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PART 1: CHARACTERIZATION OF TYPE-I/TYPE-2 CYTOKINE AND IgE 

RESPONSES OF HIV-1 RESISTANT KENYAN WOMEN 

A group of HIV-1 resistant Kenyan female prostitutes has been previously identified 

who rernain HIV-1 specific semm antibody (Ab) and polymerase ch& reaction @CR) 

negative despite chronic ongoing exposure to human immunodeficiency virus type 1 (HIV- 1) 

(3-14 years). The overall objective of this study was to characterize the type- l/type-2 

cytokine and IgE responses of these women. Toward this goal, the initial hypothesis that the 

resistant women exhibit enhanced HIV-1 driven type-1 and reduced type-2 cytokine 

responses was tested. Resdts revealed that the resistant women exhibited rnarkedly enhanced 

virus dnven IFN-y and significantly reduced IL4 responses compared to susceptible women. 

Resistant women also exhibited marginally enhanced IL-5 and similar IL-13 and IL- 1 O 

responses. Analy sis of virus driven type-2: type- 1 cytokine balance revealed a selective 

imbalance in IL-4:IFN-y, but not in other type-2:type-1 ratios exarnined. Furthemore, recall 

Ag (streptokinase [SKI and purified protein derivative PD]) driven cytokine responses 

indicated that the resistant women exhibited similar levels of Ag driven IFN-y and markedly 

reduced I L 4  responses cornpared to low risk Kenyan women. Subsequently, the hypothesis 

that HIV-1 resistant women exhibit enhanced responsiveness to IL- 12 and IP-10 (both of 

which promote IFN-y synthesis) was tested. Although the resistant women exhibited 

significantly enhanced IL- 1 2 and IF- 1 O responsiveness on vims mediated activation 

compared to susceptible women, they did not diffa nom low risk women. Fhally, the 

hypothesis that HIV-1 resistant women may exhibit deficient HIV-1 specific IgE Ab was 
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tested. Examination of their plasma confirmecl this hypothesis. However, the resistant women 

did not exhibit a generalized defect of class switching to IgE isotype because their plasma 

levels of cat and dust mite allergen specific IgE anîibodia and total IgE were similar to that 

of low risk women. In summary, this study has identified a potentid cytokine mediated 

immune mechanian associated with the clinical resistance to HIV-1 infection among Kenyan 

women. These results may have implications in the prevention and treatment of HIV- 

linfection and A I D S .  

PART II: CEIARACTERIZATION OF NEONATAL TYPE-l/TYPE-2 

CYTOKINE RESPONSES 

It is widely believed that enhanced vulnembility of human neonates to infections is 

due to the immaturity of their immune system. In the present study, two hypotheses were 

tested: 1) neonatai T cells are immature with regard to type-lltype-2 cytokine synthesis; and 

2) neonatal antigen presenting ceiIs ( M C )  have a defect in stirnulating type- l/type-2 cyto- 

kine synthesis. Cornparison of neonatal cytokine responses to phytohemagglutinlli (PHA) 

indicated an impairecl IFN-y and sirnila, IL-4, IL-5 and IL- 1 0 responses compared to aduits. 

In contrast, examination of a more physio logically relevant, alloantigen mediated response 

revealed that neonates have very sïmilar IFN-y, IL-4 and IL- l O responses but higher IL-5 

responses compared to adults. Finally, the capacity of neonatal versus adult APC to induce 

cytokine synthesis was assessed Results indicated that neonatd APC exhibit a selective 

defect in stimulating IFN-y and IL-IO, but not I L 4  and IL-5 synthesis. In summary, these 

data argue that, whereas neonatal T cells are functionally mature, their APCs exhibit a 

selective defect which may contribute to the vulnerability of neonates to pathogens. 
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PART-1: CEJARACTERIZATION OF TYPE-l/TYPE-2 CYTOKIlYE 

AND IgE RESPONSES OF HIV-1 RESISTANT KENYAN 
W O m N  

INTRODUCTION 

1. OVERVLEW 

The first identification of acquired immunodeficienc y syndrome, which we no w 

know AIDS, was reported in the early 1980's by the Centre for Disease Contro1 (CDC), 

Atlanta, USA, among homosexual men (CDC, 198 1). Shidies by three different groups later 

identified a retrovirus associateci with this immunodeficiency syndrome (Barre-Sinoussie et 

al, 1983; Popovic et al, 1984; Levy et al, 1984). This Wus was named as human 

immunodeficiency virus by the International Cornmittee on Taxonomy of V h e s  in 

1986 (Co& et al, 1986). The virus was renamed HIV type 1 (HIV-1) after a second type of 

the virus was recovered in Portugal fiom patients with AIDS and subsequently designated 

as HIV type 2 @IN-2) (Clavel et al, 1986; Marlink et al, 1994). 

HIV-1 is transmitted horizontally through blood, blood products and genitd 

sec~tions, and vertically nom mother to child Ni utero during birth, or tbrough breast milk 

(Goedert et al, 1988: Rossi 1992; Datta et ai, 1995). Although the earliest cases of AIDS in 

the USA were predominantly found among homosexual men, the major route of transmission 

is now heterosexual contact (Devincenzi, 1994). 

A large number of people are infected with HIV-1 worldwide. According to the 

UNAIDS annual survey, in 1997 alone, 5.8 million people were newly infectai with HIV-I 

(Bloom, 1998). Worldwide, -2.3 million people will die of AIDS this year, and by the end 

of this decade, -40 million people will have died h m  AIDS (Bloom, 1998; Greene, 1993). 



Globdly, sub-Saharan Afnca has the largest number of HIV-l/AIDS cases (-12 million), 

followed by Southeasî Asia (6 million), North America (860,000), Westem Europe (50,00), 

and Latin America and South Asia (5.4 million in India) (Bloom, 1998) 

Ninety percent of new HIV-1 infections occur in developing countries, where 

ultirnately al1 infected people succumb to the disease or opportmistic infections (Bloom, 

1998). The epidemiology of HTV-1 in developing countries has serious and powerfil social 

and economic ramifications (Nnlambi et al, 1988; Carsweli et al, 1989; Plummer, et ai 1991 ; 

Sirnonsen et al, 1990; Bonacci et al, 1992). Since women in the childbearing age group are 

primarily affected (for instance, in some regions, >20% of women in the reproductive age 

group are HIV-1 seropositive) (Rwandan HN- 1 seroprevalence study group 1989; 

Temmennan et al, 1 W2), a large number of HTV- 1 infectecl children will be bom before the 

HIV-1 epidemic is controlled. The AIDS epidemic in Afiica will lead to an estimated 10 

million orphans (Anderson, 1988). Furthemore, the most economicalIy productive portion 

of the population (ages 15-49) has the highest prevalence of HIV-1 infection (De cock et al, 

1990). Deaths due to HIV-1 or AIDS will have dramatic social and economic eEects (Lurie 

et al, 1995; Pot& et al, 1991; Blattner, 199 1; Merson, 1993; Peter, 1995). Thus, the potential 

impact of HN- l/AIDS on the families and society at large is enormous. 

Although advances in the treatment of HIV-1 have resuIted in a reduced death rate 

nom AIDS in developed countries, most developing countries cannot f i o rd  to implement 

the new anti-retroviral drug therapies because of high cost involved (currently about US 

$12,000-15,000 per patient each year in the USA). Furthemore, these drugs do not cure 

HIV- 1 infection. The main public health mesure available for control of HIV- l infection 

is counselling against behaviom that increase the risk of the infection (Bloom, 1998). 
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Howeva, despite wide spread public health education and control prograrns, the rate of vkal 

spread worldwide has conthued to increase (Blaîtner et al, 1991; Merson, 1993). Thus, 

alternative approaches, such as the development of suitable vaccines to prevent and control 

HTV- 1, are highly desirable. 

The concept that HIV-1 infection inevitably leads to AIDS and death has changed 

over the p s t  few years. It is clear that the clinical outcome of HIV-1 infection in the general 

population is heterogeneous. Baçed on the onset o f  AIDS after HLV- 1 infection, ùidividuals 

have been classifiecl as progresson, rapid progressors or, for approximately 10% of infected 

Caucasian populations, longterm non-progressors (Pantaleo and Fauci, 1996). Also, a mal1 

percentage of exposed individuals exhibit sustained "resistance" to HIV-1 infection and 

remain seronegative, PCR-negative and clinically heaithy despite chronic, hi& level 

exposure (Shearer and Clerici, 1 996; Rowland-Jones, 1 997; Heeney et al, 1997). Since there 

is no suitable animal mode1 for HIV-l/AIDS, it is widely believed that studying longterm 

non-progresson a d o r  resistant individuals may represent naturai models of immunity to 

HlV-1 infection, and therefore would provide direction for the development of an effective 

vaccine. 

In Nairobi, Kenya, a group of prostitutes have been identified who, despite intense 

sexud exposures, have remained HIV- 1 uninfecteci for periods of >13 years. These women 

have been designated as resistant to Hn/-1 inféction based on the following definition. They 

have remained persistently seronegative and PCR negative for 3- 14 years, have remained 

healthy with no clinical evidence of HiV-1 infection or immunodeficiency, and have nomal 

CD4 T ce11 counts (Fowke et al, 1996). These women have evidence of cel1-mediated 

immune responses to HIV- 1 and mucosal, but not plasma, IgA to HN-1. It seems possible 
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that these responses are mediating protection against HIV- 1. A basic question of why these 

individuals develop these responses remains. This thesis describes experirnents which 

characterize the type-1 and type-2 cytokine and IgE responses, and examines their 

di fferential role in resistance versus susceptibility to HIV- I Mection. 

2. REVIEW OF LITERATURE 

2.1 Replication Cycle of EW-1 

HIV-1 is a member of the lentiviridae subfamily of retroviridae. It has a characteristic 

cone shaped core and is composed of four nucleocapsid proteins (P24, P 17, P9 and P7) with 

an envelope outside. The P24 protein forms the main component of the inner shell of the 

nucleocapsid. The nucleocapsid proteins (P9 and P7) are tightly associated with the viral 

genome. The envelope is composed of two glycosylated proteins- gp120 and gp41. The inner 

portion of the envelope is surrounded by myristylated Pl  7 protein that provides the rnatrk 

for the viral structure and is important for the integrity of the virion. The viral surface is 

characteristicaliy made of 72 h o b s  containing trimers or tetramers of the envelope 

glycoprotein (Levy, 1993). 

Inside the capsid is the HIV-1 genome which has two identical RNA strands with the 

polarity of mRNA. The RNA genome (approximately 9.8 kb) contains gag, pol and env 

genes encoding for Wal structural proteins; fat, rev and nef for regdatory proteins;, vif: vpr 

y u  vpt, and tev/tnv for accessory proteins; and long temiinal repeats at 5' and 3' ends. 

HIV-1 uses the CD4 receptor as the major cellular receptor (Levy, 1993) and, 

recently, several chemokine receptors (CCRS, CCR3, CCEUB, CXCR4, CCR8, CX3CR 

US28) have been identified as CO-receptors for virai entry into celis (Cairns and D'Souza, 
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1998). W- 1 binds to the CD4 molecule through the high affinity binding of the envelope 

gp120 to a specific region of the CD4 molecule (McDougal, 1986). The V1 region of the 

CD4 molecde interacts with the 4th cons& portion near the C-terminal end of the HIV-1 

envelope gp 120. Once bound to CD4, HIV- 1 is intemalized into the cytoplami of the cell. 

The exact mechanism of intemalization is still under intense study but is thought to involve 

fusion of the cell membrane with another envelope gp41 that is non-covalently associated 

with gp 120. The CD4 molecule is essential for initiahg HIV-1 binding, but is not sufficient 

for efficient Wal enûy and infection. Recently, chemokine receptors have been shown to be 

coreceptors for W - 1 .  GP 120 interacts with these coreceptors to facilitate HIV- 1 entry 

(Alkhatib et al, 1996; Feng et al, 1996). The family of chemokine receptors are variably 

expressed on lymphocytes (CXCR.4) and macrophages (CCRS), and, in part, select for viral 

strains specific for each of these ce11 types (Feng et al, 1996; Cocchi et al, 1995). 

Additionally, CC= and C W B  have also been shown to be hision corecepton for HLV-1 

entry into monocytes (Doranz et al, 1996). Interaction of gp120 with these coreceptors has 

been mapped to the V3 loop of the gp120 molecule. 

Mer the virus has gained entry into the cell, the virion associated reverse 

transcriptase, in conjunction with nbonuclease-H, transcribes the viral RNA into double 

stranded DNA. The double stranded DNA is then translocated into the nucleus where it is 

randomly inserted into the host cell genome via the action of viral integrase. At this point in 

the replication cycle, the HN- 1 genome is called a pro-virus (Varmus, 1988). 

Mer proWal incorporation, both cellular and viral factors are required to initiate 

expression of viral genes and virai progeny (Varmus, 1988). The cellular factors may be 

constitutively expressed by the celi, or may be induced by a variety of activating signals: 
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Ags, rnitogen, heterologous gene products, cytokines, ultraviolet light and heat (levy, 1994). 

Following activation of HIV-l provinis, the first Wal genes to be expressed are those that 

enwde non-structural proteins involved with regdatory finzctions (Rosenberg, 1989; Greene, 

1991). One of these regulatory proteins is tat, which is a powemil transactivator of HTV-1 

gene expression and exerts its effect by stimulating production of full length RNA 

transcripts. These are then multiply spliced and translocated to the cytoplasm where 

regulatory proteins are expressed. At this phase in the viral life cycle, another regulatory 

protein, rev, is important. It afTects the transport of unspliced and single spliced mRNAs, 

which encode the stmctural and enzymatic proteins of HN-1 required for the assembly of 

the infectious virion at the cell sudace, fiom the nucleus to the cyîoplasm. The progeny vins 

is released fiom the host ce11 by budduig at the cytoplasmic membrane. 

Several reports have docurnented that peripheral blood mononuclear ceUs (PBMC) 

fkom different donors are not equally infectible with HIV-1 in vitro (Wainberg et al, 1987; 

Cloyd and Moore, 1990; Williams and Cloyd, 1991; Spira and Ho, 1995). Human cells can 

theoretically resist infection by HTV-1 if there are alterations in host molecules, which HIV-1 

uses as receptor (i.e., CD4) or coreceptor (i.e., chernokine receptors), to gain entry into a cell. 

In viîru experiments have shown that alterations in the protein sequence of the CD4 

molecule can have dramatic effects on the ability of HIV-1 to infect the ce11 (Fleury et al. 

1991). Although the CD4 molecule in humans is known to be polymorphic (Ghabanbasani 

et ai, 1994), there is no known naturai polymorphism in the CD4 molecule which confers 

resistance to HIV-1 infection. However, there are reports of in vitro resistance of host cells 

to HIV-1 infection attributable to polymorphism in CCRS (Paxton, 1996). Thus, C M +  T 

cells nom such individuals do not express a functional cell surface CCRS. They therefore 
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do not permit HN-1 entry and thus resist infection in vitro (Paxton, 1996). Furthemore, 

manipulation of the CD28 signal transduction pathway has been shown to d t  in resistance 

of cells to HIV-1 infection by downregulating CCRS expression cevine et al, 1996; Winkler 

et al, 1998). In a semùial paper, Waiker et al (1 986) demonstrateci that soluble factors derived 

nom CD8+ T cells are capable of suppressing the replication of HIV- 1 in PBMC. Beta 

chemokines, RANTES, MIP-la and MIP-1B (the natural ligands for CCRS) have been 

reported to inhibit HIV-1 infection (Cocchi et al, 1995). Recently, another chemokine 

(monocyte denved chemokine) was shown to exhibit similar effects on HN-I infection of 

cells (Pal et al, 1997). Baier et al (1995) reported dose dependent inhibition of HIV-1 

replication by IL-16. Notably, whereas Levy's factor exerts it's action by inhibition of RNA 

transcription, the beta chemokines and IL-16 act at a pre-transcriptional level (Clerici, 1996). 

In summary, chemokine receptor polymorphism can protect cells fkom HIV-1 infection in 

viiro, and a number of soluble factors, including chemokines, can modulate HIV-1 

replication in vitro. The relevance of such in vitro observations to clinical resistance versus 

susceptibility to HIV- 1 infection is reviewed below. 

2.2 The Paradigm of Resistance to HIV-1 Infection 

The concept that humans are not un i fody  susceptible to HIV-1 infection has 

evolved over the past five years. This is due to the documentation of a number of individuals 

who do not show evidence of infection (remaining persistently seronegative and PCR 

negative), despite evidence for continuous ongoing exposure to HIV-1. However, these 

hdividuals exhibit some immunological evidence, which indicates previous exposure andhr 

replication of HIV- 1. For the purpose of this thesis, the group of individuals examineci here 

be refemd to as "HIV-1 resistant" subjects. However, when reference to other studies 
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is made, the terminology used will be as described in the referenced report. Also, it should 

be noted that this section discusses evidence of resistance to W - 1  infection rather than 

disease progression. 

2.2.1 Examples of resistance to HW-1 infection in humans 

The docurnented cases of resistance to HN-1 infection in humans may be 

classified into two types: 1) inherent resistance to HIV-1 infection; and 2) acquired 

resistance to HIV-1 infection. 

2.2.1.1 Inherent resistance to HIV-1 infection. Paxton et al (1996) 

reported sevend individuais who had remained kee nom HIV-I infection 

despite repeated exposure through sexual intercourse with HN- 1 positive 

partners. When HIV-1 was added to leucocytes fkom these subjects, it was 

found that cells nom two of them were highly resistant to infection with 

macrophage trophic strains of virus, the strains believed to be important in 

person to person transmission. This remarkable observation dovetailed nicely 

with the subsequent discovery of chemokine receptors as cofactors that 

cooperate with the CD4 molecule to permit entry of HIV-1 bto cells (Feng 

et al, 1996; Deng et al, 1996; h g i c  et al, 1996; Doranz et al, 1996; Choe et 

al, 1996; Alkhatib et al, 1996). These findings were brought together by Liu 

et al (1996). who showed that the two exposed uninfecteci subjects harboured 

identical mutations on both chromosomal copies of CCRS. Subsequently, 

Samson et al (1996) identified the same mutation and described its 

prevalence in HIV- I infècted and uninfecteci populatiom in Northem Empe. 

This mutant dlele contains a 32 bp deletion that resuIts in truncated protein 
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which fails to be expressed on the ceIl surfiace. It is found in Caucasians of 

European descent (but very rare in Asians or f i c a n s )  with an allele 

frequency of 0.092-0.098. About l5-2O% of Caucasian are heterozygous, 

while -1% are hornozygous. Only homozygosity for this mutation confers 

protection fiom infection in these individuais. However, this protection ftorn 

infection is not absolute. Four HIV-1 infected men who were homozygous 

for the CCRS 32 bp mutation have been reported (Biti R et al 1997). Another 

much rarer mutation, CCR5-m303 with similar effects to 32 bp deletion, was 

reported earlier this year (Quillent et al, 1998). These mutations are the most 

likely exphnation for how the exposed uninfected individuals resisted the 

virus and also provide dues as to the mechanism by which HIV-I gains a 

foothold in those who are exposed to it. In response to the CC chemokines 

(RANTES, MIP-la and MIP-1 P), this receptor tramduces signals in 

leucocytes that result in their chernotaxis towards areas of inflammation. 

Cochii et al (1995) had shown that these chemokines could aiso inhibit 

infection by several primary macrophage tropic strains of H W -  1 .  

2.2.1.2 Acquired resistance to HIV-1 infmtion. There are a number 

of reports describing seronegative uninfected individuals despite significant 

HIV-1 exposure. These include individuals who have unprotected sexual 

intercourse with HIV-1-seropositive individuals (Paxton et al, 1996; 

Dernoyers et al, 1994; Clenci et al, 1992; R d y  1989), intravenous dmg 

users with a knom history of needle sharing (Barcellini et al, 1995; Baretfa 

et al, 1996), prostitutes (Rowland-Jones et al, 1995; Fischl et al, 1987; 
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Travers et al, 1995; Fowke et al, 1996), newborn infants of HIV-1 

seropositive mothers (Rich et al, 1997; Gesner et al, 1994; Cheynier et al, 

1994; De-Maria, 1994; Clerici et al, 1993; Rowland-Jones et al, 1993), 

recipients of blood or blood products contaminated with HIV-  1 (Shearer and 

Clerici, 1996), and healthcare workers who have çustallied parental exposure 

to HN-1 infected blood or body fiuids (Clerici et al, 1994; Pinto et ai, 1995). 

Severai publications have reported the presence of HIV-1 specific T ce11 

responses in the aforementioned cohorts of exposed seronegative individuals. 

These reports include T ceil prokifdon (Rank et ai, 1989; Borkowski et ai, 

1990; KeIker et al, 1992), IL-2 production induced by HIV-1 peptides 

(Clerici et al, 1996, 1991, 1992, 1993, 1994 and 1989; Jehuda-Cohen et al, 

1993; Beretta et al, 1996), and generation of HTV-1 specific cytotoxic T 

lymphocytes (CTL) responses (Cheynier, 1992; Rowland-Jones et al, 1993 

and 1995; De-Maria, 1994; Langlade-Demoyen et al, 1994; Pinto et al, 1995) 

and are reviewed below. 

2.2.1.2.1 Kenvan sex workers. Some of the strongest 

epidemiological evidence for resistance to HTV-1 infection cornes 

h m  shidies on a group of Kenyan sex workers (Rowland-Jones et al, 

1997). Since 1985, these women have been followed as part of a 

cohort of prostitutes in Pumwani, Nairobi (Plumer et al, 1991; 

Simonsen et al, 1990). The prevalence of HTV-1 infection in theu 

clients is as high as 25% and they have an estimated minimum 

average of 64 unprotected sexual exposures to HIV-1 per year 
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(Fowke et ai, 1996). These women have been followed up for 3-1 3 

years, and have remained persistently HIV-1 Ab and PCR negative. 

Many of these women exhibit a CTL response to W-1, env, gag 

and p l  gene products, and increased IL-2 production to HIV-1 

peptides (Fowke et al, 1997). Notably, resistance in these women is 

not associated with either enhanced levels of CC chemokines or 32 

bp deletion in CCR5 gene (Fowke et al, 1998). Resistance or 

susceptibility in these women correlates with human Ieukocyte 

antigen (HLA) class I and class II alleles. The HLA aliele MA6802 

supertype and HLA DR*Ol correlates with protection against 

infection. HLA-A2301 correlates with susceptibility to infection 

(MacDonald S et al, 1998). It also appears unlikely that HIV-1 

receptor or coreceptor mutations are responsible for resistance in 

these women as their PBMC are readily infected with many different 

T ce11 and macrophage tropic HIV-1 isolates (Fowke et al, 1998). 

2.2.1-2.2 Gambian sex workers. A total of six Gambian 

sex workers who remained seronegative for at least seven yean have 

been described who are uninfected with HIV-1 (Rowland-Jones et al, 

1995). Five of these six women exhibit CTL response to cross 

reactive epitopes of HN-1 and HIV-2. It is noteworthy that, like the 

Nairobi women, the Gambian women also do not have the mutated 

CCR5 gene (Rowland-Jones et al, 1997). 
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2.2.1.2.3 Seronegative homosexuai men with emosure 

to W- 1. Clerici et al (1 992) compared IL2 production to HIV- 1 

peptides in seronegative homosexual men who had recent sexuai 

exposure to HIV-1, with that of seropositive homosexual men and 

seronegative heterosexual men. They reported iL-2 production to 

HIV-1 peptides in 5 6  test subjects, as well as in 8/11 seropositive 

homosexual controIs and 3/13 seronegative heterosexual controls. 

Based on this data, they concluded that IL-2 production to HLV-1 

may be a more sensitive test for examining exposure to W- 1 than 

specific HtV-1 Ab producion, lymphoproliferation, or PCR tests. 

Notably, this study did not address the roIe of IL2 production in 

resistance versus susceptibility to HZV-1 infection, and there was no 

significant difference in kequency of IL-2 production between 

seropositive and seronegative homosexual men. Other cytokines were 

not examined. 

2.2.1.2.4 Health care workers. Clenci et al (1994) 

examined HIV-1 peptide specific IL-2 production among 

seronegative healthcare workers exposed to W- 1 positive blood in 

cornparison with healthcare workers exposed to HIV-1 negative 

blood. They found IL-2 production in response to HIV- I peptides in 

6/8 of test subjects compared to 119 control subjects. Other cytokines 

were not examined. In a later shidy, Pinto et a1 (1995) extended these 

h d h g s  and reported the presence of HIV- 1 specific CTL responses 
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in healthcare workers exposed to HIV-1 positive blood. Notably, 

these studies did not examine HIV-1 infected (Le., susceptible) 

individuals, and hence did not address the role of IL2 in resistance 

versus susceptibility to HIV- 1 infection. 

2.2.1 -2.5 Children boni to HIV-1 uositive rnothers. 

Three m e c t e d  children born to HIV-1 infecteci rnothers were 

described who lost materna1 Ab and who were PCR negative, but in 

whom HIV-1 specific CTLs codd be detected up to 3 years of age 

described (Cheynier et al, 1992). Subsequently, three other children 

with shilar features were described. In this second group of children, 

C'ils to W - I  were transient and observed only in the h t  year of 

life (Aldhous et al, 1994; Rowland-Jones et al, 1995). CIenci et al 

(1 993) examined IL-2 response to HIV-1 peptides in children bom to 

seropotitive mothers and found the presence of IL-2 response to HIV- 

1 peptides in 8/23 cord blood sarnples. Other cytokines were not 

examined. Based on this data, they suggested that HIV-1 specific T 

helper response (i.e., IL2 response) may be protective in newboms. 

individuals. A recent study examined the immune rnechanisms of 

resistance to infection, possibly involving the CC chernokine 

pathway, in discordant couples expressing the wild type CCRS allele 

(Furci et ai, 1997). They denved high fiequency of HIV-1 gp120 

specific CD4+ T ce11 clones nom the exposed d é c t e d  partners. 
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Stimulation of these T ceIl clones with the specific HN-1 derived 

peptide or with PHA, but not with the control peptide, induced the 

release of high amounts of d l  three CC chemokines (RANTES, MIP- 

1 a and MIP- 1 P) that inhibited Hnr- 1 replication. However, they did 

not study type-l/type-2 cytokine responses in these subjects. 

Mazzoli et al (1997) reported the presence of HTV-1-specific IgA in 

urogenital tract secretions and IL-2/IL-IO production by PBMC to HIV-1 env 

peptides in exposed uninfected subjects. Remarkably, they found the presence of 

HIV- l -specific IgA in both exposed uninfected as well as HIV- 1 infected subjects. 

However, HN-1 specific IgG was present in HTV-1 positive, but not in exposed 

uninfected subjects. Notably, both exposed uninfected and HIV-1 positive subjects 

exhibited sixnilar fiequency and intensity of HIV- 1 qec i f i c  IgA. Thus, secretory 

HIV- 1-specific IgA is not associated with resistance versus susceptibility to HN-1 

infection in these subjects. Furthemore, IL-2 and IL-10 production to HIV-1 

peptides was exanilned in these subjects. They found significantiy enhanced IL-2 and 

lower IL-10 production by PBMC among exposed uninfectecl subjects compared to 

their seropositive partners. Other cytokines were not examùied. The exposed 

uninfécted subjects examined in this study did not differ in either CC chemokine 

secretion or the CCRS gene mutation korn the positive partners. 

In essence, diverse mechanisms seem to be operating in these various groups 

of subjects who appear to be resistant to HIV-1 infection. Such subjects ofien exhibit 

the presence of HIV-1 specinc CTLs. However, the protective d e  of HIV- 1 specific 

CTL is still largely debated @fathieson, 1995; Rowland-Jones et al, 1997). It remains 
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to be established whether they are actually associated with protection fÏom fûture 

infection rather than simply markers of past exposure (Rowland-Jones et al, 1997). 

Notably, in a recent study, a significant inverse correlation was reporteci between 

HIV-I specific CTL fiequency and plasma RNA viral load (Ogg et al, 1998). The 

detection of CTLs in the Nairobi cohort, for whom there is the most convincing 

evidence of resistance to HIV- 1 infection in the face of intense exposures, may point 

towards a protective role. However, the immune mechanisms to explain the 

development of such potentially protective CTLs in these individuals rem& to be 

dehed. 

2.3 Type-1 and Type-2 Mode1 of Cytokine Responses 

Cytokines are mo1ecula.r messengers with extremely important immunobiological 

functions ranging fiom haematopoiesis, inflammation, and tissue repair to the regdation of 

immune responses. Essentidly, they orchestrate the immune system as they initiate, steer, 

ampli& and, where necessary, downregulate immune responses. 

2.3.1 Origins of the THl/T.H2 and type-lltype-2 concepts 

To explai. the regulatory role of cytokines, a mode1 was proposed by 

Mosmann and Coffman a decade ago (Mosmann et al, 1986). They observed that 

murine T cell clones produced a package of cytokines. Based on the cytokine profile, 

they named these clones as TH 1 (which produced IEW-y, IL-2, Iymphotoxin and a- 

3) and TH2 (which produced IL-4, IL-5, IL-6 and IL-3, later IL-IO and IL-l 3) 

(Mosmann and Cofnnan, 1989). Later, Rornagnani and colleagues (1 99 1) 

demonstrated that human T ce11 clones can also be classified functionally into TH1 

and TH2 subsets. Besides the above two sets, they describeci a third subset, named 
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THO, which secreted overlapping sets of cytokines. Later studies by other 

investigators indicated that IL-2 and IL-1 O in humans are unreliable markers for TH 1 

and TII2 subsets respectively @el Prete et al, 1993; Abbas et ai, 1996; Romagnani 

1997). IL2 can be produced by naive T cells as well sa THO and TH2 cells, while 

IL- IO can be produced by TH1 and THO cells and non-T cells, such as monocytes 

and macrophages @el Prete et al, 1993; Abbas et al, 1996; Romagnani, 1997). 

The regulatory mechanisms uuderiying the development of THl- and THZ- 

like cells from naive T cells have been widely investigated. IL-12, produced by 

antigen presenting ceils (MC), promotes development of naive T cells into TH1 -l&e 

cells (Manetti et al, 1993; Trinchieri, 1996). In addition, IL48 produced by APCs 

can promote TH1 like activity by acting on pre-differentiated TH1 cells (Khono et 

al, 1998; O'Garra, 1998; Murphy, 1998). Recently, it was demonstrated that human 

IP- 1 O, a CXC chemokine, selectively promotes TH 1 (IFN-y) cytokine response, 

although its mechanism of action remains to be detennined (Gangur et al, 1998). IL-4 

promotes the differentiation of naive T cells into TH2-like cells. However, the 

determination of the source of initial IL4 required for this process remains an 

intensely investigated area (O' Garra, 1 998). 

The initial classification of T H l M  subsets identified CD4+ T helper cells 

as the source of these cytokines. However, the later studies showed that, in addition 

to CD4 T cells, other cell types (such as  monocytes, macrophages, natural kil la  [NK] 

cells, B cells and CD8 T ceus) can contribute to the production of these cytokines 

(Trinchieri, 1989; Femck et al, 1995; Seder et al, 199 I;  Mosmann and Sad, 1996). 

Therefore, a new temiinology of type- 1 (for TH1) and type-2 (for TH2) has been 
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proposed (Bloorn, 1992; Clerici and Shearer, 1994; Abbas et al, 1996). Notably, 

type-1 and type-2 immune responses are of€en used to include not ody cytokine 

responses, but also the associated efféctor responses, such as delayed type 

hypersensitivity @TH)/CTL responses and IgE Ab responses, respectively (Abbas 

et al, 1996). The new type-l/type-2 nomenclature will be w d  for describing 

experiments conducted as part of this thesis. 

2.3.2 Sbengths of the mode1 

Since the original hdings by Mosmann and Co£finan, the THl/TH2 mode1 

of cytokine regdation has become widely used by many investigators in different 

systems. The immense popularity of this model is because it explained, under a 

unified b e w o r k ,  a number of observations previously described in the iiterature. 

For instance, in the moue, IgG2a versus IgE isotypes of Ab produced in a given 

immune response can be associated with TH1 or TH2 type of cytokine production 

respectively (Mosmann et al, 1 996). Similarly, a number of studies had identified a 

reciprocal relationship between humoral and ce11 mediated immune responses 

(Mosmann et al, 1996; Romagnani, 1997; Abbas et al, 1996). The THlITH2 model 

provides a rational basis for this because, in general, TH1 cytokines promote ce11 

mediated responses and TH2 cytokines promo te Ab responses. 

More interestingly, the clinical phenotypes of resistance vemis suscep tibility 

to a number of diseases as opposed to infection can now be associated with TH1 or 

TH2 dominated responses. For example, in the widely studied mouse model of 

Leishmaniasis, L. major evokes a dominant DTH response in C57BU6 mice which 

is associated with protection fi-om disease and production of TH1 cytokines. h 
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contrast, disease susceptibility of Balblc mice is associated with humoral immune 

response and TH2 cytokine response (Sadick et al, 1990; Scott et al, 1998). Similar 

examples of other infectious diseases in mouse models are presented in Table 1. In 

humans, a clear demonstration in TH1 versus TH2 cytokine bias has been described 

in leprosy (Yamamura et al, 1991). The disseminated form of the disease 

(lepromatous leprosy) is associated with the THî type of cytokine response. In 

contrast, the contained fom of the disease (tuberculoid leprosy) is associated with 

TH 1 type of cytokine responses. 

A clearer association between the disease versus tolerance (resistance) and 

THllTH2 cytokine response has been extensively described in human allergic 

diseases Womagnani, 1996; HayGlass, 1995). Initial studies by Romagnani et al 

(1996), using T cell clones derived h m  allergic and non-ailergic subjects, associated 

TH2 dorninated cytokine response with allergic disease. Using allergen mediated 

activation of f?esh human PBMC directly ex vivo, Imada et al (1995) elegantly 

demonstrated that, whereas TH2 dominated cytokine response is associated with the 

expression of allergic disease, clinically non-allergic subjects exhibited a TH1 

dominated cytokine response to the same environmental Ag (allergen). 

2.3.3 Weakness of the model 

As with any model, the T H I D  paradigm has its own limitations. Since 

humans are genetically outbred, as apposed to inbred mice, many immune respooses 

in humans are not as strongiy polarised as one would see in murine models. Kelso 

(1995) shidied keyhole lyrnphet haernocyanin and allo Ag primed T ce11 clones and 

found that the fiequency distribution of cytokine producing T ce11 clones was 



Table 1. THliTH2 response and resistance versus susceptibility to infectious diseases in murine models 

Disease Response Evidence/Comments 

Virus 

Borrelia burgdor/ei 

Influenza 

Bactena 

1 1 

1 ( Leishmania major 1 TH1 cures 
I 1 TH1 response in resistant rnice, TH2 in susceptible mice; anti-IL-4 Ab 

TH1 protects 

Fungi 

TH 1 protects 

Specific TH1 cell lines confer resistance to infection in susceptible mice 

Chlamydia 

THI, but not TH2, anti-influenza clones confer in vivo protection (Graham 
et al. 1994) 

Candida albicans 

Protozoa 

TH1 protects 
(Pride et al, 1998) 
IFN-y produced during resistant response; anti-IFN-y Ab exacerbates; 
IFN-y protects (Rank et al, 1992; Perry et al, 1997) 

TH 1 protects 

T~panasomacmzi 
T. equiperdium 

TH I and TH2 responses correlate with resistance and susceptibility ; anti- 
IL-4 Ab, anti IL-10 Ab and soluble IL-4 receptor induces resistance 
(Romani et al. 1994ab.c) 

THlprotects 
TH 1 protects 

protects, anti IFN-y exacerbates;THl cells protect, TH2 cells exacerbates 
(Scott et al, 1998) 
THlcellstransferprotection(Nickelletal,1993) 
Successhil irnmunization is associated with a TH 1 response (Pento et al, 
1992) 
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unimodal rather than bimodal. She noted that cytokine pmducing T cells display a 

spectrum of cytokine secretion profiles of which TH 1 and TH2 cells rnay represent 

the two possible extreme phenotypes (Kelso, 1 995). 

Additional arguments have been made that the sensitivity of the assay used 

to detamuie the presence of a cytokine may influence the conclusions drawm (Kelso, 

1995). Also, the experimental conditions employed by the investigators may result 

in significantly different results. For example, lmada et al (1995) demonstrated that 

different mitogens (PHA versus anti-CD3 Ab) c m  skew the cytokine responses 

towards TH1 or TH2 dominance. Allen and Maizels (1 997) recently concluded that 

it is important to avoid imediate categorization of immune responses observed in 

infectious diseases into TH1 or TH2 type, but that the immune responses should be 

assessed properly by the individual cytokines and the effector pathways that are 

induced. 

The original description of THl/TH2 hypothesis was based on studyhg ce11 

clones, which were secreting a package of cytokines. Clones ideally represent a 

single or few T cells, which are specific for one or few epitopes of a given Ag. The 

results ffom such studies do not necessarily reflect the immune response exhibited 

by the diverse T ce11 repertoire of a given individual against a complex microbe. 

Therefore, one has to be cautious in extrapolating the results fiom such studies. 

Studying the cytokine response using whole PBMCs may be a better alternative as 

it includes the cytokines produced by multiple cell types, involves both autocrine and 

paracrine cytokine regulation, and aaalyzes a broad T ceil repertoire. 



2.4. Type-lmype-2 Paradigm and AIV-IIAIDS 

2.4.1 Type-Iftype-2 cytokines and HIV-1 replication 

There are several reports on modulation of HIV-l replication in v i ~ o  by type- 

1 and type-2 cytokines (Levy, 1993; Fauci, 1993; Foli et al, 1995). However, the 

modulatory eEect of cytokines on HN- 1 replication seems to depend upon the ceIl 

type examined and the coditions under which the studies were undertaken. Levy et 

al (1 993) reported that IFN-y inhibited HIV-1 replication in T ce11 lines while it 

enhanced HTV- 1 replication in PBMC or in prirnary macrophages. However, Fauci 

et a1 (1993) reported variable effects of IFN-y on HN-1 replication in macrophages. 

Sirnilarly, whereas Levy (1 993) reported IL-4 enhanced HIV- 1 replication in primary 

macrophages and CD4+ cells, Fauci (1993) reported variable effects in T ce11 lines 

or macrophages. Recently, Jourdan et al (1998) reported that IL-4 induces functional 

ce11 surface expression of CXCR4 on human T cells. Thus, IL-4 may play an 

important role in rendering CD4+ T cells susceptible to infection with HIV-1 via 

CXCR4, which acts as a CO-receptor for virus entry (Jourdan et al, 1998). Also, IL-5 

was reported to enhance HN- 1 replication in CD4+ cells (Levy, 1 993) and IL- 13 

inhibited HlV-1 replication in T cells and macrophages (Fauci, 1993). On the other 

hand, IL-IO was reported to have variable effects on HIV-1 replication (Fauci, 1993). 

Interestingly, examining the replication pattern of Hnr-1 in TH1 and TH2/THO 

clones, Maggi et a1 (1 994) reported that HIV-1 preferentidy replicates in TH2 clones 

than in THO clones. Finally, others have reported that HIV-1 replication was 

inhibited by TH1 but not THO CD4+ T ce11 clones specific for W-1 gag p24 

(Vyakaranam et al, 1995). 
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2.4.2 Type-l/type-2 immune response and disease progression in HN-l/AIDS 

2.4.2.1 Type-l/type-2 cytokines and disease progression. 1t is weil 

known nom the experimental and clinicd observations that AIDS is 

associated with (i) increased B ce11 activity, s e m  ùnmunoglobulin (Ig) 

levels and spontaneous in vitro IgG production (Pahwa et al, 1986; Clerici 

and Shearer, 1993); and (ii) decreased T ce11 proliferation and IL-2 

production (Clerici et al, 1989). Based on these observations, Clerici and 

Shearer (1993) proposed a hypothesis that a TH1 to TH2 switch in cytokine 

synthesis may play a critical role in the progression of FIN-1 infection to 

AIDS.  

To test this hypothesis Clerici et al (1993) examined THE cytokine 

response of asymptomatic HN-1 positive subjects in cornparison with a 

group of HIV-1 infected subjects in various stages of disease progression. 

T 'us,  PBMCs fiom these subjects were cultured with influenza Ags, 

allogenic cells, or PHA. IL2  was measured as a TH1 marker cytokine and 

IL4 as a TH2 marker cytokine. They found that as patients progressed to 

disease, their IL-2 response to influenza Ags was lost kt, followed by loss 

of response to alloantigen. Concomitantly, they found enhanced I L 4  

responses to PHA in individuals with advanced disease stage cornpared to 

asymptomatic subjects. From this data, they conciuded that as patients 

progressed towards AIDS,  a switch from TH1 to TH2 cytokine response 

occurs. 
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The limitations of this çtudy are: 1) IL-2 was used as a rnarker of TH 1 

cytokines. IL-2 is a poor representative of the TH1 subset because, as 

discussed previously, it is shown to be produced by TH 1, T H O  and TH2 

clones as well as by naive T cells (Romagriani, 1997; Abbas, 1996; O'Garra, 

1998); 2) they correlated IL,-2 production to influenza Ags with I L 4  

production to PHA for deriving the switch conclusion; and 3) HIV- 1 specific 

cytokine responses were not examined. 

Fauci and coworkers (1994) also exafniDed the switch hypothesis in 

HTV-1 positive individuals in various stages of diseases. They examined 

PBMC and lyrnph nodes for constitutive mRNA expression for IL-2, IL-4, 

IL10 and IFN-y directly ex vivo. In PBMCs, they found no detectable 

cytokine message in CD4 T ceus. However, CD8 T cells showed message for 

IL-10 and IFN-y. Similar results were obtained fiom lymph node studies. 

From these finduigs, they concluded that there was no evidence for THllTW 

dichotomy in HIV- 1 infection. 

This study raises the following concems. Messager RNA for cytokine 

genes in general has a very short half-life and is usually not constitutively 

expressed. Cytokine gene expression usually requires cellular activation. 

However, this study did not involve activation of cells ex vivo prior to 

cytokine messenger RNA analysis. Furthermore, the presence of messenger 

RNA for a cytokine does wt necasarily mean protein production (Bamford 

et al, 1996). Therefore, presence or absence of cytokine messenger RNA is 

inconclusive evidence of the type of cytokine responses. 
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Maggi et al (1994) examined the switch hypothesis in seronegative 

controls and seropositive groups of subjects with different CD4 counts. They 

examineci polyclonally driven (phorbol myristate acetate (PMA) + anti CD3) 

cytokines IL-4, IL10 and IFN-y production. They found that, as disease 

progressed, both IL-4 and FN-y production decreased. They later denved T 

cell clones fiom skin biopsies of HN-1 positive and W - 1  seronegative 

subjects, and patients with atopic dennatitis. They obtained the same number 

of clones producing IFN-y and IL4  nom HIV-1 positive patients f?om the 

other groups. Therefore, they suggested that these HIV-1 positive subjects are 

in the THO stage. Subsequently, they canied out infectivity experiments 

ushg TH1, THO, and TH2 clones. They found that HIV-1 replicates better in 

TH2 and T H O  than in TH1 clones. Thus, they concluded that while there is 

no evidence for TH1 to TH2 switch, HIV-1 can favow a shift to THO 

phenotype. 

The limitations of this shidy are: 1) cytohes were examined with a 

polyclonal stimulator which may not necessady reflect physiologically 

relevant Ag driven cytokine responses as has been reported (Imada et al, 

1995); 2) this study involves analysis of T ce11 clones. As alluded to earlier, 

extrapolating results fiom T ce11 clones needs to be done with caution. 

There are several experimental diffaences which may have 

contributed to the conflicting results among these three studies: 1) type of 

cells used (PBMC, clones versus skin biopsies); 2) length of the thne of 

activation of cells (0,4 hours, 6 &y); 3) different stimulators used (nothing, 
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influenza Ag, allo, PHA, anti-CD3 mAb+PMA); 4) different assays used to 

measure cytokines (mRNA, T ce11 clones, biopsies, ELISA); and 5) cntena 

of patient selection (Maggi et al [1994] selected patient groups on the basis 

of CD4 counts whereas Clenci et al [1993] selected patients on the bais  of 

presence or absence of response to recall and alloantigens). 

In addition to these studies, there are several reports testing the 

THI/TH2 hypothesis in relation to HTV- 1 disease progression. These studies 

have also employed similar approaches of examining either cytokine protein 

levels (Meyaârd et al, 1996; Clerici et al, 1994 and 1996), mRNA expression 

(Fan et al, 1993), plasma cytokine levels (Agarwal et al, 1998) or fkequency 

of cytokine secreting celis (Hagiwara et al, 1996). These studies examined in 

vivo levels of cytokines (Agarwal SIC et al 1998), directly er vivo (Fan et al, 

1993), polyclonal activation (Clerici et al., 1996; Alonso et al, 1997; Meyaard 

et al, 1996; Fakoya et al, 1997; Fan et al, 1993) or HN-1 peptide mediated 

activation (Clenci et al, 1997). Some find evidence for a switch to TH2 

phenotype during progression (Clerici et al, 1996 and 1997; Meyaard et al, 

1996), others h d  evidence for TH2 cytokine production in the early phases 

of HIV-1 infection itself (Meroni et al, 1996). In contrast, some others 

reported no evidence for THlLiTU dysregulation (Alonso et al, 1997; 

Hagiwara et al, 1996; Fan et al, 1993). 

Since IL42 promotes the type4 response, several studies have 

examined IL12 production in relation to HIV-1 infection with varying 

conclusions. Chehimi et al (1994) reported impaired IL-12 production to 



26 
Staphylococcuî nureuî (Cowans strain) in HIV- 1 infected patients compared 

to heaithy controls which was not due to hyperproduction of IL4 O. Daftarian 

et al (1995) studied rnitogen stimulated IL-12 synthesis among Hnr-1 

positive and control subjects and found significantly reduced mitogen 

stimulated IL-12 synthesis among HIV-1 infectecl patients. Meyaard et al 

(1997), examined IL12 production by PBMC fkom HIV-1 positive subjects. 

They found that where LPS stimulated IL-12 production was normal, the 

staphylococcus A Cowan (SAC) strain stimulated IL42 p40 and p70 

production was decreased in HIV-1 infected persons. Chougnet et al (1996) 

reported reduced IL-12 production in HIV-1 infécted subjects and attributed 

this as secondary to hyperproduction of IL40 in their studies. However, 

Alonso et al (1 997) found no significant difference in PHA stimulated IL- 1 2 

production between AIDS patients and nomal healthy volunteers. 

In summary, as evident fiom these studies, no consensus has been 

reached on the issue of the switch hypothesis in HIV-1 disease progression. 

The key question pf whether the switching reported in some studies is the 

cause or effect of overt disease remah open for investigation. Ln contrast to 

the widely examined role of type-l/type-2 cytokines in relation to disease 

progression, there are o d y  a limited number of studies examining type- 

l/type-2 cytokines in seronegative uninfecteci subjects with a history of 

exposure to HIV-1. As stated earlier, while there is evidence for the presence 

of T helper cell responses in exposed uninfecteci subjects, examination of 

cytokines has been limited mostly to IL-2 and, in some cases, both IL-2 and 
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IL4 0 synthesis. Thus, a detailed study on the role of Type- 1 /Type-2 cytokine 

responses, especidly virus driven cytokine responses, in relation to clinicai 

resistance versus susceptibility to HIV-1 infection (as opposed to 

progression) remains to be conducted. 

2.4.2.2 IgE antibody response (a type-2 immune respoose) and 

disease progression. In view of the proposed THIITH2 switch hypothesis 

in HN-1 disease progression and because I g E  represents a prototypic product 

of type-2 immune response, several groups have examined the IgE Ab 

responses and senun IgE levels in relation to disease progression. 

The cment mode1 of IgE synthesis in humans is as follows (Bacharia 

et al, 1998). Entry of exogenous Ag into the immune system leads to its 

processing and presentation by APC such as  macrophages and B cells, to the 

T cell via the T-ce11 receptor in the context of the major histocompatibility 

complex W C )  class II molecuie. Mer  this step, bvo signas are critical in 

class switching of B cells to the IgE isotype: i) interaction between the CD40 

ligand on the activated T ce11 and ifs receptor CD40 on the B cells; this 

signal is required for class switchuig in g e n d  and is not specific to IgE; and 

ii) IL-4 as well as IL13 produced by type-2 cells (TH2 cells, mast 

cells/basophils) act as switch factors for class switching of B ce11 to IgE 

isotype production; this signal is IgE isotype specific (Pene et al, 1988; 

Snapper et al, 1988). IL-5 and IL-6 enhance IgE production induced by IL- 

4/IL-13 and IL40 promotes B ceii growth (Banchereau et al, 1991). Type-1 

cells are important in inhibithg IgE synthesis by the production of IFN-y. 
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This cytokine inhibits the action of IL4 on B cells and also inhibits T ce11 

production of IL-4 (Pene et al, 1988). 

Multiple reports demonstrate that elevated serum IgE levels can be 

found in HIV-1 infected patients (Ammann et al, 1983; Israel-Biet et al, 

1992; Lucey et al, 1990; Shor-Posner et al, 1995; Wright et ai, 1990). Three 

studies have been performed in an attempt to correlate increased IgE levels 

in HIV-1 uifected subjects with HIV-1 disease progression. Wright et al 

(1990) fond that in a subset of their shidy cohort of 67 HN-1 infêcted men, 

those with CD4+ T ce11 counts of less than 200lmm3 had a higher mean IgE 

level than did controls. Lucey et al (1990) reported a sùnilar finding in their 

study of 622 HIV- 1 infecteci men. Israel-Biet et al (1 992) found a relationship 

between IgE levels and prognosis in HIV-1 inf'ted patients. Thus, higher 

rates of AIDS occurred with those patients with AIDS related complex and 

higher IgE levels than with patients with AlDS related complex and lower 

IgE levels. 

In severai studies, atopy, as  m e a d  by clùiical history or measures 

of skin pack test or specific IgE Ab has not been found to correlate with 

elevated IgE levels in HN- I infecteci patients (Ellurie et al, 1995; Israel-Biet 

et al, 1992; Koutsonikolis et al, 1996; Vigano et al, 1995). However, Sample 

et al (1990) found increased incidence of allergic disease by -2-fold after 

seroconversion in a group of HIV-1 infécted males. Maggi (1989) reported 

the presence of increased s e m  IgE Abs to h g a l  Ags in patients with 

advanced disease. In contrast, in a ment report, Goetz (1997) studied 
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aeroallergen (dust mite, cat, grass and mold) specific IgE Ab changes in 

subjects with rapid disease progression. They found reduction in aeroallergen 

specific IgE Ab as the disease progressed, while total IgE increased from a 

median of 69 to 1 16 IU/ml. Thus, they suggested that levels of aeroallergen 

specific IgE Ab levels do not account for the elevated plasma IgE as seen in 

patients with advanced disease. 

In the previous studies, HN-1 specific IgE Ab was not examined. 

Secord et al (1996) reported the presence of W - 1  specific IgE Ab (as 

assessed by Western blotting) in the sera of three children who were fiee 

fkom opporhmîstic infections despite being HIV-1 positive. A recent study 

reported the presence of HIV-1-specific IgE Ab in children bom to HIV-1 

infected mothers (Miguez-Burbano et al, 1997). Since IgE Abs do not cross 

the placenta, they suggested that detection of HIV-1 specific IgE Ab may be 

usefûl in the early diagnosis of neonatal infection. 

In summary, elevated IgE levels are found in HIV-1 -idected nibjects 

and these elevated levels are ofien not associated with atopy. Elevated IgE 

levels are more fkquently fond in the HIV-1 infécted patients with low CD4 

ce11 counts or AIDS than in asyrnptomatic patients. However, aeroallergen 

specific IgE Ab decreases with disease progression. To date, HIV-1 specific 

IgE Ab has not been widely examuied. 

3. HYPOTHESIS AND RATIONALE 

Central to the hypotheses tested in this thesis is th& an immunological bias towards 



30 
a type 1 response is protective against W - 1  ùifection. If so, then this c m  be shown by 

studying type 1 and type 2 cytokine profiles among HIV-1 resistant prostitutes compared 

with those who are infected with HIV-1 (ie., susceptible to Inféction) and unexposed 

u d e c t e d  women. Thus, four specific hypotheses were tested. 

3.1 Epidemiologic Resistance to AIV-1 Infection is Associated with Virus Driven 

Type-1 Dominated Cytokine Response and Susceptibility to HIV-1 Infection is 

Associated with Virus Driven Type2 Dominated Cytokine Response 

This hypothesis was tested by character-g inactivated HIV-1 and PHA driven 

type-1 and type-2 cytokine responses of HIV-1 resistant and susceptible Kenyan women. 

Cornparison was made between resistant and susceptible women b a s 4  on the rationale that 

both of these subject groups are chronically exposed to HIV-1 due to their profession, and 

that oniy susceptible women are HIV-1 idected. Therefore, differenca in the responses 

observed would reflect differential host response to the virus. HIV-1 positive wornen with 

CD4+ cells S00ful were chosen so that recal1 cytokine responses are readily measurable in 

&o. HN-1 driven cytokine responses were also examined in low risk women to ensure that 

the responses were HIV- 1 specific. 

Inactivated HIV-1 virus was used in preference to a live infectious virus so that 

cytokine analysis was not influenced by the infectious virus mediated death of the cells. 

Also, whole virus was chosen in preference to peptides or proteins so that potential limitation 

of HLA restriction infiuencing the Unmune response was avoided. Since the immune systern 

of a person ultimately decides which Ags are pmcessed and presented to T cells, it was lefi 

to the cells and Wus to decide which peptides are presented and which cells mediate the 

cytokine response. The virai s e  used in this study is HIV-1, , a laboratory adaptd clade 
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B virus which is widely used for experiments. In Nairobi. the cumently dominant Kenyan 

isolats belong to clades A, C and D. Thus an ideal choice would have been the use of local 

isolates from Kenya.. However, preliminary data suggest the presence of clade B vùus 

(Melanie M m y ,  personal communication). This viral prepamtion was used to readily allow 

others to repiicate our work in other populations. Moreover, resistant women in this study 

have been documented to exhibit a high fkequency of CTL to HIV-1 peptide epitopes that 

are highly conserved between HIV-1 viral clades. Hence, resistance in these women appears 

to be broadly cross protective. 

Whole dact ionated PBMCs were used in preference to purified subsets of T 

lymphocytes or clones because it has been weil shown that many non-T cells, such as NK 

cells and basophils, can contribute to the cytokine responses (Fearon et al, 1996; Mosmann 

and Sad, 1996). Furtherrnore, the idea was to examine the cytokine response of the intact 

immune repertoire of the host to the intact pathogen. 

The cytokines which were measured included IFN-y, IL-4, IL-5, IL-1 3 and IL- 10 as 

these cytokine responses can clearly identiQ type 1 and type 2 responses. 

3.2 HIV-1 Resistant Women Exhibit Eohanced Recail Ag Driven Type-1 And 

Reduced Type-2 Cytokine Responses Relative To Low Risk Kenyan Women 

This was tested by characterizing recall Ag (PPD and SK) and mitogen (PHA and 

ad-CD3 mAb) driven type-1 and type-2 cytokine responses of HIV- 1 resistant and 

presumably low nsk HN-1 negative Kenyan women. This was based on the following 

rationale: Both groups are HIV-1 negative (seronegative and PCR negative). However, 

resistant women are commercial sex workers who are continuously exposed to HiV-1 but 

have rpmained cLinically resistant. In contrast, low risk women are not sex workers and hence 
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are presumably at low risk for exposure to HN-1. Therefore, cornparison of these two 

groups of healthy subjects would provide insights into how the HIV-I resistimt wornen might 

be potentially different fkom other healthy subjects with regard to their immune responses. 

Recall Ags SK and PPD were used with the following rationale: streptococcal 

infections are ubiquitous and hence it is unlikely that a given individual may not have been 

exposed, at least once, to this very common pathogen. Therefore, SK was used in the present 

study. PPD was chosen as the second recall Ag because tuberculosis is endemic in Kenya 

and the Kenyan immunization policy recommends bacilli cealmette guemin (BCG) 

vaccination at birth. Thus, most individuals have been previously exposed to this Ag as well. 

3.3 HIV-1 Raistant Women Diner From Susceptible As Weil As Low Risk Kenyan 

Women In Their Responsiveness To Type4 Promoting Agents 

This was tested by characterizhg the E N - y  responses to type-1 promoting agents 

(viz, IL-12 and IP-IO) on W - I  mediated activation among resistant and susceptible 

women, and IFN-y responses to IL- 12 and IP- 1 O on SK and PPD Ag mediated activation 

among resistant and low risk women. IL-12 was chosen as it has a key role in the 

development of Th1 responses while IP-IO, a CC chemokine, has recently been shown to 

promote IFN-y responses. 

3.4 BTV-1 Resistant Women Diner From Suscephile As Well As Low Risk Kenyan 

Women In Their Plasma IgE Profiles 

This was tested by measuring plasma levels of HIV-specific and allergai specinc IgE 

as well as total plasma IgE among the above three groups of subjects. The allergens chosen 

were houe dust mite (HDM) and cat Ag. Both of these allergens are ubiquitous and can 

induce and bind specifically to IgE. 





MATEXUALS AND METHODS 

1. SUBJECTS 

1.1 HIV-1 Resistant Women 

A cornrnunity based cohort of prostitutes was established in a slum area of Nairobi, 

Kenya (Simonsen 1990; Plummer et al, 1991) in 198 1 for studying sexuaily transmitted 

infections (STIs) and later studies focussed on the nsk factors for H N - I  seroconversion. 

Since then, 1730 women have been enrolled and foliowed in the study cohort. At enroliment, 

women were asked in a standard ioteMew about demographic information, sexual 

behaviour, duration of prostitution, number of sex partners per day, number of regular 

partners, condom use, and reproductive history. A physical examination, including a genital 

examination, was also done. Endocenrical swabs were obtained to test for gonococcal and 

chlamydia1 infections, and samples of peripheral blood were taken for HIV- 1 and syphilis 

serology, T ce11 subset determination, and isolation of PBMCs. These women were seen 

routinely every six months (Plummer et al, 1991) but were f?ee to attend the shdy clinic for 

any acute condition. At each visit, information on sexual behaviour, contraception, and 

condom use during the previous six months was couected, and a physical examination and 

laboratory studies for STIs and H N - I  were repeated. 

AU women in the shidy were tested for the presence of HIV-1 Abs with commerical 

enzyme immunoassays (EIA) (HTLV-III ELISA [Dupont] nom 1 985-88; VIRONOSTIKA 

[Organon Technika] from 1988-90; Detect W - 1  [IAF Biochem] nom 1990-92 and 

ENZYGNOST HHN-112 EIA [Behring] from 199 1 onwards). Al1 seroconversions were 

c o b e d  by immunoblot (Novopath Immunoblot, BIORAD) until 1991 and then by 

RECOMBIGEN HIV-IR EIA (Cambridge Biotech). All women who were negative by EIA 
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were c o h e d  negative by ixnrnunoblot on at l e s t  one occasion (Plummer et al, 1991). 

PBMC fiom persistently HIV-I seronegative women were tested on one or more occasions 

with PCR assay (Dawood et al, 1992). The i h i t  of detection of this assay is 3.8 Wal copies 

per 150,000 cells. Seroconversion was d e h e d  as a positive HIV- 1 EIA, and a positive 

immunoblot or confinnatory EIA for women who were previously seronegative. HIV-1 

resistant women were defined as those who worked as prostitutes for three or more years 

during the study period and who remallied seronegative and PCR negative for HIV-1 (Fowke 

et al, 1996). 

At enrollment, 1059 (62.8%) of the 1730 women were HIV- 1 positive. The remaining 

671 women, initially HIV-I seronegative, were enrolled in a nested study of risk factors for 

HIV-1 seroconversion of whom 439 women were followed up for 1-12 years. Of these 439 

seronegative women, 277 seroconverted to HN- 1 despite prevention efforts (Ngugi et al, 

1988). The oved l  HIv-1 seroincidence was 42 per LOO person-years. In 1986, 12% of 

clients were HIV- 1 seropositive (Simonsen et al, 1988). The prevalence has since increased 

substantirilly to -25%. The average minimum number of unprotected sexual exposures of 

HIV-1 per year for women in the cohort was estimated to have increased fiom 24 in 1984 to 

64 in 1994. Women followed for the entire period of the study would have experienced -500 

unprotected exposures to HIV- 1. 

A group of 85 women enrolled in this study between 1985 and the end of 1990 have 

been identified as resistant to HIV-1 as defined previously. All have remained healthy with 

no clinical evidence of HIV- 1 infection or immunodeficiency,and have nomal CD4 T ce11 

counts (>500/mi). They do not differ fhm other prostitutes who seroconvert to HIV-1 with 
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respect to sexual behaviours (eg., condom use) or susceptibility to transmission cofacton 

such as other STI (Fowke et al, 1996). 

1.2 EIV-1 Susceptible Women 

HIV-1 susceptible women included Ui this study were prostitutes in the cohort 

descnbed above, who had tested HIV-1 Ab positive by ELISAs and had been confimied 

positive by Western blot and PCR All the susceptible women included in this study had 

CD4 counts of S00/ml (CDC stage 1). 

1.3 Low Risk Unexposed -1 Negative Women 

HIV-1 seronegative individuals (negative controls) included in this study were 

Kenyan mothers at low nsk for acquiring HIV-1 infection. These women were non- 

prostitutes and were attending an antenatal c h i c  a s  a part of an ongoing Matemal and Child 

Health study (MCH shidy) which was initiated in 1986. These women are exarnined 

physically, screened for HIV-1 Ab by ELISA (Datta et al, 1994), and routinely followed up. 

Those women who were non-pregnant at the time of this study were included as low risk; 

presumably unexposed HIV- 1 negative subjects. 

2. MATERXALS 

2.1 Chernicals and Reagents 

Hydrochloric acid, ethyl alcohol, sodium azide, sodium phosphate monobasic, 

sodium carbonate, sodium bicarbonate and pdormddehyde were purchased fiom CanLab 

(Winnipeg, MB); bovine senun albumin (BS A), P-nitropheny 1 phosphate (PNPP), 

histopaque-1077 and EDTA f?om Sigma Chernical Co. (St. Louis, MO); sodium chloride, 

Tween 20 and sodium hydroxide 6om Malhckrodt Canada Inc. (Missisuaga, ON); 
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g lutaraldehyde and 2-Mercap toethanol £iom Kodak (Rochester, NY); trypan bB lue from 

Matheson Coleman and Bell (Ohio, USA). Hank's balanced salt solution W S S ) ,  L- 

g l u m e ,  penicillin, streptomycin and fûngizone fiom Flow Laboratries (Mclean, W); 

RPMI 1640 from Gibco Laboratories Life Technologies, Inc. (Grand Island, NY). DMSO 

and 2-propanol from Fisher Scientific (Ottawa, ON); and streptavidin-alkaline phosphatase 

fiom Jackson ImmunoResearch Laboratories (West Grove, PA). 

2.2 Antigens 

Psoraiene inactivated HIV- 1, was purchased fiam Advanced Biotechnologies Inc., 

Maryland, USA. According to the manufacturer's specifications, the virus was propagated 

into H9 celi h e ,  direct pelleted, and suspended into culture medium (RPMi with 10% fetd 

calf senun FCS] containing gentamycin). The stock Wal particle count was 1.27~10'~ virus 

particlesJm1 and TCID, was 107-' /ml. This Wus was titrated in H9 cells over a four week 

penod with end point deterrnination by HIV-1 P24 capture assay. The viral titre was 

calculated by Karber's method. 

SK (a kind gift ikom Hoechst-Roussel Canada Inc., Quebec), PPD (Tubersol, 

Connaught Laboratones, Toronto, ON), HDM allergen extract (ALLERGENIC EXTRACT 

FROM Dennatophagoides pteronissim1cs, ALK, Allergologisk Laboratones, Denmark), and 

cat hair allergenic extract (containing Fe[ dl [the major cat allergen], ALK SQ, Denmark) 

were used. 

2.3 Mitogens 

PHA was purchased f?om Difco (Detroit, MI). Anti-CD3 rnAb was OKT3 Ab 

purified fiom hybridomas obtained nom the American Type Culture Collection, Rockville, 

MD. This Ab preparation was routinely used in Dr. HayGlass's Lab. 
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2.4 Recombinant Proteins 

Recombinant human IL-4, IL-5, IL-10, IL-13 and IL-12 were purchased from 

Phamiingen. Human rIP-10 was purchased fkom PeproTech (Rocky Hill, NJ). 

2.5 Antibodies 

Capture Abs for IFN-y, IL4 and IL-5, as well as biotinylated Abs for IM-y ,  IL-4, 

IL-5, IL40 and IL-13 were purchased fiom P h d g e n  Canada. Coating Abs for IL- 1 O and 

IL4 3 were hybridoma Abs grown and tested in Dr. HayGlass's laboratory. 

For IgE ELISA, mouse anti-human IgE (IgG isotype), and biotinylated goat anti- 

mouse IgG + M (H+L) (Jackson Immunoresearch Laboratones, Inc.) were used. 

2.6 Plasma Samples 

The plasma samples collected frorn Kenyan women were h z e n  at -20°C and shipped 

to Winnipeg. The samples were thawed at the t h e  of Ab rneasurements. 

2.7 ELISA Buf'fers 

The coating buffer was a bicarbonate buffer of pH 9.6. M e r  coating, plates were 

blocked with a phosphate buffered saline (PBS) containing 1 % BSA, and NaN, 0.02%. All 

samples, standards and developing reagents were diluted in PBS containhg 0.5% BSA, 

0.05% tween 20 and NaN, 0.02%, with a final pH of 7.4. The substrate PNPP was dissolved 

in a buffer containing MgC12.6H20 and dissolved in diethanolamine at pH 9.8. ELISAS 

were developed with streptavidin alkaline phosphatase conjugate and were used at the 

optimized concentration of 1:4000. Al1 ELISA results were obtained by reading the 

absorbance at dual wavelength 405-690 m. 



3. METHODS 

3.1 Development of Sensitive Cytokine Specific and IgE ELISAs 

Sensitive cytokine assays based on the sandwich ELISA principle were established 

for measuring cytokine protein production. 

3.1.1 IFN-y ELISA 

The capture and biotinylated anti-human IFN-y Abs (Phamüngen) were used 

for establishing the ELISA. For this, ELISA plates were coated with different 

concentrations of the capture Ab (purified mouse anti-human EN-~ and incubated 

ovemight at 4OC. The plates were blocked at 37OC for three hours with blocking 

buffer. IFN-y containing standard was calibrated against human IFN-y reference 

reagent Gg23-901-530 (specific activîty 7 x 1o5u/rng, 1 NDI u n i H  15 pg provided 

by Dr. C. Laughlin, NIAID, Bethesda, MD) added at a concentration fkom 20-0.3 1 

Ulm1 (seven 2-fold dilutions). No samples were added to two wells in each plate to 

measure the background colour. Each coated concentration of capture Ab was then 

developed individually with different concentrations of the biotinylated mouse anti- 

human IFN-y (Pharmingen). After ovemight incubation at 4OC, the plates were 

developed with streptavidin alkaline phosphatase conjugate for 45 minutes at 37OC 

followed by the addition of PNPP substrate table&. Optical density was measured at 

the 405-690 filter at different time points (30,60,90 and 120 minutes). The maximal 

window was detennined for each combination at dairent time points by taking into 

consideration the linearity of curve, low background and maximum range of 

absorbante obtained. The optimized conditions were then used for assaying IFN-y 

production throughout this study. 
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3.1.2 IL4 ELISA 

An ultrasensitive sandwich ELISA, established in Dr. HayGlassfs laboratoiy, 

(Gangur et al, 1998) was used in this study to measure Ag dr iva  IL-4 production. 

This assay typically had a sensitivity of 0.45-0.9 pg/ml. A recombinant hurnan IL-4 

standard of specific activity equivalent to that of the WHO standard 88/656 (Mire- 

Sluis et 21, 1996) was used in this ELISA. 

3.1.3 IL-5 ELISA 

The capture and biotinylated anti-human IL-5 Abs (Phanningen) were used 

for establishing this ELISA. ELISA plates were coated with different concentrations 

of the caphire Ab (purified rat anti-human IL-5 mAb; clone TRFKS) and incubated 

ovenight at 4 "C. The plates were blocked at 37 OC for tbree hours with blocking 

buffer. The sample was rIL-5 (Pharmingen) added at a concentration fiom 1000-7.8 

pg/ml (seven 2-fold dilutions). No samples were added to two rows to measure the 

background absorbance. Each coated concentration was then developed individually 

with different concentrations of the biotinylated rat anti-human IL-5 mAb. M e r  

overnight incubation at 4'C, the plates were developed with strep tavidin aikaline 

phosphatase conjugate for 45 minutes at 37 OC, followed by the addition of PNPP 

substrate. Optical density was measured at 405-690 nm filter at different t h e  points. 

Optimal conditions were deduced as described above. 

3.1.4 IL-1 O ELISA 

The IL40 ELISA was established using the combination of a capture mAb 

(obtained h m  a hybndoma clone JES3- l9Fl. 1.1) and a biotioylaied rat anti-human 

IL-10 mAb (Pharmingen). Anti-human IL-10 mAb was coated overnight at 4°C. 
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Recombinant IL10 (Pharmingen), in 2-fold dilutions fiom 500 pg/ml to 3.8 pg/ml, 

was added as the sample and the plate incubated at 37 O C  for 5 hours. Biotinylated 

anti-humau IL40 mAb was then added. Mer  ovemight incubation at 4OC, the plate 

was developed with streptavidin alkaline phosphatase followed by the addition of 

substrate. The plates were read at 30, 60 and 90 minutes. Optimal conditions were 

determined as described previously. 

3.1.5 IL-13 ELISA 

An ELISA established in Dr. HayGlass's laboratory was used in this study to 

assay Ag dnven IL43 production. The capture Ab was hybridoma grown (clone 

E S  1 0-5A2, ATCC), biopilot purified anti-human IL- 13, and the development Ab 

was bio tinylated rabbit anti-human IL- 13 (Phanningen). This assay routinely had a 

sensitivity of 1.05 pg/ml. Recombinant human IL-13 (PeproTech) was used as a 

standard in this ELISA. 

3.1.6 IgE ELISA 

Of al1 the immunoglobulins (Igs) in the plasma, IgE is generally present in 

the lowest level @g to ng/ml). Furthemore, Ag specific IgE Ab is present in much 

lower concetrations. Therefore, ultrasensitive IgE assays were established based on 

the principle of sandwich ELISA as described below. 

3.1.6.1 Antigen specific IgE Ab ELISA 

3.1.6.1-1 KIV-1 smecific ELISA: HIV-I whole virus 

Lysate precoated plates (Genetic Systems, Inc.) were used for this 

assay. Plates were blocked at 37 OC for 3 hours with blocking buffer. 

Plasma sample was then added and seridly diluted (four 2-fold 
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dilutions each) and incubated ovemight at 4°C. Monoclonal mouse 

anti-human IgE Ab ml21 hybridoma Ab prepared in Dr. 

HayGlassls laboratory; IgG isotype) was added and incubated 

overnight at 4°C. The following day, biotinylated anti-mouse IgG Ab 

(biotinylated goat anti-mouse IgG + IgM [H+L], Jackson 

Immunoresearch Laboratories, Inc.) was added. M e r  overnight 

incubation at 4OC, the plates were developed with streptavidin 

alkaline phosphatase for 45 minutes at 37°C foilowed by the addition 

of PNPP substrate. Optical density was rneasured at 405-690 nm at 

different time points (30 minutes and then every hour to a maximum 

of 6 hours). The assay was repeated several &es to obtain a proper 

initial dilution of plasma for meamring the IgE Ab and avoiding non- 

specific background. Positive control s e m  samples, supplied with 

the kit and also fiom previously characterized HIV-1 positive 

patients, were always included in the assays. Negative control serum, 

supplied with the kit and the s e m  samples h m  known seronegative 

volunteen, or plasmas IÏom subjects with ailergic disease, were 

included in the assays to ensure the Ag specificity as well as the 

isotype of the Ab measured. 

The plasma sarnple giving the best window was detemined 

and used as an intemal standard for al1 HIV-I specific IgE measured 

in this study. For detemiining the maximal window, the optical 

densitiy obtained with each combination of the capture Ag ai 
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different time points was compared by taking into consideration the 

linearity of curve, low background and maximum range of 

absorbante. The data is expressed as the actual optical density values 

obtained at the dual wavelength of 405-690 nm. These optimized 

conditions were then used for assaying W - 1  specific IgE Ab levels 

in plasma throughout this study. 

3.1.6.1.2 Cat allergen s~ecific I d  ELISA. Plates were 

coated with a standardized cat haU extract containing Fel dl (Nordic 

Merrel Dow Research, Alk SQ, Denmark) at two different 

concentrations. Plates were incubated ovemight at 4OC. The followiog 

day, plates were blocked at 3PC for 3 hours with blocking buffér and 

plasma samples (n=S) fiom previously characterised cat allergic 

subjects were serially diluted (seven 2-fold dilutions each) and 

incubated ovemight at 4OC. The ELISA was carried out and optical 

coating allergen concentration was deduced as describecl for the HIV- 

1 -1g.E ELISA procedure. These optimized conditions were then used 

for assaying cat specific IgE Ab levels in the plasma An intemal 

standard containing cat specific IgE Ab (1000 UniWml) was included 

in each assay. Cat specific IgE Ab levels in each plasma sample were 

detemiined fkom quadruplicate estimations falling on the Iinear part 

of the standard curve generated using the interna1 standard in each 

plate and expressed as arbitrary units/ml. 
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3.1.6.1.3 HDM specific IEE ELISA. Standardized mite 

Dennatophagoides pteronyssim us exudate (ALK Allergologisk 

Laboraiones, Denmark) was coated at two different concentrations. 

Plates were incubated ovemight at 4OC. nie followhg day, plates 

were blocked at 37OC for 3 hours with blocking buffer and plasma 

samples (n=5) fkom previously characterised allergic subjects was 

added and senally diluted (seven 2-fold dilutions each) and were 

incubated ovemight at 4OC. The ELISA was c d e d  out and optical 

coating allergen concentration was deduced as described for the HIV- 

1-IgE ELISA procedure. These optimized conditions were then used 

for assaying HDM specific IgE Ab levels in the plasma. An intemal 

standard containing HDM specific IgE Ab (1000 unitshnl) was 

included in each assay. Mite specific IgE Ab levels in each plasma 

sample was detemiined fkom quadniplicate estimations f d h g  on the 

linear part of the standard curve, generated using the intemal standard 

in each plate and expresssed in arbitrary uniWml. 

3.1.6.2 Total plasma IgE (TI@) ELISA ELISA plates were coated 

with a monoclonal mouse anti-human IgE Ab (Serotec, Canada). Plates were 

incubated ovemight at CC. The following day, plates were blocked at 37OC 

for 3 hours with blocking buffer and plasma sarnples were added and diluted 

(seven 2-fold dilutions each). An intemd standard IgE (whose IgE 

concentration was kindly detennined and reported by Johns Hopkins 

University, USA) was included in each assay. The b t  developing Ab 
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(sheep anti-hurnan epsilon chah Ab) was added and incubated overnight at 

CC. The following day, a second Ab [biotinylated goat anti-mouse IgG + 

IgM (H+L), Jackson Immunoresearch Laboratories, Inc.] was added at six 

different final concentrations. M e r  ovenüght incubation at 4OC, the plates 

were developed with streptavidin aikaline phosphatase conjugate for 45 

minutes at 3TC, followed by the addition of PNPP substrate. Optical density 

was measured at 405-690 nm at different tirne points (30, 60 and 120 

minutes). Optimal concentrations of developing Abs were deduced as 

described before. These optimized conditions were used in al1 assays. Total 

IgE levels in each plasma sample was detennined fiom quadruplicate 

titration, falling on the h e a r  part of the standard cuve generated on each 

plate using the intemal standard and expressed in ng/ml. 

3.2 Isolation of Peripheral Blood Mononuclear Cells (PBMCs) 

Whole blood (25 ml) was collected into citrate tubes. Blood was layered on 

histopaque-1077 (Sigma) for 30 minutes at 1600 rpm. Plasma sarnples were collected h m  

the top layer and sent for serological test for HIV-1. An aliquot of plasma was fiozen at - 

20°C. unmidiately following the plasma collection, PBMC were collected h m  the interface, 

washed three times with 0.15 N NaCl counted and viability determined by the trypan blue 

exclusion method. Cells were either used immediately or &ozen under iiquid nitrogen. 

3.3 Long-Term Storage of PBMC 

3.3.1 Freezing of PBMC 

PBMC to be frozen were counted on a hemocytometer and then pelleted by 

centrifuging ai 400xg (1500 rpm) for 5 minutes. The supernatant was discardeci and 
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the ce11 pellet was resuspended in ice cold fieezing medium to yield a h a i  ce11 

conceniration of 10 millionfml. The resuspended ceils were transfmed to prechilIed, 

labelled cryovials with silicon gasket (Nalgene) in 1 ml aliquots. The lid of the 

cryovials was tightened and immediately transferred to a prechilled ce11 fkeezing 

apparatus (Ndgene), where cells were stored overnight at -80°C. Cxyovials were then 

transfmd to iiquid nitmgen tanks. The fieezing solution containeci 50% FCS, 42.5% 

RPMI 1640 and 7.5% DMSO and was cooled on ice before use. The f3ozen cells 

were kept in liquid nitrogen until they were h;uisported to Winnipeg. They were 

thawed when required. 

3.3.2 Thawing of frozen PBMC 

The cryovials containing cells of interest were removed f?om the liquid 

nitrogen and lowered into a 37°C waterbath until some ice remained. The vial was 

taken into a laminar flow hood where it was opened while wrapped in an ethanol 

swab. The contents of the cryovial were gently resuspended and transferred to a tube 

containg ice cold culture medium (13 ml) and mixed. The cells were pelleted by 

centrifuging at 1500 rpm for 5 minutes. The supematants were poured on and cells 

were gently resuspended in to 2-3 ml of culture medium. A small aliquot was stained 

with trypan blue for viability estimations. PBMC with a viability of >92 % wae used 

in the experiments. 

3.4 CeU Culture 

3.4.1 EstabMment of a short-term ceii cultare system to measare Ag driven 

cytokine responses 

A short-term bulk ce11 dture systern was established using PBMC isolated 
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fiom Kenyan subjects. Collected fresh blood was subjected to density gradient 

centrifugation to isolate mononuclear cells as describeci before. Isolated PBMC were 

either used fiesh, or hzen  and later thawed when required. PBMC were assessed for 

viability using trypan blue dye exclusion and were used for culture only when the 

viability was >92%. Cultures were set up following standard huma. ce11 culture 

protocols. The optimal ce11 concentration of 1.5 x 106/ml, established in Dr 

HayGlass's laboratory was used. 

For assessing cytokine responses, the following culture conditions were 

optirnized: 1) concentration of each Ag and the polyclonai activator used; and 2) days 

of ce11 culture to hawest supernatant 

3.4.2 Estimation of cytokine protein concentration in culture supernatant 

Cytokine levels in various culture supematants were measured following 

titrations of 4-8 dilutions falling on the linear part of the standard curve generated on 

each plate for the cytokine-specific ELISAs employed. The data presented represent 

means (+SEM) of quadruplicate determinations for each cytokine. 

3.4.3 Optimization of culture conditions for assaying HN-1 specifie cytokine 

responses 

Initial experiment s were carried out with di fferent virus concentrations to 

detemiine the optimal concentration for use in later assays. For this, PBMC fi on^ 

three resistant wornen were used Three sets of replicate cultures were set up for each 

concentration and supernatants were harvested on different days fiom each set to 

determine the kinetics of cytokine responses following virus stimulation. PBMC 

were cultureci at 1.5 x 1 06/ml in 200 ul complete tissue culture medium P M I  1640 
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supplemented with 2 mM L-glutamine, 50 u M  2-mercaptoethanol, 100 uniWml 

penicillin, 100 u g M  streptomycin, 100 uniWml h g b n n e ,  and 10% heat-inactivated 

FCS) in the absence and presence of different concentrations of inactivated HIV-1, 

(1.25 x 1 06, 1 Os* 1 O *  1 03* and 1 @ VP (Wal particles)/rnl). Cultures were incubated at 

37OC and supematants were harvested fiom respective sets on days 4,6 md 8. The 

supematants were analyzed for IFN-y, IL-4, IL-5, IL10 and IL-13 by ELISA. ï he  

concentration of virus and days of culture for optimal cytokine response were 

determined, taking into consideration peak virus dnven cytokine synthesis and days 

of culture, and minimum background cytokine production. 

In the case of I L 4  no detectable HTV-1 driven IL-4 synthesis was evident 

among resistant women. Hence, to determine optimal virus concentration for IL4 

production, PBMC fiorn two HIV-1 susceptible Kenyan women were used. These 

experiments were essentially set up in the same way as above, and optimal conditions 

were detennined. 

3.4.3.1 Determination of the effect of psoralene on cytokine 

production: Since psoralene was used for HIV-1, inactivation, its effect on 

cytokine production was examined. For this, a sarnple of the same brand of 

psoralene as that used for HIV-1, inactivation, was obtahed h m  the 

manufacturer and added to SK at the same concentration as present in the 

supplied product (0.00001 uglml). Cultures were set up with SK, without SK, 

and with psoralene plus SK. Supernatants were harvested on the previously 

preoptimized day and cytokine production was detennined. Effect of 

psoralene on Ag driven cytokine production was assessed. 
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3.4.3.2 Determination of the specificity of virus induced cytokine 

responses: To determine that the cytokine response induced is indeed 

specific to HIV-1, virus driven cytokine responses of knom HIV-1 

seronegative and PCR negative, presumably unexposed low risk Kenyan 

women, were examined. PBMC, stimulated with the optimized concentration 

of viral preparation and culture supernatants, were harvested on the optimized 

day. S upernatants ob tained were analyzed for various cytokines and 

specificity of cytokine response to HIV-1 was assessed. 

3.4.4 Optimization of culture conditions for SK Ag driven cytokine responses 

To determine the optimal concentration and kinetics of cytokine responses 

following in vitro stimulation with SK Ag, PBMC from two hown HIV-l 

seronegative and PCR negative, presumably HIV-1 unexposed, Kenyans were 

cultured in the absence or presence of different concentrations of SK (at 1000,5000, 

25000 and 50,000 Uhl ) .  Four sets of replicate cultures (for each different day of 

harvest) were set up with the above concentrations of SK Culture supematants were 

collected on days 1,2,4 and 6 fkom the representative set. Various cytokines were 

assayed by ELISA and the optimal conditions deduced. 

3.4.5 Optimization of culture conditions for PPD Ag mediated cytokine 

responses 

To detemine the optimal concentration and kinetics of cytokine responses 

following in vitm stimulation with PPD, PBMC h m  two known HN-1 seronegdve 

and PCR negative, presumably HIV-I unexposed, Kenyan women (low nsk women) 

were cdtured in the absence or presence of different concentratiom of PPD (at 5 and 
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50 tuberculin units [w/ml) .  Three sets of replicate cultures for each different day 

of harvest were set up. Culture supematants were collected on days 4,6 and 8, and 

various cytokines were measured by ELISA. Optimal conditions were deduced as 

described before. 

3.4.6 Optirnization of culture conditions for PHA driven cytokine responses 

PBMC isolated fkom two healthy abjects were used for determining optimal 

PHA concentrations and the optimal day for the harvest of culture supernatant. A 

replicate set of cultures were set up with 1.5 x 106/ml PBMC in the absence or 

presence of two different concentrations of PHA-P (1% and 5%). Supernatants were 

harvested at two different time points (48 and 96 h o u )  after stimulation. Various 

cytokine levels were measured by ELISA, and the optimal concentration and the day 

of harvest were determuied. 

3.4.7 Optimization of culture conditions for anti-CD3 mAb driven cytokine 

responses 

The conditions preoptimized in Dr. HayGlass's laboratory were used in aii 

experiments done in this study (Gangur et ai, 1 998). 

3.5 Analysis of IL-12 and IP-10 Responsiveness 

3.5.1 Analysis of IL42 responsiveness among Kenyan women 

In the experiments presented, al1 conditions employed were similar to that 

descnbed in the previous section. The concentrations of rIL- 12 and rIP- 10 used in 

these experirnents were based on previous results nom Dr. HayGlass's laboratory 

(HayGlass et al, 1997; Gangur et al, 1998). 

For each subject, cultures were set up in the absence of stimuli, in presence 
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of rIL-12 alone (Phanningen, Canada), in HIV- 1,1.25 x 1 o2 and 1.25 x 1 O' VP/ml 

(AB 1 diagnostics, Maryland, USA)), in PPDat 5 tuberclin uniWml (Connaught 

Laboratories, ON) and in SK at 5000 U/mi (Streptase, Hoechst). To examine the IL- 

12 responsiveness, cultures were set up with and without these stimuli plus riL-12 

at 25 and LOO pgM. These concentrations were selected based upon experirnents in 

Dr. HayGlass's laboratory. The concentrations selected are at or below the range of 

IL- 1 2 synthesis typically observed fo llowing bacterial Ag (SAC) rnediated 

stimulation of fie& PBMC (data not shown). Culture supernatants were collected on 

days 4 and 6. IL12 responsiveness was measured as the capacity of fksh PBMC to 

mount IFN-y responses to the abave concentrations of exogenous rIL-12. Peak IM-y  

protein leveIs were detennined as described before, and were used as a read out for 

these experiments. 

3.5.2 Analysis of IP-10 responsiveness among Kenyan women 

For each rubject, cultures were set up in the absence of stimuli, in presence 

of rIP-10 alone (FkproTech, Rocky Hill, NJ, endotoxin 0.03 1 ng/mg), with HIV-1,. 

at 1.25 x 1 @ and 1.25 x 101 VPIml (BI-Diagnostics, Maryland, USA), with PPD at 

5 Tü/rnl (Co~aught  Laboratories, ON), and with SK at 5000 U / d  (Streptase, 

Hoechst). To examine the IP-10 responsiveness, cultures were set up with and 

without these stimuli plus rIP-IO at 0.1 and 1 ng/ml. IP-10 responsiveness was 

measured as IFN-y response to exogenous P- 1 O. Culture supematants were collected 

on days 4 and 6. Peak IFN-y protein levels were detennined as described before, and 

were used as a read out for these experiments. 
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4. STATISTICAL ANALYSIS 

The data are expressed as median and range for each of the groups. Medians were 

chosen instead of means because they are less influenced by the outlier values. Statisticai 

significance between the groups was d e t d e d  by a non-parametric Mann-Whitney U test. 

The difference in the fiequency of responders between the groups was evaluated for 

significance by Fisher's exact test. The statistical significance cut-off value used for both 

Mann-Whitney and Fisher's test in this study was at a level of 0.05. 



1 OPTIMEATION OF EXPERIMENTAL CONDITIONS 

1.1 Optimization of Cytokine Specific ELISAs 

Optimization of the ELISA parameters for measuring IFN-y protein levels was done 

as described in the Methods Section. The sensitivity of the assay was routinely -0.3 U/ml 

(Figure 1). Optimization of the parameters for measuring IL-5 production was done as 

described in Methods. The detection limit of the assay was routinely 4 pgM. Optimization 

of the parameters for measuring IL- 1 0 production was done as descnbed in Methods. The 

detection i h i t  was routinely -8 pglml. The sensitivity of the IL-4 ELISA (-0.45 p d d )  used 

in this study is shown in Figure 2. 

1.2 Establishment of Short-Term b Vitro Culture System to Measure Cytokine 

Responses 

A short-terni bdk culture systern was established using PBMC isolated h m  Kenyan 

subjects as  described in Methods. Isolated PBMC were either us& &ah, or îrozen and later 

thawed when required. PBMC were assessed for viability using trypan blue dye exclusion 

and were useci for culture only when the viability was >92%. Cultures were set up following 

standard human cell culture protocols. For assessing cytokine responses, the concentration 

of each Ag, the polyclonal activator used, and days of cell culture were optimized. 

1.2.1 Optimization of culture conditions for assaying HN-1 specifc cytokine 

responses 

Preliminw experimenîs performed to optimize the virus concentration and 

days of culture were conducted using PBMC h m  HIV-I resistant Kenyan women. 



ELISA for estimation of IFN-y protein 
in culture supernatant 

Figure 1. Developlt~ent of a sensitive I%1V- y ELISA. This figure shows the standard curve 
generated on each ELISA plate for estimation of IFN-y protein levels in the culture 
supernatants. The figure shows the sensitivity of assay (typically - 0.3 1 U/ml) used.The Y 
axis indides the optical d e  at 405-690 m. The X-axis indicates various concentrations 
of hurnan D M - y  in U/ml. 



ELISA for estimation of 11-4 protein 

in culture supernatant 

Recombinant human IL-4 (pglml) 

Figure 2. Surrtiviily of lZ-4 ELISA. This figure shows the standard curve generated on 
each ELISA plate for estimation of I L 4  protein ievels in the culture supematants. The figure 
shows the sensitivity of assay (typicdy - 0.45 pdml) used. The Y axis indicates the opticai 
density at 405690 nm. The X-axîs indicates various concentrations of human rIL-4 @g/ml). 
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1.2.1.1 IFN-y: Optimization experirnents done using PBMC k m  two 

resistant women (as described in the Methods Section) reveaied that peak virus 

driven EN-y response was observeci with 1 25x 102 or 1 . 2 5 ~  101 vp/ml on day 6 of the 

culture. Therefore, both concentrations of Wus were used for al1 the experirnents. 

Results fiom one representative subject of the three shidied is shown in Figure 3. 

1.2.1.2 IIr4: PBMC isulated h m  two resistant women were cdtured 

with a range of concentration of HIV-1 (0-1x106 VP/mi). Culture 

supernatants were collecteci on days 4,6, and 8, and assayed for I L 4  ELISA 

anaiysis revealed that there was no detectable IL-4 production. Hence, for 

evaluaîing the optimal conditions for this cytokine, PBMC from two HIV-1 

susceptible Kenyan women were used. Peak virus driven IL-4 response was 

observed with a virus concentration of 1 . 2 5 ~  1 o2 or 1 . Z x l  O-' VP/d on day 6 

of culture. Results h m  one representative subject of the two studied are 

shown in Figure 4. 

1.2.1.3 1'4: PBMC isolaîed fkom two resistant women were cultureci 

with the virus as descnbed. Peak virus dnven IL-5 response was observed 

with a Wus concentration of 1 .25xlo2 VP/ml or IO3 V P / d  on day 6 of 

culture (Figure 5). 

1.2.1.4 IL-1 0: PBMC isolated fiom two resistant women were 

cultured with the virus as described. Peak virus driven IL10 response was 

observed with a concentration of 1.25~102 and 1 .25x103 VP/ml on day 6. 

Figure 6 shows the results from one of the two representative subjects 

studied. 









Optimlzation of culture conditions: 
Virus concentration and days of culture for IL40 

HIV-1 lllB concentratlon (1.25 x VP/ml) 

Figure 6 Optimùation of'culture conditions for measuring HIV driven L10. PBMCs (1.5 x 106/ml) from HIV resistant 
women were cultured with inactivated HIV IIIB at vanous concentrations as shown on X-axis. Each panel shows IL- 10 levels (as 
indicated on Y-axis) produced in the culture on indicated days of supernatant harvest. Results from one representative subject are 
shown. 
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1.2.1.5 IL-13: PBMC isolated fiom two resistant women were 

cultured with the virus as described in the methods. Peak virus &ven IL-1 0 

response was observed with a concentration of 1.25 x 102 and Io3 V P M  on 

day 6 of the culture. Results fkom one representative subject of the two 

studied are shown (Figure 7). 

1.2.2 Effect of psoralene on cytokine production 

Impact of psoralene on Ag dnven cytokine response was anaiyzed as 

described in the Methods Section. Presence of psoralene at the concentration used did 

not have a significant impact on Ag driven cytokine response. Figure 8 shows the 

results from a representative experiment. 

1.2.3 Determination of the specificity of virus indoced cytokine responses 

To determine that the cytokine responses are recall HIV-1 specific responses, 

cytokine responses of low nsk Kenyan women following virus stimulation were 

examined as described in Methods. These subjects did not generate cytokine 

responses to HIV-1. This confirmed that virus driven cytokine responses among 

resistant women and susceptible women are HIV-1 specific and so, low risk subjects 

were not used as controls for cornparision of HIV-1 specific responses. 

1.2.4 Optimization of culture conditions for assaying SK Ag driven cytokine 

responses 

Experiments using PBMC nom two low risk women were perfomed to 

optimize the SK Ag concentration and days of culture. The peak cytokine responses 

were observed with 5000 U/ml of SK Ag and 6 days of culture. Results fkom one 

representative subject is shown for the indicated cytokines (Figures 9 and 10). 



Oprimizarion ot culture condltlons: 
Virus concentratlon and days of culture 

HIV-1 lllB concentration, 

Figure 7. Optimbtion of culture conditions for measuring HIV-1 driven IL13. PBMCs (1.5 x 106/ml) from HIV- 1 resistant 
women were cultured with inactivated HIV-1 at various concentrations as shown on X-axis. Each panel shows IL- 13 levels (as 
indicated on Y-axis) produced in the culture on indicated days of supernatant harvest. Results from one representative subject are 
shown. 



Figure 8. Effect of psoralene on antigen driven IFN-y synthesis. PBMCs (1.5 x 106/d) 
fiom a heaithy subject were cultured in the absence or presence of streptokinase Ag (5000 
U/d) or streptokmase plus psoralene (at 1 pg/ml) as indicated on X-axis. Y-axis shows IFN- 
y levels produced in the culture. 
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1.2.5 Optirnization of culture conditions for evaluating PPD driven cytokine 

responses 

The optimization experiments were done as described in Methods. Peak 

cytokine responses were observed at a concentration of 5 TU/ml. Day 6 was found 

to be the optimal culture period. Results fiom one representative subject of the two 

studied is shown for indicated cytokines (Figures 11 and 12). 

2. ANALYSIS OF TYPE-1 AND TYPE-2 CYTOKINE RESPONSES OF EN-l 

RESISTANT KENYAN WOMEN 

2.1 Analysis of Type1 and Type-2 Cytokine Responses Among HW-l Resistant and 

Susceptible Kenyan Women 

2.1.1 HIV-1 ,,,, driven type-1 and type-2 cytokine responses among HIV-1 

resistant and susceptible Kenyan women 

In order to dissect the differential role of type-l and type-2 cytokine 

responses underlying resistance or susceptibility to HIV-1 infection, HIV-1 driven 

recall cytokine responses were examined in two groups of Kenyan sex workers - 

HIV-1 resistant versus susceptible women. Thus, PBMC fiom resistant wornen 

(n=14) and susceptible women (n=ll) were cultured using pre-optimized culture 

conditions. Culture supematants were assayed for IFN-y (a prototypic type-1 

cytokine), IL-4, IL4 and IL- 13 (type-2 cytokines), and IL4 0 (neither a type- 1 nor 

type-2 cytokine) by ELISA as described in Methods. 

2.1.1.1 HIV-1 resistant but not susceptible wornen exhibit 

markedly enhanced virus driven IFN-y recaii responses. Results of the 



PPD 
Optimization of culture conditions: 

4g oonoentration and da! 
I 

1 3[ 

I a 

p of culture for IFN-y 

PPD Ag concentration (TU/ml) 

Figure I I .  Optimization of culture conditions for measuring PPD Ag driven IFN-y. PBMCs from Low nsk women were 
cultured with or without PPD Ag at various concentrations as indicated on X-axis. Each panel shows IFN-y production (on Y-axis) 
on indicated days. Results from one representative subject are shown. 



cd)* Optimlzation of culture conditions: 
PPD Ag concentration and days of culture for IL-5 

PPD Ag concentration (TU/ml) 

(b), Optimizatlon of culture conditions: 

PPD Ag concentration (TU/ml) 

Figure 12 (a,b). Optimization of culture conditions for measuring PPD Ag driven IL5 and L I 0  production. PBMCs fiom 
f ~ w  risk women were cultured with or without PPD Ag at various concentrations as indicated on X-axis. IL-5 (lefk panel) and IL4 0 
(right panel) production is shown (on Y-axis) on indicated days. Results from one representative subject are shown. 
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anal ysis of HIV- l -driven IFN-y responses among resistant wornen and 

susceptible women are shown in Figure 13. Of the 14 resistant women 

examineci, 12 (86%) exhibited detectable IFN-y recall response while only 2 

(18 %) of the 11 susceptible women showed detectable IFN-y response to 

HIV-1 (Fisher's p=0.002). Subsequently, the intensity of recall cytokine 

response was analyzed. As evident in Figure 13, the intensity of the v ins  

driva IFN-y production was significantly higher (Mann-Whitney p4.004) 

among the resistant women (median 1.1 U/ml, range 0.3 1 - 16 U h l )  relative 

to the susceptible women (median 0.3 1 U/ml, range 0.3 1-16.6 U/ml). 

2.1.1.2 HIV-I resistant but not susceptible women exhibit 

markedly reduced virus driven recaii IL4 responses. Results of the 

analysis of HIV-l driven recall IL-4 responses among resistant and 

susceptible women are shown in Figure 14. Two (14%) of the 14 resistant 

women examined exhibited detectable IL-4 recall response. In contrast, 10 

(9 1 %) of the 1 1 susceptible women (Fisher's p4.0002) showed detectable 

IL4  response to HIV-1 (Figure 14). Furthemore, intensity of the virus 

driven I L 4  production was significantly higher (Mann-Whitney p4.005) 

among the susceptible women (median 9.3 pg/ml, range 0.45-77.2 p g h l )  

relative to the resistant women (median 0.45 pg/ml, range 0.45-10.6 pg/ml). 

2.1.1.3 HIV-1 resistant women exhibit marginally enhanceci virus 

driven IL-5 responses relative to susceptible women. Results of the 

analysis of HIV-1 driven recall IL-5 responses among resistant and 

susceptible women are show in Figure 1 5. Twelve (86%) of the 14 resistant 



Virus driven iecall IFN-y response among 
HIV resistant and susceptible women 

Figure 13. HWreslStPnt but not susceptible womcn exhibit M y  enhruieed virus 
<lmen m y r e e a l l ~ ~ m e s e s  PBMC (1.5 ~ 1 0 ~ / m l )  were cuitured in the presence of 1.25 
x 102 VP/d and 1.25 x ~d W/ml of inactivated mm. Culture supematants were 
harvested and assayed for IFN-y production (U/d) by ELISA as described. The data 
represents peak IFN-y response of resistant (e ) and susceptible (O) women. Each syrnbol 
represents one subject Horizontal bars represent median values and the broken line indicates 
assay sensitivity. Statistid signincance was determineci by Mann Whitney U test. 



Vlrus driven IL-4 response among 
HIV reslstant and susceptible women 

Figure 14. HIV nsistant, but not resistant women erhibit markdy reduced virus 
driven r d  I L 4  responses. PBMC (1.5 ~10'/ml) were cultured in the presence of 1.25 
x 1 0 ~  VP/ml and 1.25 x ~d VPhl of inactivated HIVm- Cdture supernatants were 
harvested and assayed for IL-4 production (W/ml) by ELISA as descnbed. The data 
represents peak IFN-y response of resistant (0 ) and susceptible @) women. Each symbol 
represents one subject. Horizontal bars represent median values and the broken line indicates 
assay sensitivity. Statistical significance was determined by Mann Whitney U test. 



Virus drlven IL-5 response among 
HIV reslstant and susceptible women 

Figure 15. -1 driven IL5 response ir rnarginaily enhanced among resistant 
compared to susceptible women. PBMC (1.5 X106/ml) were cultured in the presence of 
1 -25 x 1 O* V P f d  and 1.25 x 1 @ VPfml of inaaivated HIV, Culture supematants were 
harvested and assayed for IL4 production (ülml) by ELISA as described. The data 
represents peak IL-5 response of resistant (e ) and susceptible (0) women. Each symbol 
represents one abject. Horizontal bars represent median values and the broken line indicates 
assay sensitivity. Statisticd significance was detennined by Mann Whitney U test. 



73 
women examined exhibited detectable IL-5 recdl response compared with 

4 (36%) of the 1 1 HIV- 1 susceptible women (Fisher's p4.02). As evident in 

Figure 15, the intensity of the virus driven IL-5 production differed 

significantly (Mann-Whitney p=0.046) between the resistant women (median 

71 pg/ml, range 3.9-877 pg/ml) and the susceptible women (median 3.9 

pg/mi, range 3 -9-1 O4 pglml). 

2.1.1.4 W - 1  resistant and susceptible women exhibit 

comparable levels of virus driven IL-13 responses. Results of the analysis 

of HIV-1 driven recall IL43 responses among resistant and susceptible 

women are shown in Figure 16. The fiequency of virus driven IL-13 

responders among resistant women (1 4/14,IOO%) was comparable to the 

susceptible women (8/11,73%; Fisher's p4 .07) .  As shown in Figure 16, the 

intensity of the virus driven IL43 production did not differ statistically 

between the resistant women (median 252 pg/ml; range 67-2 1 76 pg/ml) and 

susceptible women (median 98 pg/mI; range 1-750 pg/ml; Mann-Whitney 

p=ns). 

2.1.1.5 HIV-1 resistant and susceptible women do not diner in 

virus driven IL-10 responses. Results of the analysis of HIV-1-driven 

recall IL-I O responses among resistant and susceptible women are shown 

in Figure 17. The kequency of virus driven IL- IO responders among 

resistant (13/14,93%) and susceptible women was similar (9/11, 82%; 

Fisher's p4.57). The intensity of the virus driven IL-1 0 production did 

not differ statistically between the resistant women (median 32 1 pg/ml, 



Virus driven I L-13 responses among 
HIV resistant and susceptible women 

Figure 16. HTV resistant and susceptible Kenyan women eshibit comparable leveh of 
vkus driven recail L l 3  respoiwes. PBMC (1.5 X106/ml) were cuftured in the presence 
of 1 -25 x ld VPIrnl and 1 -25 x ld VP/d of hactivated Culture supernatants were 
harvested and assayed for IL-13 production &hi) by ELISA as described. The data 
represent peak L l 3  response of resistant (0 ) and susceptible (0) women. Each symbol 
represents one subject. Horizontal bars represent median values and the broken line-hdicates 
assay sensitivity. Statistical sigdïcance was determined by Mann Whitney U test. 



Vlrus driven IL-1 O response among 
resistant and susceptible women 

F i r e  17. HIV-1 resistant and susceptible Kenyan women do not eshibit detectable differences 
in virus driven r d  IL10 responsos. PBMC (1 -5 X106/mI) were ailtured in the presence of 1.25 
x ld VP/ml and 1.25 x 10' W/ml of inactivateci W- 1,. Culture supematants were harvested and 
assayed for IL40 production (Ulml) by ELISA as described. The data represents peak IL-IO 
response of resistant (a) and susceptible (O) women Each symbol represents one subject. Horizontal 
bars represent median values and the broken Line indicates assay sensitivity. Statistical significance 
was d e t e d e d  by Mann-Whitney U test. 
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range 7.8-1017 pg/ml) and susceptible women (median 237 p g / d ,  range 

7.8-935 pg/ml; Mm-Whitney -) (Figure 17). 

2.1.2 Polyclonally (PHA) driven cytokine responses amoag BIV-1 resistant 

and susceptible Kenyan women 

Preliminary experiments were perfoxmed to detennine the optimal 

concentration and day of harvest as Jesmied in Metbods. It was found that 1% PHA 

concentration and two days of culture were optimal for cytokine responses. Al1 

subsequent experiments were performed using these optimized conditions. 

2.1.2.1 PHA driven IFN-y response is marginally enhanced 

among resistant compared to susceptible women: The results of the 

analysis of PHA ciriven iFN-y (type-1 cytokine) responses of resistant and 

susceptible women are shown in Figure 18. The kequency of resistant m d  

susceptible women exhibiting detectable EN-y  synthesis to PHA was 100% 

(1 411 4) and 54 % (6/11), respectively (Fisher's p<0.009). ).en analyzed for 

intensity of respome, resistant women exhibiteci marginally (Mann-Whitney 

p4.047) enhanced levels of PHA driven IFN-y synthesis (median 33.4 U/ml, 

range 5.3-319 U/rnl) compared to susceptible wornen (median, 3.7 U/ml; 

range 0.3 1 -94 U h l )  . 

2.1.2.2 HIV-1 resistant and susceptible women do not d s e r  in 

PEA driven Type2 (LL4, L 5 ,  IL-10, IL-13) cytokine responses. The 

results of the analysis of PHA driva IL-4 responses of resistant and 

susceptible Kenyan women is show in Figure 19. The fiequency of resistant 

and susceptible women exhibithg detectable IL-4 synthesis to PHA was 50% 



PHA driven IFN-y response arnong 
HIV reslstant and susceptible wornen 

Figure 18. PHA driven IFN-y respome às margonaUy enhancd unwng resistkW 
c o m p d  ib suscepfi& womm PBMC (1.5 x 1 06/ml) were cultured in the presence PHA 
(1%)). Culture supernatants were harvested and assayed for lFN-y production (U/ml) by 
ELISA as described. The data represent peak IFN-y response of resistant (*) and 
susceptible (a) women. Each symbol reprïsents one subject. Horizontal bars represent 
median values and the broken line indicates assay sensitivity. Statistical signifïcance was 
detennuled by Mann Whitney U test. 



PHA drlven IL-4 response among 
HIV resistant and susceptible women 

Figure 19. Hn resistant and susceptible women do nui dffet in PHA a v e n  IL4 
responres PBMC (1 -5 X106/ml) were cultured in the presence PKA (1%). Culture 
supematarrts were harvested and assayed for IL4 production @g/ml) by ELISA as described. 
The data represent peak IL4 response of resistant (0)  and susceptible (0) women. Each 
symbol represents one subject. Horizontal bars represent median values and the broken line 
indicates assay sensitivity. Statistical significance was determined by Mann Whitney U test. 
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(7/ 1 4) and 9 1 % (1 O/ 1 1 ), respectively (Fisher's pcO.05). When analyzed for 

the intensity of response, resistant women exhibited comparable Levels of 

PHA driven IL4 synthesis (median 4.8 pghnl, range 0.45-264 pg/rnl) to that 

of susceptible women (median 28.6 pglml, range 0.45-105 pg/ml; Mann- 

Whitney p =O. 16). 

The results of the analysis of PHA dnven IL-5 responses of resistant 

and susceptible women are shown in Figure 20. The fkequency of responders 

among resistant wornen (1 1/14, 79%) and susceptible women (7/1 1, 64%) 

was comparable (Fisher's ~~0.66). Furthemore the intensi ty of response in 

resistant women (median 122 pgM, range 3.94461 pglml) was comparable 

(Mann-Whitney p=O.297) to that in susceptible women (median 5 2.3 pg/ml, 

range 3 .9-408 pg/ml). 

The results of the analysis of PHA driven IL-13 responses of resistant 

and susceptible Kenyan women are shown in Figure 21. The fkequency of 

resistant and susceptible women exhibiting detectable IL-13 synthesis to 

PHA was not different (1 4/14 and 1 1/11, respectively). When analyzed for 

the intensity of response, resistant women exhibited comparable levels 

(Mann- Whitney p=ns) of PHA-driven IL- 13 synthesis (median 832 pg/ml, 

range 2 14-9522) to that of susceptible women (median 472 p d d ,  range 33- 

4147 pg/ml). 

The resuits of the analysis of PHA driven IL- 1 O responses of resistant 

and susceptible Kenyan wornen are show in Figure 22. The fiequency of 

resistant and susceptible women exhibiting detectable IL-IO synthesis to 



PHA driven IL-5 response among 
HIV reslstant and susceptible women 

Figure 20. HN resistant and susceptible wornen do not difler in PHA &+en E-5 
respomes- PBMC (1.5 X106/ml) were cultured in the presence PHA (1%). Culture 
supematants were harvested and assayed for 5 5  production @g/ml) by ELISA as described. 
The data represent peak IL-5 response of resistant (a ) and susceptible (a) women. Each 
symbol represents one subject. Horizontal bars represent median values and the broken line 
indicates assay sensitivity. Statistical signincance was deterrnined by Mann Whitney U test. 



PHA driven l L-13 response among 
H N  reslstant and susceptible women 

Figure 21. HIV-I resistant and susceptible women do not drffer in PEU dkiven LLZ3 
responses. PBMC (1.5 X106/ml) were cultured in the presence PHA (1%). Culture 
supematants were harvested and assayed for IL43 production @g/rnl) by ELISA as 
described. The data represents peak IL43 response of resistant (a) and susceptible -- (O) 
women. Each symbol represents one subject. Horizontal bars represent median values . 
Statistical sipnincance was detennined by Mann-Whitney U test. 



PHA drlven 11-1 0 response among 
HlV reslstant and susceptible women 

Figure 22. H W I  resi'sant and susceptilble wumen &J not dffm in PHA dnven &IO 
responses. PBMC ( 1  -5 X10~/rnl) were cultured in the presence PHA (1%). Culture 
supernatants were harvested and assayed for IL40 production @g/d) by ELISA as 
describeci. The data represent peak IL-10 response of resistant (0  ) and susceptible (O) 
women. Each symbol represents one subject. Horizontal bars represent median values and the 
broken line hdicates assay sensitivity. Statistical signincance was determined by Mann- 
Whitney U test. 
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PHA was 86% (12/14) and 91% (10/1 l), respectively (Fisher's p-as). When 

analyzed for the intensity of response, resistant women exhibiteci comparable 

levels (Mann-Whitney p=0.56) of PHA-driven IL40 synthesis (median 1228 

pg/ml, range 7.8-2824 pg/ml) to that of susceptible women (median 297 

pg/ml, range 7.8-2 1 19 pg/ml). 

Together, these data provide evidence that resistance or susceptiiility to HIV- 

1 infection among Kenyan women is associated with enhanced PHA driven type4 

(EN-y )  and similar type-2 (IL-4, IL-5 IL-IO, IL-1 3) cytokine synthesis. 

2.1.3 Analysis of type-2:type-1 cytokine balance among resistant and 

susceptible Kenyan women 

2.1.3.1 RIV-1 driven type2:type-1 ratio in resistant versus 

susceptible women. For each subject, the ratios of IL-4:IFN-y, IL-5:IFN-y, 

IL-13:IFN-y, and IL-10:IFN-y were determined using the data for each 

cytokine obtained following HIV-1 mediated activation. The results of this 

analysis are s h o w  in Figure 23. The ratio of IL-4:DFN-y was significantly 

lower (Mann-Whitney p=û.0002) among resistant women (median 0.503, 

range 0.028-33.2) relative to the susceptible women (median 30.09, range 

0.74-249). In marked contrast, the two groups did not differ in other type- 

2:type- 1 ratios examined: IL- 13:IFN-y (resistant women: median 0.199, range 

0.022-0.803; susceptible women: median 0.60, range 0.0032-2.42; Mann- 

Whitney p=ns); IL-5:IFN-y (raistant women: median 28.95, range 0.326- 

1414.5; susceptible women: median 12.58, range 1.13-335.5; Mann-Whitney 

-) and IL-1O:IFN-y (resistant women: median 175.7, range 0.332-819.4; 
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susceptible women: median 138.7, range 24.3-3016; Mann-Whitney p=ns). 

Together, these data provide evidence for selective imbalance in Wus driven 

IL-4:IFN-y but not IL-13:IM-y, IL-5:IF'N-y, or IL-10:IFN-y among resistant 

relative to the susceptible women. 

2.1.3.2 PHA driven type-2:type-1 cytokine ratio in resistant 

versus susceptible women. For each subject, the ratios of IL-4:IFN-y, IL- 

5:IFN-y, IL- 13:IM-y, and IL-1 0:IFN-y were determined using the data for 

each cytokine obtained following PHA mediated activation. The results of 

this analysis are s h o w  in Figure 24. The relative balance of IL-4:IFN-y was 

significant ly di fferent (Mann- Whitney p=û. 006) between the resistant 

(median 0.146, range 0.00 1-4.83) and susceptible groups (median 1.229, 

range ,O. 17-337.7). In contrast, the two groups did not differ markedly in 

other type-2: type- 1 ratios examined: IL-1 3:IFN-y (resistant women: median 

0.0482, range 0.0033-0.834; susceptible women: median 0.106, range 0.012- 

10.42; Mann-Whitney p=ns); IL-5:IFN-y (resistant women: median 1.43, 

range 0.326- 123.23; susceptible women: median 4.34, range 0.92-787; Mann- 

Whitney p=n~) and IL-1O:IFN-y (resistant women: median 15.52, range 1.24- 

393.2; susceptible women: median 12.43, range 0.71 -6836; Mann-Whitney 

P-1 

These data provide evidence for a selective imbalance in IL-4:IFN-y 

among HIV-1 resistant women compared to susceptible women fouowing 
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PHA rnediated activation. Other type-2 :type- 1 cytokine ratios examùied were 

similar in the two groups. 

2.2 Analysis of Recail Ag (SK and PPD) Driven Cytokine Responses Among 

Resistant and Low Risk Kenyan Women 

2.2.1 Analysis of recall Ag (SK and PPD) driven cytokine responses among 

resistant and low risk women 

2.2.1.1 HIV-1 resistant women do not exhibit enhanced type4 

cytokine (Im-y) response to recall Ags (SK and PPD) compared to low 

risk women. To examine whether resistant women have a generaiized ability 

to produce increased levels of I M - y  on recdl Ag (SK, PPD) Ag mediated 

stimulation, their cytokine responses were compared with the low risk 

women. PBMC fiom resistant women and low risk women were stimulated 

with pre-optimized concentrations of SK and PPD. IFN-y production was 

detemiinai by ELISA. The raults f?om the analysis using SK Ag are shown 

in Figure 25a. The kequency of subjects exhibiting detectable DFN-y 

responses to SK among resistant women and low risk women was not 

different (12/14 vs 9/11 ; Fisher's -)). The intensity of SK Ag driven IFN-y 

production was similar between the two groups (resistant women: median 

6.54, range 0.62- 147; low risk women: median 44; range 0.3 1-3 17; Mann- 

Whitney p-as). 

The results fiom the analysis using PPD Ag are shown in Figure 25b. 

The fiequency of subjects exhibiting detectable IFN-y responses to PPD 

among resistant women was 9 (75%) and among low risk women was 12 
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(86%) (Fishefs -1. The intensity of PPD Ag driven IFN-y production was 

also similar between the two groups (resistant women: median 3.3, range 

0.3 1 - 10.4; low risk women: media. 5.1, rangé 0.3 1-209; Mann-Whitney 

-1. Together, the above data argue that HIV-1 resistant women do not 

exhibit a general tendency of enhanced recall IFN-y responses on Ag 

mediated activation relative to the low risk women. 

2.2.1.2 EIV-1 resistant women exhibit sipificantly diminished 

recall Ag driven I L 4  responses relative to low risk women. The results 

Eom the andysis of I L 4  response to SK Ag among resistant women and low 

risk wornen are s h o w  in Figure 26a. The fiequency of subjects exhibiting 

detectable IL4 responses to SK arnong resistant women was 3/14 (21%) and 

arnong low nsk women was 10/11 (71%) (Fisher's pc0.05). The intensity of 

SK Ag dnven IL-4 production was also significantly reduced among resistant 

women relative to the low risk women (resistant women: median 0.45, range 

0.45-16.8 pg/ml; low risk women: median 6.19, range 0.45-7 1 pg/ml; Mann- 

Whitney p 4 . 0  16). 

The results fiom the analysis of IL-4 response using PPD Ag are 

shown in Figure 26b. The fkequency of subjects exhibiting detectable recdl 

IL-4 response to PPD among resistant women was 2/12 (17%) and arnong 

low risk women was 11/14 (79%) (Fisher's pi0.02). The intensity of PPD Ag 

driven IL-4 production was significantly reduced among the resistant women 

compared to the low nsk women (resistant women: median 0.45, range 0.45- 
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8.55 pg/ml; low risk women: median12.33, range 0.45-81; Mann-Whitney 

The above data provide evidence that HIV- 1 resistant women exhibit 

dramatically decreased fkquency as well as Uitensity of recall IL-4 responses 

to the two comrnon recall Ags used relative to low risk women. 

2.2.1.3 RIV-1 resistant women exhibit marginaiiy diminished 

recaïl Ag driven IG13 response compared to low risk women. The 

results fiom the analysis of IL- 13 response to SK Ag among resistant and low 

risk Kenyan women are shown in Figure 27a The fiequency of subjects 

exhibiting detectable IL- 13 responses to SK among resistant women was not 

different (1 2/12) than among low risk women (1 111 1). The intensity of SK 

Ag dnven IL43 production was marginally (Mann-Whitney p4.04) 

decreased in the resistant wornen (median 3 1 1, range 108- 1596 pg/ml) 

relative to the low nsk women (median 1 128, range 1 1-7735 pghl).  

The results kom the analysis of IL43 response using PPD Ag are 

shown in Figure 2%. The fiequency of subjects exhibiting detectable recall 

IL-13 response to PPD among resistant women (616) and low Bsk women 

(1 1/11) was identical. However, the intensity of PPD Ag driven IL-1 3 

production was significantly reduced (Mann-Whitney p4.02) among 

resistant women relative to the low nsk women (resistant women: median 

368, range 82-45 pg/ml; low nsk women: median 1 182, range 1-8 MO). 
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The above data suggest that HIV-1 resistant women exhibit similar 

fiequency but marginally reduced intensity of recall IL13 response to the 

two cornmon recall Ags used, relative to low risk women. 

2.2.1.4 Recall Ag driven I L 5  response among W-1 resistant 

and low risk women. The results fiom the analysis of IL-5 response to SK 

Ag among resistant and low risk Kenyan women are s h o w  in Figure 28a 

Frequency of subjects exhibiting detectable IL4 responses to SK among 

resistant women was 6/12 (50%) and among low risk women was 9/11 

(82%). The intensity of SK Ag driva IL-5 production was not significantly 

different (Mann-Whitney p=ns) between the two groups (resistant women: 

median 17.9, range 3.9-376; low risk women: median 175, range 3.9-966). 

The results from the andysis of IL-5 response ushg PPD Ag are 

shown in Figure 28b. Frequency of subjects exhibiting detectable recall IL5 

response to PPD among resistant women was 1/6 (17%) and among Iow nsk 

women was 7/11 (64%) (Fisher's pc0.05). The intensity of PPD Ag driven 

IL-5 production was also reduced among resistant women (resistant women: 

median 3.9, range 3.9-33 pg/ml; low nsk women: median 193, range 3.9- 

190 1 pg/ml; Mann-Whitney p=0.03). 

2.2.1.5 Recall Ag driven IL10 responses among resistant women 

and 1ow risk women. The resdts fiom the analysis of IL40 response to SK 

Ag among resistant and low risk Kenyan women are shown in Figure 29a 

The fiequency of subjects exhibiting detectable IL40 responses to SK among 

resistant wornen was 11/12 (92%) and among low risk women was 8/11 





(4). SK Ag drlven IL4 0 response among 
HIV reslstant and low rlsk women 

Cb), PPD Ag drlven IL-10 response among 
HIV reslstant and low rlsk women 

Figure 29a,b. SK (left panel) and PPD (right panel) Ag driven recall IL10 responses among HlV-1 resistant and low risk Kenyan 
women. PBMC (1.5 X10~/ml) were cultured with 5000 unitdml of streptokinase or 5 Ulm1 PPD as described. Culture supematants were 
harvested and assayed for IL-1 O production (pglml) by ELISA as descnbed. The data represent IL- 1 O responses of resistant (@ ) and HIV- 
1 negative low risk women (A). Each syrnbol represents one subject. Horizontal bars represent median values. Statistical significance was 
determined by Mann-Whitney U test. 
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(73%). The intensity of SK Ag driven IL-10 production was slightly higher 

(Mann-Whitney p 4 . 0 3 )  among resistant women (resistant women: median 

250, range 7.8-910 pglml; low risk women: median 53, range 7.8-317 pg/mi). 

The results nom the analysis of IL40 response using PPD Ag are 

shown in Figure 29b. The fiequency of subjects exhibiting detectable recall 

IL10 response to PPD among resistant women was 67% (4/6) and arnong 

low risk women was 55% (6/11) (Fisher's Fs). The intensity of PPD Ag 

driven IL- I O production was similar between the two groups (resistant 

women: median 115, range 7.8-893 pg/ml; Iow risk women: median 83, 

range 7 -8-566 pg/ml; Mann-Whitney p-ns). 

2.2.2 Analysis of polyclonally driven cytokine responses among resistant and 

low risk women 

2.2.2.1 Analysis of PHA driven cytokine responses 

2.2.2.1.1 Twe-1 m - v )  cvtokine remonse to PHA 

mediated activation is similar arnona resistant women and low nsk 

women. The results of the analysis of' PHA driven IFN-y (type-1 

cytokine) responses of resistant women and low nsk women are 

shown in Figure 30. The fiequency of resistant and low risk women 

exhibiting detectable IFN-y synthesis to PHA was identical (1 4/14 

and 1 111 1, respectively). When analyzed for the intensity of response, 

both groups exhibited comparable levels of PHA dnven IFN-y 

synthesis (resistant women: median 33.4 U / d ,  range 5.3-3 19 U l d ;  



PHA drlven IFN-y resonse among 
HIV resistant and low riskwomen 

Figure 30. Type4 @%y) cytokine response to PHA mediated activation is similar in resistant 
and low risk women. PBMC (1.5 X106/ml) were cultured in the presence of 1% PHA . Culture 
supeniatants were harvested and assayed for ][FN-y production (U/rnl) by ELISA as described. The 
data represait PHA driva 1FN-y response of resistant (a) and low risk women (A). Each s p b o l  
represents one subject. Horizontal bars represent median values. Statistid signincance was 
determined by Mann-Whitney U test. 
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low risk women: median 103 U/ml, range 7.3- 332 U/ml; Mann- 

Whitney -). 

2.2.2.1.2 PHA driven me-2 cytokine remonses amonq 

resistant women and low risk women. The results of the analysis of 

PHA driven IL4 responses of resistant women and low risk women 

are shown in Figure 31a. The frequency of resistant and low nsk 

women exhibiting detectable I L 4  synthesis to PHA was 50% (7/14) 

and 100% (1 1/1 l), respectively. When analyzed for the intensity of 

response, resistant women exhibited diminished (Mann-Whitney 

p=0.006) levels of PH. driven I L 4  synthesis (median 4.8 pgfml, 

range 0.45-264 p g h l )  relative to that of low risk women (median 

54.4 pg/ml, range 12.9-375 pglml). 

The results of the analysis of PHA driven IL-5 responses of 

resistant and low nsk women is shown in Figure 3 lb. The fiequency 

of resistant wornen and low risk women exhibiting detectable IL-5 

synthesis to PHA was 10/14 (71 %) and 8/1 1 (73%), respectively 

(Fisher's -). When analyzed for the intensity of response, resistant 

wornen exhibited similar (Mam-Whitney p=ns) levels of PHA-driven 

IL-5 synthesis (median 122 pglml, range 3.9-1461 pgh l )  to &at of 

low risk women (median 443 pglml, range 7.8-5225 pghl).  

The reçults of the analysis of PHA dnven IL4 3 responses of 

resistant and low risk women are shown in Figure 32a The frequency 

of resistant and Iow risk women exhibiting detectable IL43 synthesis 



(4. PHA dtiven IL4 response emong 
HN reslstant and low rlsk wornen 

(b), PHA drlven IL-5 response among 
HIV reslstant and low rlskwomen 

Figure 31(a,b). BIV-1 resistant women exhibit diminished levels of PHA-driven IL4 (left panel) but similar levels of I L 5  (right 
panel) synthesis dat ive  to low risk women: PBMC (1.5 X106/rnl) were cultured in the presence of 1% PHA. Culture supematants were 
harvested and assayed for ILQ, IL-5 production (pglml) by ELISA as descnbed. The data represent IL-4 and IL-5 responses of resistant 
(a ) and low nsk women (A). Each symbol represents one subject. Horizontal bars represent median values and the broken line indicates 
assay sensitivity . Statistical significance was determined by Mann- Whitney U test. 
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to PHA was identical (l4/14 and 1 1/11, respectively; Fishex's pas). 

When andyzed for the intensity of response, resistant women 

exhibited significantly Mann-Whitney p=0.02) diminished levels of 

PHA dnven IL-13 synthesis (median 832 pglml, range 214-9522) to 

that of low risk women (median 3315 pg/ml, range 1803-16000 

P glml) 

The results of the analysis of PHA driven IL- 10 responses of 

resistant and low risk women are show in Figure 32b. The fiequency 

of resistant and low risk women exhibithg detectable IL-10 synthesis 

to PHA was 12/14 (86%) and 10/11 (91%), respectively (Fisher's 

pas ) .  When analyzed for the intensity of response, resistant women 

exhibited sirnilar (Mann-Whitney p=ns) levels of PHA dnven IL- 1 0 

synthesis (median 1228 pg/ml, range 7.8-2824 pg/ml) to that of low 

risk women (median 1485 pghl ,  range 7.81-6682 pgiml). 

These data provide evidence that the resistant women differ 

h m  low risk women in reduced I L 4  and IL43 synthesis to PHA but 

not in other type-2 or type- l cytokines. 

2.2.2.2 Analysis of anti-CD3 mAb driven cytokine responses 

2.2.2.2.1. Soluble anti-CD3 mAb driven m e -  1 UFN-y) 

cvtokine remonse is similar in resistant women and low risk women. 

The results of the andysis of anti-CD3 mAb driven LIFN-y (type-1 

cytokine) responses of resistant women and low nsk women are 

shown in Figure 33. The fkequency of resistant and low nsk women 



Antl-CD3 mAb driven IF N-y response 
arnong HIV resfstant and low rlskwomen 

Fipre 33. HIV-1 Raistant women exhibit simüar frequency and intensity of soluble 
inti-CD3 mAb dwen IFN-y synthais relative to low risk women. PBMC ( 1.5 ~10'/ml) 
were dtured in the presence of 100 ngM soluble anti-CD3 mAb. Culture supematants were 
harvested and assayed for IFN-y production (ülml) by ELISA as described. The data 
represent soluble anti-CD3 driven IFN-y response of resistant (@ ) and low nsk wornen 
(A). Each syxnbol represents one subject. Horizontal bars represent median values. Statistical 
significance was determineci by Mann-Whitney U test. 
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exhibiting detectable IFN-y synthesis to anti-CD3 mAb was 911 1 

(82%) and 8/8 (1 00%), respectively (Fisher's p=-ns). When analyzed 

for the intensiv of response, both groups exhibited comparable levels 

of anti-CD3 mAb-driven IFN-y synthesis (resistant women: median 

19.2 Ulml, range 0.62-87.1 Ulml; low risk women: median 46 U / d ,  

range 3 -4- 145 U/ml; Mann- Whitney -). 

2.2.2.2.2. Anti-CD3 mAb driven me-2 cvtokine 

remonse amonP resistant women and low nsk women. The results of 

the analysis of anti-CD3 mAb driven IL4 responses of resistant 

women and low risk women are shown in Figure 34a The fiequency 

of resistant and low risk women exhibiîing detectable IL-4 synthesis 

to anti-CD3 mAb was 9/11 (82%) and 818 (100%), respectively. 

When analyzed for the intensity of response, resistant women 

exhibited similar (Mann-Whitney pas)  levels of IL4 synthesis 

(median 16.8 pg/ml, range 0.45-70.7 pglml) relative to that of low 

risk women (median 36.5 pg/ml, range 0.45-53 pg/ml). 

The results of the analysis of anti-CD3 mAb driven IL- 1 O 

responses of resistant and low risk women are shown in Figure 

35b. The fkequency of resistant and low risk women exhibiting 

detectable IL- 1 O synthesis to anti-CD3 rnAb was 9/11 (82%) and 

518 (63%), respectively (Fisher's -1. When analyzed for the 

intensity of response, resistant women exhibited comparable 

(Mann-Whitney pas) levels of anti-CD3 mAb-driven IL- I O 



(CL). Antl-CD3 mAb drlven 11-4 response . 
among HIV reslstant and low rlsk women 

(b), Antl-CD3 mAb driven 11-5 response 
among HIV reslstant and low rlsk women 

Figure 34. HIV-I resistant women do not diîîer from low risk women in frequency or intensity of soluble anti-CD3 mAb 
driven IL4 (left panel) and IL5 (right panel) synthesis. PBMC (1.5 X1 06/ml) were cultured in the presence of 100 @ml soluble 
anti-CD3 antibody. Culture supematants were harvested and assayed for IL4 and IL-5 production (pglml) by ELISA as described. 
The data represent: soluble anti-CD3 mAb driven IL-4 responses of resistant (a) and low risk women (A). Each symbol 
represents one subject. Horizontal bars represent median values. Statistical significance was determined by Mann-Whitney U test. 



(a). Antl-CD3mAbdrlvenlL-13response b Antl-CD3 mAb drlven 11-10 response 
among H N  reslstant and low rlsk women among HIV reslstant and low rIsk women 

Figure 3Sa,b. HIV-1 resistant women exhibit similar frequency and intensity of soluble anti-CD3 mAb driven IL13 (left 
pand) and 6 1 0  (right pand) qnthesis dative to low ri& women. PBMC (1.5 x 106/ml) were cultured in the presence of 100 
ngfrnl soluble anti-CD3 mAb. Culture supematants were harvested and assayed for IL- 10 and IL- 13 production (pg/ml) by ELISA 
as described. The data represent . IL-10 responses of resistant (a) and low risk wornen (A). Each syrnbol represents one subject. 
Horizontal bars represent median values and the broken line indicates assay sensitivity. Statistical significance was determined by 
Mann-Whitney U test. 
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synthesis (median 358 pg/ml, range 7.8-2325 pg/ml) to that of low 

risk women (median 298 pg/ml, range 7.8-1960 pg/ml). 

These data provide evidence that resistant women do not 

differ fiom Iow risk women in type-2 cytokine responses to ad-CD3 

mAb mediated activation. 

2.2.3 Analysis of type-2:type-1 cytokine balance among resistant and low risk 

women 

2.2.3.1 Analysis of recaii Ag (SK, PPD) driven type-2:type-1 

cytokine balance among resistant and low N k  women. For each subject 

in both groups of Kenyan women, the ratios of IL-4:IFN-y, IL-5:IFN-y, IL- 

13:IFN-y, and IL-10:IFN-y were detenrilned using the data for each cytokine 

obtained following SK and PPD Ag mediated activation. 

The results of the analysis of SK Ag driven cytokine response are 

shown in Figure 36. The relative balance of L-4:FN-y was not significantly 

different (Mann-Whitney p a s )  between resistant (rnedian 0.136, range, 

0.003-6.8) and low nsk women (median 0.169, range, 0.003-1.45). Also, the 

two groups did not differ markedly in other type-2:type- 1 ratios exarnined: 

IL-13:IFN-y (resistant women: rnedian 0.045, range, 0.002-0.769; Iow nsk 

women: median 0.02 1, range 0.0 1 1 - 1.77; Mann-Whitney P=IE); I L 5  :IFN-y 

(resistant women: median 2.28, range 0.026-54.8; low nsk women: median 

4.54, range 0.6 140.3; Mann-Whitney -) and IL-1 0:IFN-y (resistant 

women: median 34-65, range 0.63-4 1 8; low risk women: median 1.78, range 

0.1 1-43 58; Mann- Whitney p a s ) .  
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The results of the analysis of PPD Ag dnven response are shown in Figure 

37. The relative balance of IL-4:IFN-y was not significantly different (Mann- 

Whitney p= ns) between resistant (median 0.127, range 0.004-22.5) and the 

low nsk women group (median 1.45, rangeû.016-13.6). Also, the hvo groups 

did not differ markedly Ui other type-2: type- 1 ratios examined: IL- 1 3 : IFN-y 

(resistant women: median 0.124, range 0.035- 1 -2; low risk women: 

median047 1, range 0.00 1 -2.24; Mann-Whitney -1; IL-5:IFN-y (resistant 

women: median 1 Al, range 0.38-12.6; low risk women: median 25.2, range 

0.49-279; Mann-Whitney p-as) and IL- 1O:IFN-y (resistant women: median 

21.23, range 0.75-250; Iow risk women: median 2.27; range 0.49-1790; 

Mann- Whitney p=ns). 

This data show that there is no detectable imbaiance in IL-4:IFN-y, 

IL-13:m-y, IL-5:IFN-y, or TL-I0:IFN-y among resistant relative to the Iow 

risk women following either SK or PPD Ag mediated activation. 

2.2.3.2 Analysis of polyclonaily driven Type-2:Type-1 cytokine 

balance among resistant women and low risk women. For each subject, 

the ratios of IL-4:IFN-y, IL-5 :IFN-y, IL- 1 3 :EN-y, and IL- 1 0:IFN-y were 

determined using the data for each cytokine, obtained following PHA and 

anti-CD3 rnAb mediated activation. The results of the analysis using PHA is 

shown in Figure 38. The relative balance of IL-4:IFN-y was not signincantly 

different (Mann-Whitney, -) between resistant (median 0.146, range 

0.001-4.83) and low risk women (median 0.647, range 0.39-7.42;). Also, the 



PPD Ag driven Type-2:Type-1 cytoklne balance In 
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Figure 37. HIV-1 rosiptant women and low risk women do not differ significantly in PPD driven Type-2:Type-1 cytokine balance. 
PBMC (1.5 X 106/rnl) fiom resistant women (@) and low risk women (A) were each cultured with 5 tuberculin unitdm1 of Pure protein 
derivative (PPD) . Culture supernatants were assayed for IFN-y, IL-4, IL-5, IL40 and IL- 13 protein levels as described. The ratios of 1L- 
4:IFN-y, IL-5:IFN-y, IL-IO: IFN-y, and IL- 13 :IFN-y calculated for each subject are represented on Y-mis. Each symbol represents one 
subject. The horizontal bars represent the median values. Statistical significance was evaluated by Mann-Whitney U test. 



PHA drlven Type-2:Type-1 cytokine balance in 
HIV resistant and low risk women 

0.001 = 
IL-4:IFm 11-1 3:IFNy IL-5:IHJy IL- 10:IFNy 

1 All comparlsons, Mann Whitney p=nr 1 

Figure 38. Lack of detectable difference in PHA driven Type-2:Type-1 cytokine responses between resistant and the low risk 
Kenyan women. PBMC (1 S X 10~/ml) fiom resistant women (@ ) and low risk HIV-1 negative Kenyan women (A) were each cultured 
with 1% PHA . Culture supematads were assayed for IFN-y, IL-4, IL-5, IL-IO and IL-1 3 protein levels as descnbed and the peak 
production of each cytokine was deterrnined from both these concentrations . The ratios of iL-4:IFN-y, IL-5:iFN-y, IL-IO: IFN-y, and 1L- 
13 :IFN-y calculated for each subject are represented on Y-axis. Each symbol represents one subject. The horizontal bars represent the 
median values. Statistical significance was evaluated by Mann-Whitney U test. 
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two groups did not differ markedly in other type-2:type-1 ratios examined: 

IL- 13 :IFN-y (resistant women: median0.048,; range 0.003-0-834; low risk 

women: median 0.037,; range 0.009-O. 1 75; Mann-Whitney -); IL-5 :IFN-y 

(resistant women: median 1 -43, range 0.33- 123; low risk women: median 

4.30, range 0.06 1-55; Mann-Whitney p-as) and IL- lO:IFN-y (resistant 

women: median 15.52, range 0.096-393; low risk women: median 15.30, 

range 0.04- 182; Mann-Whitney p-). 

The results of the analysis using anti-CD3 mAb mediated activation 

are s h o w  in Figure 39. The relative balance of IL-4:IFN-y was not 

significantly different (Mann-Whitney pns) between resistant (median 

0.228, range 0.0 1 2- 1 1 4) and low risk women (media. 0.963, range 0.1 1 -6.1). 

Atso, the two groups did not differ markedly in other type-2:type- 1 ratios 

exarnined: IL- 13 :EN-y (resistant women: media. 0.0 1 8, range 0.00002- 

0.103; low risk women: median 0.008, range 0.0029-0.55; Mann-Whitney 

-); I L 5  :EN-y (resistant women: median0.989, range 0.044- 1 50; low risk 

women: median 2.35, range 0.1 1-6.3; Mann-Whitney p-ns) and DL-10:IFN-y 

(resistant women: median 14.85, range 0.2 1-3750; low nsk women: median 

2.27, range 0.1 1-345; Mann-Whitney p-as). 

These data provide evidence for lack of detectable difference in IL- 

4:IFN-y, IL- 13:IFN-y, IL-5:IFN-y, or IL- I0:IFN-y ratios between resistant 

women and low risk wornen using either PHA or anti-CD3 mAb mediated 

activation, 



Anti-CD3 Abdrlven Type-2:Type-1 cytokine balance in 

HIV resistant and low rlsk women 
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Figure 39. H N  Resistrnt women and l o w  risk wornen do not differ signifiçantly in anti-CD3 rnAb driven Type-2:Type-l 
cytokine balance. PBMC (1 .S X 106/ml) fiom resistant women (a) and l o w  nsk HIV negative Kenyan women (A) were cultured 
with soluble anti-CD3 mAb (1 00 ng/ml). Culture supematants were assayed for IFN-y, IL-4, IL-5, IL- 1 O and IL- 13 protein levels 
as described and the peak production of each cytokine was determined from both these concentrations. The ratios of IL-4:IFN-y, 
IL-5:IFN-y, IL-10: IFN-y, and IL-13 :IFN-y calculated for each subject is represented on Y-axis. Each symbol represents one 
subject. The horizontal bars represent the median values. Statistical significance was evaluated by Mann Whitney U test. 
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3. CHARACTERIZATION OF IL12 AND IP-10 RESPONSXVENESS OF HIV-1 

RESISTANT KENYA WOMEN 

The following experiments were perfomed to characterize the IL-1 2 responsiveness 

of HIV-1 resistant Kenyan women. IL12 responsiveness was defined as the ability to 

respond to exogenous recombinant (rh IL-12) in vitro by producing IFN-y. In these 

experiments, rh IL-12 responsiveness of deliberately unstimulated cells (referred to as 

constitutive IL-12 responsiveness) and on Ag mediated cellular activation were examined. 

3.1 Characterization of IL42 Responsiveness of HIV Resistant Kenyan Women 

3.1.1 Analysis of IL-12 responsiveness among HIV-1 resistaat and susceptible 

Kenyan women 

3.1.1.1 HIV-1 resistant women exhibit signifîcantly higher 

constitutive L I 2  responsiveness relative to susceptible women. Analysis 

of the ability to respond to rIL-12 was cmied out in both groups of resistant 

and susceptible women by comparing IFN-y production by their PBMC in 

medium alone, and in the presence of two different concentrations of rIL-12. 

This analysis showed îhat both resistant and susceptible women responded 

significantly to rIL- 12 (with 25 p g M  IL- 12: median 92 U/ml, range 5.4-355 

U/ml in resistant women vs 35 U/ml: range 1.9-66.4 U/ml in susceptible 

women; Mann-Whitney p=û.002; with 100 p g h l  IL- 12 median 179 U/ml, 

range 10.1-1065 U/ml vs 5 1 U/ml range 9-8 1 U / d ;  Mann-Whitney 

p<O.OOO 1 ; in both groups examined independently). 

Subsequently, constitutive IL- 12 responsiveness was compared 

between the two groups of women. Results of this analysis are show in 
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Figure 40(a,b). As shown, resistant women exhibit significantly (Mann- 

Whitney p4 .0  1) higher constitutive IL- 1 2 responsiveness (fFor 25 p g h l  of 

IL- 12: median 92, range 2.50-355 U/ml) compared to susceptible women 

(median 35, range 1 966.4 W). Subseq~ently~ IL- 1 2 responsiveness ushg 

a Cfold higher concentration of IL42 (100 pg/ml) was exaxnined. As shown, 

whereas the fiequency of responsiveness was identical in the two groups 

(100% each), the intensity of response was silpiificantly higher (Mann- 

Whitney p4.008) among resistant women (median 179, range 10.1 - 1 O65 

U / d )  compared to susceptible women (median 5 1, range 9-8 1 U/ml). 

3.1.1.2 HIV-1 resistant wornen also exhibit significantiy higher 

IL-12 responsiveness relative to susceptible women, on HIV-1 mediated 

activation. The HIV-1 driven IFN-y response among resistant women and 

susceptible women is shown in Figure 4i(a,b7c). As evident, resistant women 

exhibited significantly higher fkequency, as well as intemity, of virus driven 

IFN-y response relative to susceptible women (resistant women: median 1 5.1, 

range 0.3 1 -285 U/ml; susceptible women: median 0.7m range 0.3 1 -8 U/ml; 

Mann- Whitney p4.009). The capacity of resistant women and susceptible 

women to exhibit IL-12 responsiveness on HIV-1 mediated activation was 

first analyzed within the two groups by cornparhg their virus driven IFN-y 

production in the absence and presence of exogenous IL-12. Both groups 

exhibited significant IL- 1 2 responsiveness. Following virus mediated 

activation, resistant women exhibited significantly higher (Mann-Whitney 

p4.02) 1.4 2 responsiveness (median 5 1, range 3.30-845 U/ml) of I M - y  



(a). Constitutive IL4 2 responslveness: 
HN-1 realstant va. susceptible women 

Figure 40a,b: HIV resistant women exhibit sign@cantly higher constitutive L I 2  responsiveness relative to susceptible 
women(a). PBMC (1.5 x 10~1rnl) fiom HIV resistant women (0 )  and susceptible women (CI) were cultured with 25 pglml (lefi 
panel) and 100 p g l d  (right panel) of rIL-12. Culture supematants were harvested and assayed for IFN-y protein by ELISA. The 
peak Level of IFNq synthesis observed with each subject over a 6 day culture period is shown along the Y axis. Each symbol 
represents one subject and the horizontal bar indicates median value in each group. The significance was assessed by MamgWhitney 
U test. 



m. 
HM-1 driven lFNy response among 

HN-1 reslstant va. waceptlble women 

W. (c 1, 
IL-1 2 res~onslveness among IL-1 2 responslveneas among 

malstant and susceptible women reslstant and su-ptlble wornen 

Figure Ql a, b,c : HI V- I resistattt women exhibit significnntly higher IL-1 2 responsiveness relative to Susceptible women, on 
HZV-1 mediated activation PBMC ( 1 . 5  x 106/ml) ffom HIV- 1 resistant ( 0 )  and susceptible (O) women were cultured in the 
presence of inactivated HIV- 1 , (at two different concentrations 1.25 x 10' and 1.25 x 10) V.Plml) alone (left panel) and HIV- I 
plus rhiL-12 at 25 (middle panel) and 100pg/ml (right panel). Culture supernatants were harvested and assayed for IFN-y protein 
by ELISA. The peak level of IFN-y synthesis observed with each subject over a 6 day culture period is shown along the Y axis. Each 
symbol represents one subject and the horizontal bar indicates median value in each group. The significance was assessed by Mann- 
Whitney U test. 
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synthesis relative to susceptible women (media. 33.50, range 3.3-129 UM). 

Subsequently, IL12 responsiveness using a Cfold higher concentration of 

IL- 12 (1 00 pghl)  was examined. As shown in Figure 41, the response was 

significantly higher among resistant wornen (median 1 13, range 16-1000 

U/ml) compared to susceptible women (median 55, range 16-181 U/ml; 

Mann-Whitney pQ.00 1). 

Taken together, the above results demonstrate that resistance venus 

susceptibility to HIV-1 infection is associated with differentiai 

responsiveness to IL-12 (both constitutive and on virus stimulation) among 

these groups of Kenyan women. 

3.1.1.3 Reconstitution of IFN-y production in vitro among 

susceptible women using recombinant humau IL-12. Susceptible women 

exhibited significantly reduced IFN-y responses on HIV-1 mediated 

activation (Figure 4 1 a). To examine whether exogenous IL- 12 could restore 

the reduced levels of IFN-y in susceptible women in vitro, rh IL-12 was 

added to the virus activated PBMC of susceptible women at two different 

concentrations (25 and IO0 pg/ml). These concentrations are in the range of 

IL- 12 @70) synthesis typically observed following bacterial Ag (SAC) 

mediated stimulation of kesh PBMC (data not shown). m - y  levels in the 

culture supematants were compared with virus driven IFN-y responses of 

resistant women elicited in the absence of exogenous IL-12. Results of this 

analysis are shown in Figure 42. The addition of as little as  25 p g h i  rIL-12 

could reconstitute the IFN-y responses of susceptible women to a level 



Restoration of in vitro IFN-y response among 
HiV susceptible women using rlL-12 

Figure 42: Reconstitution of IFN-y production in vitro among susceptible women using exogenous rLIZ.PBMC (1.5 x 
10~/ml) fiom HIV-1 resistant (*) and susceptible (O) women were cultured in the presence of inactivated HIV-1, (at two different 
concentrations 1.25 x 102and 1.25 x 10' V.P/ml) alone and for susceptible women, HIV-1 plus rh1L 12 at 25 and 100pg/ml. Culture 
supernatants were harvested and assayed for IFN-y protein by ELISA. The peak level of IFN-y synthesis observed with each subject 
over a 6 day culture period is shown dong the Y axis. Each symbol represents one subject. Thc significance was assessed by Mann- 
Whitney U test. (resistant women vs. susceptible women : HIV-I alone: p=0.009; resistant women (HIV-1) vs. susceptible women 
(HIV- 1 +ILDI 2 , Z  pglml), p-ns; resistant women (HIV- 1 )  vs. susceptible women (HIV- 1 +IL01 2, 100 pglml), p=0.04). 
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essentially identical to that of resistant women (susceptible women with IL- 

12: median 33.5, range 3.3- 129 vs resistant women without IL- 12: median 

1 5.1, range 0.3 1 -2 8 5 U/ml; Mann- Whitney p=ns). Furthemore, addition of 

the higher concentration of IL-12 to the cultures (100 pghl )  enhanced 

responses of susceptible women to levels much higher than those of resistant 

women observed in the absence of IL-12 (susceptible women with 100 pg/ml 

of IL- 1 2: median 55, range 1 6- 18 1 vs resistant women without IL- 12: median 

1 S. 1, range 0.3 1-285; Mann-Whitney e . 0 4 ) .  

Thus, these data demonstrate îhat exogenous IL42 restored IFN-y 

responses in HIV-I susceptible women to levels comparable with HN-1 

resistant women. These results also suggest a potential therapeutic value of 

IL-1 2 in boosting IFN-y responses in HIV- 1 infected subjects. 

Analysis of IL12 responsiveness among HIV-1 resistant and low risk 

Kenyan women 

3.1.2.1 Constitutive IL12 responsiveness is similar among AIV-1 

resistant and low risk women. The above results, demonstrating a higher 

responsiveness to IL42 among resistant women, prompted us to examine 

their relative responsiveness in cornparison to HIV-1 negative, low risk 

Kenyan women. 

For this, the ability to respond to IL12 was assessed for resistant 

wornen and low risk HIV- 1 negative women by cornparhg IFN-y production 

by PBMC in medium alone and in the presence of two different 

concentrations of IL-12. This analysis showed that both resistant women and 
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low risk HIV-1 negative women can respond to IL-12. In medium alone for 

resistant women, the median response was 5.3 U/ml and with 25 pg/ml IL- 12, 

the median was 92 Ulm1 (range 5.4-355; Mann-Whitney p4.002). In low 

nsk women, in medium doue, the median response was 8.60 U/ml and with 

25 pg/ml IL-12, the median was 56 U/ml (range 3.4-1039; Mann-Whitney 

p=O.01). With a Cfold higher concentration (100 pg/mi), IL-12 

responsiveness becomes stronger (for resistant women: median 1 79 U/ml, 

range 10.1 - 1065 in the presence of IL- 12 vs median 5 -25 U/ml, range 0.3 1 - 

199 in the absence of IL-12; Mann-Whitney p<O.0001 and for Iow nsk 

women, median 156 U/ml, range 24-1298 U/mi in the presence of IL-12 vs 

median 8.60, range 0.31-46.1 in the absence of IL-12; Mann-Whitney 

p4lOO 1). 

Subsequently, IL- 12 responsiveness, measured as the capacity of fiesh 

PBMC to mount IFN-y responses, was compared between the two groups of 

women. Results of these analysis are shown in Figure 43(a,b). As shown, IL- 

1 2 responsiveness was similar between the two groups of women (median 92, 

range 2.5- 355 U/mI for resistant women vs median 56, range 3.41039 U/ml 

for low risk women; Mann-Whitney p= ns). Andysis of IL- 12 responsivenas 

with a higher dose of 100 pg/ml for Iow risk women provided similar 

findings (median 1 79, range 10.1 - 1 065 U/ml for resistant wornen vs median 

156, range 24-1298 U/ml for low risk women; Mann-Whitney -). 

3.1.2.2 Resistant women do not differ fkom low risk women in IL 

12 responsiveness on Ag (SK and PPD) mediated activation. These 
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experiments were perfonned to address the hypothesis that the resistant 

women may have an increased responsiveness to IL-12 on Ag mediated 

activation compared with low risk wornen. For this, recail Ags SK and PPD 

were used for cellular activation. The capacity of resistant women and low 

nsk women to exhibit IL- 12 responsiveness on SK mediated activation was 

analyzed first within the two groups by comparing the SK driven IFN-y 

production in the absence and the presence of exogenous IL- 12. Following 

SK mediated activation, in the presence of 25 pgM IL- 12, both resistant and 

low nsk women responded significantly (resistant women with SK alone: 

median 61.5, range 0.31-608 vs SK+IL-12: median 271, range 21.3-1621 

U/ml; Mann- Whitney p 4 . 0  1 ; low risk wornen with SK alone: median 36.5, 

range 0.3 1-257 U/ml vs %+IL-12: media.. 172, range 28- 1 120 U / d ;  Mann- 

Whitney p=0.01). Examination of responsiveness to 100 pghl  of rIL-12 

withui both groups again demonstrated the same trend (resistant women with 

SK alone: median 61 -5, range 0.3 1-608 U/ml vs SK+IL-12: median 437.5, 

range 25-1280 U/ml; Mann-Whitney p4.001; low risk women with SK 

alone: median 36.5, range 0.3 1-257 U/ml vs SK+IL- 12: media. 341.5, range 

77- 1280, Mann-Whitney ~ 4 . 0 0 1 ) .  

Subsequently, IL- 12 responsiveness was compared between the two 

groups. Results of the analysis of IL42 responsiveness on SK Ag mediated 

activation are shown in Figure 44(a,b,c). The intensity of IL12 

responsiveness was similar in both groups (resistant women: median 220, 

range 2 1.3- 162 1 U/ml vs median 172, range 28-1 120 U/m in low nsk 



Figure 44a,b,c: Raistant womn do not differfiom lm risk women in IL12 responsiveness on SK mediated activaticrn. PBMC 
(1.5 x 106/rnl) from HIV-1 resistant (e) and low risk (A) women were cultured in the presence of 5000 U/ml of streptokinase alone 
(l& panel), SK plus &l2 at 25 (rniddle panel) and 100pgIml (rigth panel). Culture supernatants were harvested and assayed for 
IFN-y protein by ELISA. The peak level of IFN-y synthesis observed with each subject over a 6 day culture period is shown along 
the Y axis. Each symbol represents one subject and the horizontal bar indicates median value in each group. The significance was 
assesseci by Mann-Whitney U test. 
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women; Mann- Whitney -). With 1 00 p g h l  of IL- 12, sllnilar resuits were 

obtained (median 3 73, range 25- 1280 U/ml in resistant women vs rnedian 

342, range 77- 1280 Ulm1 in low risk women; Mann-Whitney p-m). 

The capacity of resistant wornen and Iow ri& women to exhibit IL- 12 

responsiveness on PPD rnediated activation was andyzed first withui the two 

groups by comparing the PPD driven IFN-y production in the absence and 

presence of exogenous IL-12 (Figure 44d-f). It was observed that following 

PPD mediated activation in the presence of 25 pglml IL42 resistant and low 

nsk women responded and produced significantly higher levels of IFN-y 

(resistant women with PPD alone: median 55.5, range 0.31-191 Ulm1 vs 

PPD+IL- 1 2: rnedian 2 1 4, range 55-706 Ulml; Mann-Whitney p<0.000 1 ; low 

risk women with PPD alone: median 16.5, range 0.3 1-168 Ulm1 vs PPD+IL- 

12: median 280, range 14.5-899 Ulml; Mann-Whitney p4.004). 

Examination of responsiveness to 100 pg/ml of rIL- 12 within both groups 

again demonstrated the same trend (resistant women with PPD alone, median 

55.5, range 0.31-199 Ulml vs PPD+IL-12: mediau 413, range 99-1230 U h l ;  

Mann-Whitney pcO.0001; low risk women with PPD alone: medianl6.5, 

range 0.31-168 Ulm1 vs PPDtL-12: median 269, range 55-1280 U/ml; 

Mann-Whitney p4.001). 

Subsequently, IL- 12 responsiveness was compared between the two 

groups. The results fÎom the analysis of IL42 responsiveness on PPD Ag 

mediated activation are shown in Figure 44e,f. The intensity of IL42 

responsiveness was similar in both groups (resistant women: median 214, 
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range 55-706 U/ml vs low risk women: median 280, range 15-899 U/ml; 

Mann-Whitney p=n~)). With 100 pg/ml of IL- 12, nmilar results were obtained 

(resistant women: median 413, range 99-1230 U/mI vs low risk women: 

median 269, range 55- 1280 Uhl ;  Mann-Whitney pas). 

These data provide evidence that HIV-1 resistant women do not differ 

fkorn low nsk women in either constitutive IL- 12 responsiveness or IL-12 

responsiveness with SK and PPD Ag mediated activation. 

3.2 Characterization of IP-10 Responsiveness of HIV-1 Resistant Kenyan women 

The following experiments were performed to characterize the IP-I O responsiveness 

of HIV- 1 resistant Kenyan women. IP-10 responsiveness was defined as the ability to 

respond to recombinant (r) human IP- 1 O in culture by producing IFN-y. In these experiments, 

IP- 10 responsiveness of deliberately unstimulated cells (referred to as constitutive IP- I O 

responsiveness) and on Ag mediated cellular activation were examined. 

3.2.1 Analysis of IP-IO responsiveness among HIV-1 resistant and susceptibk 

women 

3.2.1.1 HIV-1 resistant women do not differ from susceptibie 

women in constitutive IP-10 responsiveness. The IP-IO responsiveness was 

compared between the two groups of women. Analysis of constitutive IP-10 

responsiveness between resistant and susceptible women are shown in Figure 

45a,b. Analysis of the intensity of responses did not reveal significant 

differences behveen the groups with either 0.1 ng/ml (resistant women: 

median 1 8.4, range 0.3 1 -244U/ml; susceptible women: median 9.8, range 

0.3 1-99 U/d;  Mann-Whitney -) or 1 ng/rnl of exogenous IP- 1 O (resistant 



HN-1 reslstant ve, ausemptible women 
CbX Constitutive iP-10 responslveness: 

HN-1 resistant vs. wsceptible women 

Figure 45a,b: HIVreSiSlant wumen do not differ from susceptible women in constitutive I f - I O  responsiveness. PBMC ( 1.5 
x 10611nl) fiom HiV resistant wmen (a) and susceptible women (O) were cultured with O. 1 (lefi panel) and 1 @ml (right panel) 
of rhIP-10. Culture supernatants were harvested and assayed for IFN-y protein by ELISA. The peak level of IFN-y synthesis 
observed with each subject over a 6 day culture period is shown along the Y axis. Each symbol represents one subject and the 
horizontal bar indicates median value in each group. The significance was assessed by Mann-Whitney U test. 
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women: median 13, range 0.3 1-2 17 U/ml; susceptible women: median 6.4, 

range 0.3 1-24 U/ml; Mann-Whitney p-). 

3.2.1.2 HN-1 resistant women exhibit significantly higher IP-IO 

responsiveness relative to susceptible women, on HrV-1 mediated 

activation. The capacity of resistant women and susceptible women to 

exhibit IP- 1 O responsiveness on HIV- 1 mediated activation was compared 

between the groups. 

Results of the analysis of IP- 1 O responsiveness elicited, following 

HN-1 mediated cellular activation, are shown in Figure 46a,b. The fiequency 

of responders to 0.1 nglml IP-10 was similar in both groups of women 

(resistant women: 13/ 14; susceptible women: 9/10}. Also, following virus 

mediated activation, resistant women exhibited a trend towards higher 

responsiveness to O. 1 n g M  of IP- 1 0 (median 40, range 0.3 1 -259 U h l )  than 

that of susceptible women (median 12, range 0.3 1-205 U/ml; Mann-Whitney 

p4.06) .  However, responsiveness to 1 nglrnl of IP-10 was significantly 

different between the two groups (resistant women: median 38, range 1.72- 

222 U/ml vs susceptible women: median 15, range 0.3 1-35 Ulml; Mann- 

Whitney ~3.03). 

Taken together, the above results demonstrate that cihical resistance 

venus susceptibility to W-1 infection is associated with differential 

responsiveness to IP-10 on virus stimulation among these groups of Kenyan 

women. 
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3.2.1.3 Reconstitution of IFN-y production in vitro among 

susceptible women using recombinant hnman IP-10. Resistant women 

produced significantly higher levels of HN-I driven F N - y  compared to 

susceptible women (Figure 47). Therefore, in view of potential therapeutic 

interest, whether exogenous rP-  1 O cm restore the decreased levels of IFN-y 

responses in susceptible women, responsiveness was measured in vitro after 

the addition of rIP- 1 O at two different concentrations (0.1 and 1 ng/ml). IFN-y 

levels production were compared with virus driven IFN-y responses of 

resistant women without any exogenous IP- 1 O. Results of this analysis are 

shown in Figure 47. Addition of as low as 0.1 ng/ml of rIP-IO could 

reconstitute IFN-y responses of susceptible women to a level similar to those 

of resistant women with HIV- 1 aione (susceptible women with HIV- 1 +IP- 1 O: 

median 12, range 0.3 1-205 vs resistant women with HIV- 1 aione: median 

15.1, range 0.3 1-285 U / d ;  Mann-Whitney p a s ) .  Furthemore, the addition 

of higher concentrations of IP-IO to the cultures (at 1 ng/ml) dso had similar 

effects on vims driven IFN-y responses of susceptible women (*th HIV- 

l+IP-10: median 15, range 0.3 1-34 vs resistant women with HIV-1 alone: 

median 1 5.1, range 0.3 1 -28 5 U/rnl; Mann- Whitney -). 

Thus, these data demonstrate that exogenous IP-10 codd restore the 

in vitro IFN-y responses of susceptible women at par with those of resistant 

women. These results aiso indicate a potential therapeutic value of IP- 1 O in 

boosting IFN-y responses of HIV- 1 infectecl subjects. 



Restoration of in vitro IFN-y response among 
HIV susceptible women using rIP-10 

Figure 47. Reconstition of I F N - y p r d u c t h  in vitro among susceptible women using a-ogenous recombinnnt IP-IO. PBMC 
(1.5 x 106/ml) from HIV resistant (0)  and susceptible (O) women were cultured in the presence of inactivated HIV , (a1 two 
diffecent concentrations 1 .ZS x 102 and 1.25 x l d  V.Plml) alone and for susceptible women, HIV plus rh1P- 1 O at O. 1 and 1 ng/m]. 
Culture supernatants were harvested and assayed for IFN-y protein by ELISA. The peak level of IFN-y synt hesis O bserved wit h each 
subject over a 6 day culture period is shown along the Y axis. Each symbol represents one subject. The significance was assessed 
by Mann-Whitney U test (Resistcuit . vs. swceptible, HN alone: ~4.009; Resistant (HIV) vs. susceptible (HIV+IP- 1 O, O. 1 ng/ml), 
p s ;  Resistant 0 vs. susceptible, (HIV +IP-IO, 1 ngld,  pw) . 
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3.2.2 Analysis of IP-IO responsiveness among w - 1  resistant and Iow risk 

Kenyan women. 

3.2.2.1 Constitutive IP-10 responsiveness is similar among H N - 1  

resistant and Iow risk women. The IP-10 responsiveness was compared 

between the two groups of women (resistant vs Iow risk). ResuIts of these 

analysis are shown in Figure 48a,b. The intensity of responsiveness was 

similar between the two groups (median 18.4, range 0.31-244 U / d  in 

resistant women vs median 15.2, range 2.7- 107 U / d ;  Mann-Whitney 

Anatysis of IP-10 responsiveness to a higher dose of 1 ng/rnl provided sunilar 

hdings (median 13, range 0.3 1-2 1 7 U/ml in resistant wornen vs media. 6.3, 

range 0.3 1-1 19 U/ml among low risk women; Mann-Whitney -). These 

data suggest that constitutive IP- IO responsiveness is similar in both resistant 

women and low nsk women. 

3.2.2.2 Resistant women do not M e r  from Iow risk women in IP- 

10 responsiveness on Ag (SK and PPD) mediated activation. These 

experiments were performed to address the hypothesis that the ra is  tant 

women may have an increased responsiveness to IP-IO on Ag mediated 

activation. For this, recall Ags SK and PPD were used for ceilular activation. 

The iP- 1 O responsiveness was compared between the two groups. The results 

Erom the analysis of IP-10 responsiveness on SK Ag mediated activation are 

shown in Figure 49a,b. The intensity of IP-10 responsiveness was not 

significantly different between the groups with 0.1 n g h l  (resistant women: 

median 50, range 5-509 U/mi vs rnediaa 44, range 4.3-230 U/m in low risk 



HN-1 melatant v a  low il& women 
1000 p-ns 

niw res~stant va. low rlsK women 

1000 p-ns 

Figure 48a,b: Consîihrîive IP-1 O responsiveness is identical among HIV resistant and lorv risk wottren PBMC ( 1  .5 x 1 06/ml) 
from HIV resistant women (a) and low risk women (A) were cultured with 0.1 (lefi panel) and 1 nghl (right panel) of rhlP- 10. 
Culture supematants were hes ted  and assayed for IFN-y protein by ELISA. The peak level of 1FN-y synthesis observed with each 
subjed over a 6 day dture period is show dong the Y a i s .  Each symbol represents one subject and the horizontal bar indicates 
median value in each group. The significance was assessed by Mann-Whitney U test. 



a). IP-10 iesponsiveness among 
HW1 maistant and low tlsk women 

Cb), IP-10 responslveness among 
HN-1 mslstant and low rlsk women 

Figure 49a,b: Resistafit wonien do not d i e r  from imv risk women in IP-1 O responsiveness on Streptokinose (SK) mediated activntion. 
PBMC (1.5 x 10%nl) fiom HIV-1 resistant (a) and low nsk (A) women were cultured in the presence of 5000 Ulm1 of streptokinase plus 
rmP-10 at 0.1 (lefi panel) and lng/ml (rigth panel). Culture supematants were harvested and assayed for IFN-y protein by ELISA. The Peak 
level of IFN-y synthesis observed with each subject over a 6 day culture period is shown dong the Y axis. Each syrnbol represents one 
subject and the horizontal bar indicates median value in each group. The significance was assessed by Mann-Whitney U test. 
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women; Mann- Whitney p-). With 1 ng/ml of IP- l O, similar results were 

obtained (median 42, range 0.3 1-893 U/ml in resistant women vs median 34, 

range 2.4-229 U/ml in low risk women; Mann-Whitney -). The results 

fÎom the analysis of IP- 1 O responsiveness on PPD Ag mediated activation are 

show in Figure 49c,d. The intensity of IP-10 (0.1 ng/ml) responsiveness was 

no t si gni ficantly di fferent between the p u p s  (resistant women: median 79, 

range 1 1-300 U/ml vs median 29, range 4-158 U/m in low nsk women; 

Mann- Whitney p a s ) .  With 1 ng/ml of IP- 1 O, similar results were O btained 

(median 49, range 3.6-230 U/ml in resistant women vs median 10.7, range 

2.9-204 U/ml in low nsk women; Mann-Whitney p-as). These data provide 

evidence that HIV-1 resistant women do not differ Erom low risk women in 

either constitutive P- 10 responsiveness or P- l O responsiveness on SK and 

PPD Ag mediated activation. 

4. CHARACTEFUZATION OF PLASMA IgE PROFILE OF HIV-1 RESISTANT 

KENYAN WOMEN 

Clinical resistance versus susceptibility to HTV-1 infection is associated with 

reciprocal synthesis of virus driven IFN-y and IL-4 cytokines (Figures 13 and 14). It is now 

weU established that IgE synthesis is reciprocally regulated by IFN-y (negative regulator) and 

IL4/IL- 13 (positive regdators) cytokines (Romagnani, 1997; Bacharier et al, 1998). 

Therefore, it was of obvious interest to characterize IgE profile of these women, especially 

their systemic levels of H I ' -  1 specific IgE Abs. The hypothesis that the differential 



CC). lP40  msponeiveness among 

HW-1 reslstant va. low rlsk women 

(d). IP-10 responslveness among 
HIV-1 reslstant vs. low rlsk women 

Figure 49c,d: Resistant women do not dilicr from low risk women in IP-IO responsiveness on PPD mediated activrtioii. 
PBMC (1.5 x 10</ml) fiom HIV- 1 resistant (a) and low risk (A) women were cultured in the presence of ST.U/rnl of PPD plus 
rhIP-10 at 0.1 (left panel) and 1 ng/ml (ngth panel). Culture supernatants were hawesteâ and assayed for IFN-y protein by ELISA. 
The peak levd of IFN-y ~ynthesis observed with each subject over e 6 day culture period is shown along the Y axis. Each symbol 
ftpresents one subject and the horizontal bar indiates m d a n  value in each group. The significance was assessed by Mann-Whitney 
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pduction of virus specific IgE Ab may be associated with resistance versus susceptibility 

to HIV-1 infection was addressed in this component of the study. 

4.1 RIV-1 Resistant Kenyan Women Exhibit Marked Deficiency of HIV-1 Specific 

IgE Ab in the Plasma Relative to SusceptibIe Women 

Results of the analysis of HIV- 1 specific 1g.E Ab levels in the plasma of resistant 

women and susceptible women are shown in Figure 50. Most of the resistant women (24/27 

exaxnined, -89%) did not exhibit detectable HIV-1-specific IgE Abs in the plasma. in 

contrast, the majority of the susceptible women (16/21 examined, -77%) exhibited HIV-1- 

specific IgE Ab (Fisher's p4.01). The fiequency of HIV-1-specific IgE Ab among low nsk 

women (2/18) was similar to that of the resistant women (3/27). 

The magnitude of the HIV-1 specifïc IgE Ab levels was significantly higher among 

the susceptible women (OD: median 0.545, range 0.14-1.15) relative to the resistant wornen 

(OD: median 0.1 32, range 09-0.48; Mann- Whitney pc0.0000 1). Also, susceptible women 

differed significantly in their plasma levels of HIV-1-specific IgE fiom the Iow risk women 

(OD: median 0.163, range 0.09-0.36; Mann-Whitney p<0.00001). 

From this data, it was concluded that resistance, but not susceptibility, to HIV-1 

infection is associated with marked deficiency of HIV-1-specific IgE Ab in the plasma. 

4.2 HIV-1 Resistant Kenyan Women Produce IgE Ab to Environmentai Mergens 

Simiiar to Low Risk Women 

Results of the analysis of HDM and cat dlergen specific IgE Ab among three groups 

of women are shown in Figures 51 and 52, respectively. Al1 women in each of the three 

groups exhibited detectable specific IgE Abs to both HDM and cat allergens. As evident in 

Figure 5 1, resistant women exhibited similar levels of HDM specific IgE Abs in the plasma 



HIV speclflc IgE Ab among three 
groups of Kenyan women 

fi- 50. H W - I  re~isbnt Kenyan women do not d i b i t  detectable HlK-2-specÿic IgE 
Ab *plarma. Plagna samples fkom resistant women (a, ne?, susceptible women @, 
n 4 l )  and low risk women (A, ~ 1 8 )  were =yed for HIV-1 specific IgE antibody by 
ELISA as describd Each symbol represents one subject. The Y axis represents the optical 
density (OD) values at 405-690 nm. Horizontai bars represent median values. Statistical 
~i@cmce was determined by MannoWhitney U test (rdstant wornea versus susceptiile 
w o m q  IW.00001; SUSCePfi'ble women versus low risk women, pa).00001; resistant women 
versus low risk women, -). 



House dust mltespeclflc IgE Ab among three 
groups of Kenyan women 

F e r e  51. HNl resistMt Kenyan women produce similar lev& q l g E  Ab io the 
d&gen House Dust Mie (HOM as lm. risk womur Plasma samples fiom resistant 
women (@, n=13), susceptible women @, d l )  and low risk women (A, n=10) were 
~ss8yed for HDM w c  IgE a n n i  by ELISA as desded. Each symbol represents one 
subject. Horizontal bars represent median values. Statigticai siBnificance was determined by 
~ W h i t n ~ ~ t e s t (  res'iscsnt wornen versus low ri& mmen, p-ns; registant women v a s  
susceptible women. p4.004; susceptible women versus low risk worneq g~(I.003). 



Cat speciflc IgE Ab among three groups of 
Kenyan women 

F w  52 MIY-I rPs is tontKeny~wl t~enp~s imi lmlnwLPof lgEAb to catrrlletgur 
as womcn Plasma samples fiom resistant women (a, n=13), susceptible wornen 
(a, n=ll) and low risk women (A, n=10) were assayed for cat allergen specinc IgE 
abbody by ELISA as descn'bed. Each symbol represnts one subject. Horizontd bars 
represent median values. Statistical sipihance was determined by MannaWhitney U test 

women versus low risk women, -; raistant women versus susceptible worneR 
p10.0002; susceptible women versus low risk women, p4.0003). 
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wmpared to that of low risk women (median 3266, range 554-13404 U / d  vs media. 6683, 

range 894-66365 Ulrnl; Mann-Whitney pas) .  In contrast to the subjects in the above two 

groups, H N - 1  susceptible women showed significantly reduced levels of both HDM specific 

IgE antibodies (median 7 12 U/ml, range 340-2386 U l d ;  Mann-Whitney p=0.004 comparing 

resistant vs susceptible women; p=0.003 comparing susceptible vs low risk women). 

Levels of cat specific IgE Ab in the plasma of resistant women (median 849, range 

224-3680 Ulml) was similar to that in low risk women (median 990, range 16 1-6941 U/rnl; 

Mann-Whitney p=ns). In contrast, the susceptible women exhibited significantly reduced 

levels of cat specific IgE Ab in the plasma (median 133, range 90-52 1 U / d ;  Mann-Whitney 

p=0.0002 comparing susceptible vs resistant women; p=0.0003 comparing susceptible vs low 

risk women). 

These data suggested that whereas HIV- 1 resistant women do not differ £kom low risk 

women in plasma levels of allergen specific IgE Abs, W-1 susceptible women exhibit 

significantly reduced IgE Ab levels to two common environmental allergens. 

4.3 HIV-1 Resistant Women Do Not Exhibit a Generalized Defect in IgE Isotype 

S ynthesis 

Results of the analysis of total plasma IgE levels among the three groups of Kenyan 

women are shown in the Figure 53. As evident, the range as well as the magnitude of IgE 

levels in the plasma was similar among the three groups of women (resistant women: median 

447, range 4.8-5040 nghnl; susceptible women: median 216, range 4.8-7091 ng/ml; low nsk 

women: median 167, range 4.8-5673 nghl;  Mann-Whitney p=ns in al1 comparisons). These 

data suggested that HIV-1 resistant women do not exhibit a genedzed defect in IgE isotype 

synthesis. 



Total IgE (TlgE) levels among three 
groups of Kenyan women 

Figure 53: HW-I Resislant women do not d i b i t  a generalizeii defect in IgE i s o ~ p e  
P-IL. Piasma sarnples f?om resistant women (e , IF-27). suscepncble women (O, n* 1) 
and 10w Flsk women (A, n=l8) were assayed for Total plasma IgE levels by ELISA as 
describeci. Each symûol represents one abject. Horizontal bats represent median vdue~. 
Statistid sisnificance was determineci by Mann-Whitney U test (resistant women versus 
susce@ble women, pi ns; suscepttibe women versus IOW risk womem, p=ns; restant womm 
vems 1ow risk women, p w ) .  



DISCUSSION 

1. CHARACTERIZATION OF TYPE-1ITYPE-2 CYTOKINE RESPONSES OF 

HW-1 RESISTANT KENYAN WOMEN 

The potential role of type-l/type-2 cytokine response in resistance venus 

susceptibility to HIV-1 infection was examined in the present study. Initially, it was 

hypothesised that differentid virus specific type- lkype-2 cytokine responses were associated 

with chical resistance versus susceptibility to HTV-1 infection among Kenyan women. HIV- 

1 specific cytokine responses in HIV-1 resistant and HIV-1 positive CDC stage 1 Kenyan 

sex workers were examined following short-term culture with the virus. Al1 subjects 

(resistant and susceptible women) exhibited HIV-1 stimulated responses following primary 

culture with inactivated HIV- 1,- Detailed kinetic studies indicated that peak cytokine 

synthesis occurred on the sixth day of culture in both groups. The nature of the HZV-1 

specifk cytokine response differed markedly in the resistant and susceptible populations. The 

resistant group exhibited significantly higher EN-y  production than did the susceptible group 

in response to the virus-mediated stimulation (Mann-Whitney p4.004). IL-2 was not 

examined as it is an unreliable indicator of type- 1 cytokine synthesis (O' Garra, 1998; Abbas 

et al, 1996). In marked contnst, median HIV-1, dnven IL-4 production was >20-fold 

higher in susceptible women compared to the resistant population (Mann-Whitney p4.005). 

Healthy, low nsk presumably unexposed women (n=l 1) did not exhibit detectable cytokine 

responses following culture under the same conditions. When the data are examined as the 

ratio of virus driven IL-4:IFN-y production, a widely used strategy for evaluation of type-1 

versus type-2 dominance of immune responses (Romagnani, 1997; Abbas et al, 1996), 
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resistant subjects exhibited patterns comrnonly termed "type- 1 dominance" while susceptible 

*. 

women displayed "type-2 dominance" (Mann-Whitney p<0.0002). 

A novel aspect of this study was the analysis of recall cytokine responses to whole 

inactivateci HIV-1,. While the hypothesis that HiV-1 disease progression is associated with 

a TH1 to TH2 switch has been widely investigateà, studies have primarily been conducted 

using polyclonal or HIV-1 peptides rather than whole virus. Although use of HIV-1 peptides 

is a better approach than using polyclonal activators, HIV-1 infecteci subjects may not show 

detectable responses because of MHC restriction, as has been demonstrated recently using 

gp 160. In one snidy, only 34% of patients examined exhibited proliferative responses to 

gp16, suggesting that MHC restriction may inteflere with the analysis of immune responses 

using proteins/peptides as opposed to the use of the whole pathogen itseLf(Kim et ai, 1997). 

Most studies of human type- 1 or type-;! dominance to HIV- 1 used cytokines ( i-e. IL- 

2, IL- 1 O) are poor type-l/type-2 uidicaton (Clerici et al, 1997, 1996 and 1994). Given that 

most Mmune responses and individual T cells kely  exhibit a much more cornplex spectnm 

of cytokine responses than the bimodal pattern initially proposed (Kelso, 1995; Mossman, 

1996; Allen and Maizels, 1997), and given that several investigators have utilized cytokines 

such as IL40 which is a poor representative of type-2 activity in humans (Clerici et al, 1997, 

1996 and 1994; Daftaian et al, 1997). W - I  dnven response of several other "type-2 

associated" cytokines was evaluated. Notwithstanding the 20-fold iower median of IL4 

synthesis seen upon HN- 1 mediated activation in resistant women, virus stimulated IL4 3 

production was intense and equivalent in both groups. HN-1 dnven IL-5 responses were 

mxginally higher in the resistant population exhibithg a median of 71 pgml response 

among resistant versus an undetectable ( 4 . 9  pg/rnl) responses in seropositive subj ects 
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0 . 0 4 6 ) .  Also, IL-5 :IFN-y and IL- 13 :IFN-y ratios were comparable in resistant and 

"fected groups @X.05,), arguing against a broad type-2 association with resistance or 

susceptibility. IL10 production not associated with either human THI or TH2-üke T ce11 

clones in vitro nor type-l or type-2 responses in vivo (Del Prete et al, 1993; Abbas et al, 

1996), was produced to a similar extent in both resistant and susceptible populations 

(~4 .34) .  Similarly, HIV-1 driven IL4 0:IFN-y ratio was also comparable between the two 

groups. 

Use of polyclonal activators as surrogate Ags elicit intense, hence readily quantified, 

responses. However, it frequently activates different intrzcellular signalling events and 

elicits expression of different patterns of cytokine synthesis h m  those seen following MHC- 

dependant T ce11 activation (Cantrell, 1996). Previous cornparisons seeking to identify 

associations between differential cytokine responses and disease progression have usually 

relied on a variety of polyclonal activators or, in some cases, HTV-1 peptides ( G O  amino 

acids) to evaiuate the net HIV-I specific immune response (Clenci et al, 1997 and 1996; 

Alonso et al, 1997; Meyaard et al, 1996). Thus, for cornparison with previous shidies, 

cultures were established using PHA. Cytokine responses were consistently evident in both 

resistant and seropositive subjects that were typically 5-50 fold more intense than those seen 

for that individual's recall response to HIV-1. However, whereas PHA stimulated type-l 

(IFN-y) synthesis was marginally higher among resistant women @=0.047), none of the type 

-2 (IL-4, IL-1 3, IL-5 or IL- 1 O) cytokine synthesis differed between the two groups. On the 

otherhand, PHA stimulateci IL-4:IFN-y (p4.006) but not other type-2:type-1 ratios, and was 

significantly di fferent between resistant and susceptible women. Cornparisons of HIV- 1 

versus PHA driven cytokine responses clearly indicates that only HIV-1, but not PHA, 
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consistently distinguishes resistant women from susceptible women. Because, whether 

individual cytokines (IL4 or IFN-y) were examined or their ratio (IL-4:IM-y), only HIV-1 

dnven responses identifiecl signifcant t e rences  between the two groups. Ori the otherhand, 

PHA driven cytokine response was either not different (IL-4) or rnarpinaIly Mirent (EN-y) 

when individual cytokines were examined, or was significantly different when IL-4:IFN-y 

ratio was compared. This suggests an inability of PHA to consistently distinguish between 

the two groups. This again underlines the importance of using conventional Ags for analysis 

of human cytokine responses. 

While quantitative cornparison of one cytokine with another is difficult, it appears 

that a key differentiator of resistant and stage 1 infected subjects is the nature and the 

intensity of the cytokine response elicited upon W-1 exposure. Specifically, cluiical 

resistance and susceptibility to HN-1 infection appear to be differentiated by virus-driven 

reciprocal differences in the intensity of IFN-y and D L 4  cytokine production. The data also 

argue that resistance to HIV-1 is independent of IL40 or IL-1 3 responses in these women. 

Furthemore, W - 1  driven IL-5 responses were higher arnong resistant women. Thus, 

resistance versus susceptibility to HTV-1 uifection in these subjects is not readily 

interpretable in ternis of generalized TH1 or TH2-skewing of the HN-1-specific response. 

This study demonstrates, for the h t  time, an association of reciprocal synthesis of 

virus driven IFN-y and IL-4 cytokines with resistance versus susceptibility to HIV- 1 

infection. This pattern of reciprocai synthesis of IFN-y and I L 4  is reminiscent of the 

cytokine profile observed in human atopy. In fact, reciprocal synthesis of IFN-y and IL-4 

underlies clinical tolerance (resistance?) or susceptibility to atopic diseases. Thus, whereas 
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allergic individuals exhibit IL4 dominated response to ailergens, c linically to lerant non- 

allergic subjects exhibit an IFN-y dominated response to the sarne aflergen (Romagnani, 

1997; h a d a  et ai, 1995). However, such reciprocd pathogen dnven synthesis of IFN-y and 

IL-4 in relation to resistance versus susceptibility to infectious agents, has not been 

previously demonstrated in humans. 

Findings fiom this study are consistent with animal models of resistance versus 

susceptibility to disease. The relationship of reciprocal synthesis of IFN-y and I L 4  to disease 

susceptibility or resistance has been more clearly elucidated in animal models of infectious 

diseases, atopy and autoimmune diseases. Thus, resistance or susceptibility to L. major in 

the mouse model is associated with reciprocal production of IFN-y and IL-4, although later 

studies using I L 4  knockout mice revealed that reduced IFN-y, rather than enhanced IL-4, 

per se, determined the susceptibility in this mode1 (Murphy, 1998). In murine models of 

candidiasis (Romani et al, 1 994), trypanosomiasis (Nickel1 et al, 1993; Perito et al, 1 W2), 

influenza (Graham et al, 1994), cNamydia (Rank et al, 1 Wî), and Lyme disease (&de et al, 

1998), it has been s h o w  that TH1 responses/celIs confer protection Eom infection. Also, 

extensive animal model studies over the past five years provide evidence for reciprocal IFN-y 

and IL-4 responses with allergic immune responses (Romagnani, 1997, HayGlass, 1995). 

Furthemore, a number of studies reveai reciprocal synthesis of IFN-y and IL4 in relation 

to resistance or susceptibility to iwulin-dependent diabetes mellitus in humans a s  weil as in 

animal models (Solimena et al, 1996; Wilson et alm 1998). Thus, in essence, some human 

diseases and several animal studies provide clear evidence for association of reciprocal IFN- 
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y and IL4 synthesis with resistance versus susceptibility to infectious, autoimmune and, 

atopic diseases. 

Since the resistant women exhibited an IFN-y dominateci cytokine response to HN-1, 

the question whether they have a general tendency of enhanced Ag driven IFN-y (type-1 me) 

cytokine production was addressed. To test this possibility, I M - y  response of HIV-1 

resistant women was compared with a group of HIV-1 negative low risk women. This 

cornparison was based on the following rationale: both groups are HIV-1 negative (sero- 

negative, PCR negative); however, resistant women are sex workers who are intensely 

exposed to HIV-1 whereas the low risk wornen are not sex workers and hence are 

presumably at lower nsk for exposure to HIV- 1. Furthexmore, they did not elicit recall 

cytokine response to W - 1  in Mho in the present study. 

IFN-y cytokine responses were compared using a panel of common recall Ags (SIS 

and PPD) and mitogens (PKA, anti-CD3 mAb). However, both Ag driven as well as mitogen 

driven IFN-y synthesis was consistently similar between the two groups (Mann-Whitney p 

M.05 for al1 comparisons). These data argue that HIV- 1 resistant women do not exhibit a 

general tendency to synthesize elevated levels of IFN-y cytokine compared to low risk 

women following Ag or rnitogen mediated activation. This also suggestç that enhanced vinis 

driven IFN-y response of resistant wornen is likely an W - 1  restricted phenornenon. 

Subsequently, the hypothesis that HN-1 resistant women may have a general 

tendancy to synthesize reduced Ag driven IL-4 was examined. Thus, recall Ag (SK and PPD) 

driven type-2 cytokine synthesis was compared between resistant and low risk women. 

Remarkably, IL-4 production to both Ags examined revealed a significantly lower 



149 
production in resistant women when compared to low nsk women (Mann-Whitney p4.01 

for SK and p=0.001 for PPD). Furthermore, IL- 13 production was either margindly or 

significantly lower among resistant women for SK 0 . 0 4 2 )  and PPD @=0.02), 

respectively. IL-5 production to PPD was significantly lower in resistant women compared 

to low risk women @=0.03), but not to SK @*.OS). These data also raise the possibility of, 

but do not prove, a generalized tendency of reduced Ag dnven IL-4 responses among the 

resistant wornen because, in this shidy, ody two environmental Ags were examined. In order 

to test a general tendency, it may be required to examine a large panel of Ags derived fiom 

different sources because there may be differences in cytokine responses with other types of 

Ags. 

The PBMC fkom resistant women, when stimulated with PHA, exhibited 

signincantly lower fkequency as well as intensity of IL-4 responses than the low risk women 

(Mann-Whitney p=0.006). In addition, resistant women also exhibited lower levels of IL-13 

compared t low risk women (Mann-Whitney pC0.02). In conhast, both groups secreted 

comparable levels of I L 5  and IL-IO to PHA stimulation (Mann-Whitney pX.05). As 

opposed to PHA, anti-CD3 rnAb driven cytokine responses (al1 cytokines examined 

including IL-4) were similar between the two groups. Therefore, it is highly unlikely that 

resistant women are totaily deficient in I L 4  protein synthesis. Comparing recall Ag versus 

mitogen driven cytokine responses together suggests that reduced Ag driven IL-4 synthesis 

among resistant women is not due to an intrinsic hability to synthesize IL-4 protein, since 

resistmt women synthesised simila. levels of IL-4 protein cornpared to low nsk women on 

anti-CD3 mAb activation. 
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There are several reports examinùig recall Ag (influenza, PPD) drivai IL-2 responses 

comparing HIV- I positive with W- l unexposed control subjects (Clerici et ai, 1989 and 

1993; Schulick et al, 1993; Golleti et ai, 1998). However, 1 am unaware of stuclies examining 

type-l/type-2 cytokine response to recall Ags (SK and PPD Ag) among resistant compared 

to low risk subjects. 

The data fiom the present study is consistent with a mode1 that prostitutes exhibiting 

reduced HIV- 1 driven IL-4 responses may be resistant to HIV- 1 infection. It is not clear at 

this time whether clinical resistance to MN-1 is the result or the cause of reduced IL4 

responses observed in this study. The possibility that a transient HTV-1 infection of the 

resistant women downreguiated their IL4 responses remains to be clarifieci. However, there 

is no evidence that HIV-1 infection cm downregulate IL-4 responses; on the contmy, HIV- 1 

positive individuals in other studies and positive women in this shidy exhibit enhanced IL-4 

responses. Since it has been dernonstrated that HIV-1 replicates poorly in vitro in TH1 

relative to TH2M'HO-like clones (Maggi et al, 1994; Vyakaranam et al, 1995), it seems 

reasonable to speculate that the unavailabiiity of a suficient number of TIIUTHO-like cells 

for Hnr-I to replicate in resistant women might have contributed to the clearance of HIV-1 

by the default TH1 dominated responses and CTL generation. Furthemore, it was recently 

shown that L-4 induced expression of fiuictional CXCR4 (a coreceptor for T tropic strains 

of HIV-1) on CD4+ T cells, making them vuherable to HN-1 infection (Jourdan et al, 

1998). In light of these recent data, one can speculate that the unavailability of IL4 in 

resistant women for HN-1 mediated activation may interfere with infection of cells with T 

tmpic HIV-1. Collectively, these observatiom raise the possibility that mistant women, who 

exhibit markedly lower HIV-l-driven IL,-4 synthesis in vitro, may be characterized by lower 
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levels of infectious HIV-1 production at initial exposure combined with enhanced clearance 

of HN-1 that is attributable, in part, to intense IFN-y dominated responses and CTL 

generation. 

Foliowing are the limitations of the present shidy: this study was conducted using an 

inactivated virus with the belief that it wodd simulate the in vivo immune response to an 

intact pathogen. However, in vivo, the immune response would be to an infectious virus 

rather than an inactivated virus. Use of clade B virus for analysis of recall cytokine responses 

is another Limitation of this study because the use of currently prevalent Kenyan virus clade 

would have been ideal to study recall responses. Currently, the dominant Kenyan isolates 

belong to clades A, C, and D (Rowland Jones et al, 1997; Zhu et al, 1998). However, recent 

studies on an ancestor virus named ZR59, isolated fiom m c a  (Congo), shows that clades 

B and D may have evolved fiom a single ancestral virus iotroduced into the Anican 

population around 1959 (Zhu et al, 1998). There is dso prelimuiary data nom ou. laboratory 

suggesting the presence of clade B v i m  in Kenya (Murray et al, 1 998). Nevertheless, in the 

present study, virus-specific activation was carried out in vitro using a clade B virus to 

readily allow others to replicate o u  work in other populations. Thus the hding that HIV- 

1, readily evokes cytokine responses among PBMC h m  women with presumably minimal 

exposure to clade B vimses is consistent with the epidemiologic kding that these women, 

who have occupational exposure to a broad variety of HIV- 1 variants within and between 

clades, continue to display resistance despite ongoing W-l exposure. Moreover, fiom 

previous studies in these resistant women, it has been observed that they have a high 

fiequency of CTL to HlV- 1 peptide epitopes that are highly conserved between HIV- 1 viral 

clades (Rowland-Jones et al, 1997). Thus, resistance to HIV-1 in these women appûirs to be 
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broadly cross protective. In conclusion, this data not only illustrates a novel mechanism 

associated with naîural immunity to HIV-1, but also may have implications in the prwention 

and treatment of HN-1 infection and AIDS. This data provide evidence thaf for the design 

of any succesful vaccine or therapy against HIV-1, efforts should be made to reduce IL-4 

production at the site of the Mmune response. 

2. CHARACTERIZATLTON OF IL-12 AND IP-10 RESPONSIVENlESS OF HIV-1 

RESISTANT KENYAN WOMEN 

That resistance or susceptibility to HIV-1 infection among Kenyan women examined 

was strongly associated with differential virus driven EN-y synthesis in vitro raised the 

possibility that these women may also exhibit differential responsiveness to agents that are 

known to promote IFN-y dominated type-1-like response in humans. Thus, the 

responsiveness of these women to IL- 12 (a prototypic IFN-y promoting cytokine) and IP-1 O 

(an alpha chemokine which was recently shown to promote dominance of human IFN-y 

response in vitro) were examined (Trinchieri et al, 1996; Gangur et al, 1998). 

Resistant women exhibited a significantly enhanced constitutive IL- 12 

responsiveness compared to susceptible women (pt0.01). More significantly, resistant 

women exhibited significantly higher IL- 12 responsiveness compared to susceptible women 

on HTV- 1 mediated activation @=0.00 1). Analysis of constitutive IP- 1 O responsiveness in 

the two groups showed that they were similar. However, resistant women exhibited 

significantly enhanced IP- 1 O responsiveness wO.05) on virus mediated activation relative 

to the susceptible women. These hdings together suggest that: 1) differential virus dnven 

IFN-y synthesis observai among resistant women and susceptible women in vitro may be 



153 
secondary to differential IL-12 and IP-10 responsiveness on virus mediated activation of 

PBMC fiom these women; 2) ongoing HIV-1 replication may have led to reduced in vitro 

IL-12 and IP-10 responsiveness as evident in susceptible women; and 3) despite continuous 

chronic exposures to HIV-1, resistant women have retained a strong IL-12 and IP-10 

responsiveness in vitro. 

Exogenous rIL-12 (as little as 25 pg/ml) or IP-IO (0.1 ng/ml), when added to the virus 

stimulated cultures, could enhance FN-y  response among susceptible women to similar 

levels found among resistant women with virus alone. However, it is not clear at this tirne 

whether the IL- 12m-I O enhanced IFN-y response observed in susceptible women is T ce11 

derived, because IL-12 and IP-10 can also act on NK cells to induce FN-y  synthesis 

(Trinchieri et al, 1996; Maghazachi et al, 1 997). Nevertheless, this &ta suggest that r u -  12 

and rhIP-10 may represent potentially suitable therapeutic agents for promoting IFN-y 

responses among HIV- I infected subjects. 

I am not aware of studies examining IL- 12 or IP- 1 O responsiveness in relation to 

resistance versus susceptibility to HN-1 infection. There are, however, previous reports 

examinhg the potential of rIL-12 to reconstitute in vitro proliferative ancilor cytokine 

responses of HIV- 1 positive subj ects. Thus, Clerici et al (1 993) reported that proliferative 

IL-2 responses to HlV-  1 peptides and influenza Ag was restored in vitro by the addition of 

rIL-12 to cultures. Others found that rIL- 12 enhanced prolifmtive and IL-2 response to HN- 

1 peptides, recall Ag (tetanus) and PHA (Seder et al, 1995). However, the effect on IFN-y 

production following Ag mediated activation was not reported in these studies. ResuIts h m  

the present study demonstrate that the addition of rIL-12 to cultures of Hnr-1 positive 

subjects restored IFN-y responses, a novel Ming.  However, notably there are the following 
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ciiffernices between this and the previous two shidies: 1) inactivated whole vinis was used 

here as opposed to env peptides; 2) restoration of IFN-y instead of IL2 response was 

examined here using rhIL-12; and 3) most importantIy, restoration of IFN-y responses among 

positive subjects was compared with those of HTV- 1 resistant women in this study whereas 

the previous studies compared IFN-y response among positive subjects before and d e r  

addition of rIL- 12 in cultures. In addition, many shidies report restoration of proliferative 

responses of HIV-1 positive subjects to HIV-1 proteins or several recall Ags (SK, tetanus, 

candida) by IL12 (Uherova et al, 1996; Blauvelt et al, 1996; De Fransesco et al, 1996; 

Landay et al, 1996). 

IL-12 responsiveness has not been previously examined in relation to resistance 

versus susceptibility to HN- 1 or other infectious diseases in humans. However, there are 

some recent studies examining IL- 12 responsiveness in human dlergic disorders. Van der 

Pouw Krann et a1 (1 997) reported that where non-atopic control subjects exhibit significantly 

enhanced IFN-y response to IL-12, subjects with allergic asthma exhibited significantly 

reduced IL- 12 responsiveness. Furthermore, HayGlass et al (1 997) reported that constitutive, 

but not Ag driven, IL- 12 responsiveness was significantly higher among clinically tolerant 

non-allergic subjects compared to allergic rhinitis subjects. ln principle, results £kom the 

present study (Le., Hnr- 1 resistant women exhibit enhanced type- 1 [IFN-y] response as weii 

as IL- 12 responsiveness on virus mediated activation) are consistent with a previous report 

that non-allergic subj ects exhibit elevated type- 1 response and IL- 1 2 responsiveness on 

allergen rnediated activation (Van der Pouw Krann et al, 1997). 

In contrast to humans, a series of reports implicate IL12 responsiveness in resistance 

to Leidmania major infection in mice. Evidence for the association of genetic susceptibility 
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to L. major infection with a defect in IL- 12 responsiveness was reported in a mouse modei 

(Guller et al, 1996). Thus, the susceptible Balb/c mouse exhibited a loss of IL-12 

responsiveness (as assessed by IFN-y synthesis) on &-CD3 mAb mediated activation. They 

concluded fkom this study that the susceptibility of Balbk mice to infection with L. major 

may denve nom the loss of ability to generate IL42 induced TH1 responses (Murphy, 

1998). Furthermore, a genetic locus controllhg this phenotype has been mapped to mouse 

chromosome 1 1 (Gorham et al, 1 996). In essence, ciifferenGa1 IL- 12 responsiveness seems 

to underlie resistance versus susceptibility to L. major infection in mice. Thus, findings fiom 

the present study that resistance versus susceptibility to HIV-1 infection is associated with 

di fferential IL- 1 2 responsiveness is consistent with these previous reports on L. major 

infection in mice. 

Whereas IL-12 responsiveness has been examined in much detail in mice and to a 

lesser extent in humans (as discussed above), differential IP-IO responsiveness has not been 

reported in humans or mice in relation to diseases. Thus, to my knowledge, the present study 

represents the k t  examination of IP-1 O responsiveness in relation to HIV-l/AIDS. 

Since HIV- 1 resistant women exhibited enhanced IL- 12m- 1 O responsiveness 

compared to susceptible women, the hypothesis that resistant women rnay have a general 

tendency to exhibit enhanced IL- IZIIP- I O responsiveness on Ag mediated activation was 

tested. For this, IL-12m- IO responsiveness of HIV-1 resistant women was compared with 

that of low risk women. However, results fiom these experirnents provided evidence that 

resistant women do not differ fiom Iow risk women in either constitutive IL-12m-IO 

responsiveness o r  on Ag (SK or PPD) mediated activation. As described in previous sections, 

these results are consistent with the hdings that resistant women do not differ h m  low risk 
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Kenyan women in Ag (SK or PPD) driven IFN-y responses, although they do exhibit 

enhanced IFN-y response to HN-1 compared to susceptible women. 

In summary, these data argue that: 1) resistance versus susceptibility to HIV-1 

infection among Kenyan women is associated with differential IL-12 and IP-10 

responsiveness in vitro; 2) enhanced IL- 12m- 1 O responsiveness do not seem to represent 

a special feature of resistant women because they do not differ h m  low nsk women in this 

phenotype on SK or PPD Ag mediated activation; and 3) rhIL-12 and rhIP-10 may represent 

potential therapeutic agents to promote IFN-y responses among HIV-1 infected subjects. 

3. ANALYSIS OF ANTIGEN SPECIFIC IGE AB AND TOTAL PLASMA IGE 

LEVELS OF HIV-1 RESISTANT KENYAN WOMEN 

Among the irnunoglobulins (Ig) present in the plasma, IgE is the most rninor 

component (4.003% of al1 Ig) (Janeway C 1996). However, 1g.E mediated immune defense 

is vital for protection against helminth parasites, which are endemic in f i c a  It is now weU 

established that IgE synthesis is reciprocally regulated by EN-y (negative regulator) and IL- 

4AL-13 (positive regulators) cytokines (Rornagnani, 1997; Bacharier et al. 1998). In 

particdar, IL4 was the original class switch factor discovered for IgE isotype synthesis via 

induction of germ line epsilon transcripts (Delphin et al, 1999, although later studies have 

identified a similar hinction for IL13 (Bacharier et al, 1998; Punnonen et al, 1997). The 

previous analysis of cytokine responses to HIV- 1 among Kenyan women provided evidence 

for association of resistance versus susceptibility witn reciprocal syntbesis of IFN-y and IL-4 

cytokines (Figures 13 andl4). Therefore, it was of obvious interest to characterize IgE profile 

of these women, especially their systemic levels of HXV-1 specific IgE Abs. 
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The hypothesis that differential production of virus specific IgE Ab may be 

associated with resistance versus susceptibility to HlV- 1 infection was addressed in this 

component of the study. As evident nom the andysis of HïV-1-specific IgE Ab levels in the 

plasma, most of the resistant women (24/27 [89%] examined) did not exhibit HIV-1 specific 

IgE Ab. Absence of HIV-1 specific IgE Ab among the Iow risk women was expected because 

these subjects are at low nsk for acquiring HIV-1 infection. In contrat, KIV-1 resistant 

women, who are continuously exposed to HIV-1 due to their profession and high risk 

behaviour, exhibited markedly reduced fiequency of HIV-1 specific IgE Ab in the plasma 

relative to susceptible women. The absence of HIV-1 specific IgE Ab in both resistant as 

well low risk women is unlikely related to their not being infected with HIV-1, but rather 

because resistant women exhibit HIV-1 specific CTLs which Mplies past HIV-1 replication 

(Fowke et al, 1996 and 1994). Therefore, an alternative possibility is that marked deficiency 

of HIV- 1 specific plasma IgE Ab rnay be associated with resistance to HIV-1 Section. This 

is m e r  supported by the presence of high fkquency as well as intensity of IW-1-specific 

IgE Ab detectable in the susceptible wornen (who are also sex workers). These data provide 

evidence that resistance, but not susceptibility, to HIV-1 infkction is associated with marked 

deficiency of HIV-1 qecif ic  plasma IgE Ab despite continuous exposure and evidence of 

past HIV- 1 replication. This data is also consistent with the HIV- 1 specific IL-4 and IFN-y 

synthesis in vitro which has been descnbed in the previous chapter. 

Since resistant women did not exhibit HIV-I specific IgE Ab in the plasma, the 

hypothesis that they may have a generalized defect in class switching to IgE isotype was 

addresseci. This hypothesis was tested by examining plasma IgE Ab levels to common 

environmental ailergais. Mite and cat dergens were examhed because these are ubiquitous 
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and weil characterized environmental Ags (ailergens) which induce IgE Ab synthesis in vivo, 

bind specifically to IgE, and kequently precipitate allergie diseases. They represent the two 

most common allergies worldwide. The results revealed that resistant women exhibited 

similar levels of allergen specific IgE Ab to that of low nsk women. Consistent with specific 

IgE Ab levels, total plasma IgE levels were also found to be highly similar between resistant 

and low risk women. Together, these data suggested that resistant women do not exhibit a 

generalized defect in class çwitching to IgE isotype and, despite chronic ongohg exposure 

to W - 1 ,  seem to have intact T ce11 help required for IgE class switching. 

Recent studies have shown that: 1) in addition to IL-4, IL43 can help as a switch 

factor for IgE synthesis (Bacharier et al, 1998); 2i) it was recently demonstrated using IL4 

-1- mice in the absence of L-4 and IL-13 can help in IgE synthesis (Bancroft et al, 1998; 

Urban Jr. et al, 1998); and 3) more importantly, using IL&/- and IL-13 -1- mice, a critical 

role for IL43 in resistance to intestinal nematode infection (which was independent of IL-4) 

was demonstrated (Bancroft et al, 1998; Urban Jr. et al, 1998). niese shidies are consistent 

with the present data that HN- 1 resistant women, although they exhibit signincantly reduced 

recall Ag (SK and PPD) dnven I L 4  their ability to produce IgE Ab to aliergens or their total 

plasma IgE is not compromised. Therefore, it remains to be examined whether HIV-1 

resistant women exhibit IL4/rr,-13 responses to environmental allergens such as dust mite 

and cat allergens. 

1 am unaware of any previous study examining HIV-1-specific IgE Ab responses in 

the context of resistance versus susceptibility to HN-1 infection. However, there is a deluge 

of information on IgE levels in relation to disease progression and AIDS. In these studies, 

total s e m  IgE as well as specific IgE Ab to environmental Ags (air borne and food 
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aiiergens) was compared between MV-1 positive and negaîive control groups. In most cases, 

serum IgE Levels are increased in HIV-1 positive subjects as they progress towards AIDS 

(Dolececk et al, 1995; Koutsonikolis et al, 1996; Lucey et al, 1990; Shor-Posner et al, 1995; 

Vigano et al, 1995). Othen did not find such changes in semm IgE levels (Wright et al, 

1990). However, for specific IgE Ab, there is no consensus. Most studies f o n d  no increase 

in specific IgE Ab (Wright, 1990; Goetz et al, 1997; Vigano, 1995); others found selective 

increase in IgE Ab to fiingal but not other Ags examineci (Maggi et ai, 1989). In particular, 

studies examining HDM and cat Ag specific IgE Ab find reduced levels of specific IgE Ab 

to these allergens in their subjects as they progressed to A I D S  (Goetz et al, 1997). This is 

consistent with the present study where reduced mite and cat specific IgE Ab were detected 

in HTV-1 infected subjects relative to low risk women. It should be noted that the above 

studies did not examine HN-1 -specific IgE Abs. There are very few studies which examined 

HIV- l -specific IgE Ab in HIV- 1 infected subjects: Khalife et al (1 988) found the presence 

ofgag-qecific IgE Ab in hemophiliacs but not in homosexuals, and suggested that this may 

be related to the route of exposure to HIV-1; recently, Miguez-Burbano et al (1 997) found 

HIV-1 specific IgE Ab in newborn babies and suggested that IgE based assays rnay be usefûi 

for early detection of W - 1  infection in infants since IgE does not cross the placenta; and 

Secord et ai (1996) reported the presence of HIV-1-specific IgE Ab in a subgroup of HIV-1 

positive children who were clUiically healthy, and suggested that IgE may play a protective 

role against disease progression. In contrast to these studies which examined HIV-1 specific 

IgE Ab in HIV-1 Mected subjects, 1 am unaware of reports examining HIV-I specific IgE 

Ab in resistant subjects. 
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In summary: 1) HIV-1 resistant women exhibit matked deficiency of HIV- 1 specific 

plasma IgE Ab despite ongoing exposure to HIV-1 and evidaice of past KIV-1 replication; 

2) HIV-1 resistant wornen do not exhibit a generalized deficiency in IgE class switching or 

plasma levels of IgE; 3) the inability of resistant women to produce HIV-1 specific IgE Ab 

seems to be limited to HIV-I because they made significant levels of IgE Ab to other Ags, 

such as  dust mite and cat allergens; 4) the ability of resistant women to make similar levels 

of IgE Ab to environmental allergens suggests that the T ce11 is required for IgE Ab synthesis 

and is fûnctionally intact, despite chronic ongoing exposure to HIV- 1 ; 5) HIV- I susceptible 

women exhibited reduced allergen @ D M  and cat) specific IgE Ab suggesting the impaired 

fimctional s t a t u  of their T ce11 system, perhaps due to ongoing HIV-1 infection; and 6) this 

data, together with ment findings that resistant women exhibit HIV-1 specific IgA Ab in the 

mucosa (Kaul R et al 1998), suggest that the B ce11 system of resistant women do not have 

an Uitrinsic defect in Ig isotype class switching, despite chronic ongoing exposures to HIV- 1. 

4. SUMMARY 

The present study was conducted to examine the type-l/type-2 cytokine response as 

a potentid immune mechanism associated with clinical lesistance to HIV-1 infection among 

Kenyan women. Use of inactivated whole virus to examine recall cytokine responses 

represents a novel aspect of the approach used for this investigation. Major findings from this 

study are as follows. Chical resistance versus susceptibility to HIV-1 infection among 

Kenyan women is associated with: (a) reciprocd in vitro synthesis of v i .  dnven F N - y  and 

IL4 cytokines; (b) marginally enhanced Wus dnven IL-5 (among resistants) but simila. IL- 

10 and IL- 13 responses; (c) selective imbalance in virus dnven IL-4:IFN-y but not in other 
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type-2:type- 1 cytokine ratios; (d) differential IL- 12 and IP- 10 responsiveness on virus 

mediated activation; and (e) differential virus specific IgE Ab levels in the plasma 

HIV- 1 resistant women do not differ h m  Iow nsk Kenyan women in : (a) recall Ag 

(SK and PPD) driven IFN-y responses; (b) IL- 12 and IP- 1 O responsiveness on Ag (SK and 

PPD) mediated activation; and (c) plasma levels of ailergen (cat and HDM) specific IgE Ab 

or total IgE. However, HIV-1 resistant wornen exhibit markedly reduced recall Ag (SIC and 

PPD) driven IL-4 responses. 

The present shidy has generated the following hypotheses which remain to be tested: 

1) HIV-1 resistant women may have a generalized defect in Ag driven IL-4 responses; and 

2) this defect may underlie protective immune response to HIV-1 infection among resistant 

Kenyan women. 
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PART-II. CHARACTERIZATION OF NEONATAL TYPE-l/TYPE-2 

CYTOKINE RESPONSES 

INTRODUCTION 

1. OVERVIEW 

The study on the neonatd immune system is of vital importance because, during this 

paiod, a) individuals acquire the ability to distinguish self fiom non-self (Schwartz, 1989); 

b) tolerance to self Ag occm in the penpheral immune system to prevent potential 

autoimmune diseases (Schwartz, 1989); and c) the development of mernory cells required 

to fight against infectious diseases develop (Hayward et al. 1989; Lewis et al, 1991). Studies 

on the neonatal immune system aiso provide information to define the nomal pathways of 

expansion and differentiation of immune cells, and this information cm give insight on the 

observed enhanced susceptibility of neonates to infectious and allergic diseases (Fallon, 

1989; Lewis and Wilson, 1995). 

An effective strategy to prevent and control infectious and atopic diseases among 

children is to induce protective immune responses a g a  various infectious agents and 

allergens in utero or at birth by prophylactic vaccinations. However, lack of a clear 

understanding on the abilities of the fetal or neonatal immune system, in texms of its maturity 

to generate protective immune responses, remains a major problem. 

Humoral immune responses of neonates has been widely studied and the data suggest 

that neonates c m  generate specific Ab responses which are mainly of the IgM class (Lewis 

and Wilson, 1995). However, the statu of ce11 mediated i m m ~ t y ,  especially cytokine 
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responsiveness, remains to be defhed. It is an important area to investigate, especially 

because of the proposal that cellular immunity at birth may infiuence the incidence, 

progression and prognosis of pediatric AIDS (Clerici et al, 1993). Thus, it has now becorne 

increasingly important to d e h e  the developmental tirnetable of immune responses in 

neonates to delineate whether the lack of a given response is a normal ontogeny or if it 

reflects an underlying disease state. 

2. REVIEW OF LITERATURE 

2.1 Review of NeonataI T CeIIs 

2.1.1 Neonatal T cell phenotype 

The T (thymus) lymphocytes are a class of lymphocytes that originate fiorn 

the stem cells in bone mmow, but undergo maturation and differentiation in the 

thymus. These cells are the main mediators of cellular immune responses. These 

respomes are necessary for protection against infectious diseases. The T ceiis can not 

recognize the Ag directly, but they recognize Ag denved peptide fkgments bound 

to the MHC molecules on Ag presenting cells (Janeway, 1996). 

The T cells express receptorç (Le., TCR) that recognize both MHC and the 

antigenic peptide. The TCR is compnsed of two chains, each with a constant and a 

variable portion. The TCR is associated with the CD3 molecules on the ce11 surface. 

Once the TCR is engaged with the MHC-peptide complex, the signal is transduced 

into the T celis via the CD3 complex (Janeway, 1996). 

The T cells of adults express a number of sUTface molecules, some of which 

are present on al1 T cells @an T ce11 marker, eg., CD3). while others characterize 
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subsets (for example, CD4 for T helper ce11 and CD8 for cytotoxic T cells) (Janeway, 

1996). The development of T cells expressing these and other important surface 

molecules has been widely studied and is reviewed below. 

2.1.1.1 CD3 + T ceiis: The CD3 molecule is a pan T ce11 marker. 

Functionally, CD3 is important because it transduces signal fiom the TCR 

into the cytoplasm of the T ceil. From the second trimester onwards, the 

number of T cells in the fetal circulation gradually increases during 

pregnancy (Hohlfeld et al, 1990). This increase continues for about six 

rnonths after bkth, followed by a gradua1 decline to adult levels during 

childhood (Erkeller-Yuksel et al, 1992). The levels of CD3 on neonatai T 

cells are also reported to be similar to that of adult T cells (Wilson et al, 

1985). 4 

2.1.1.2 CD4 and CD8 + T Ceils: T cells are phenotypically and 

functionally classified into two main types - helper and cytotoxic T cells. 

This is based upon the presence of ce11 surface markers CD4 and CD8. Thus, 

CD4+ T cells are called the helper lymphocytes because they secrete 

cytokines and help the B cells to produce antibodies. They also mediate the 

DTH response and ac tivate macrophages to kill the intracellular pathogens. 

CD8+ T cells are known as the cytotoxic T cells. The main function of CD8+ 

T cells is to kill virus-infécted or neoplastic ceiis (Abbas et al, 1996; 

Janeway, 1996). The physiological ratio of CD4:CD8+ T ceils in adults is - 
2:l (Stites 1996). 
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In humans, by 14 weeks gestation, CD4 and CD8 T cells have been 

demonstrated in fetal liver and spleen (Asma et al, 1983). The ratio of CD4 

to CD8 T cells in the circulation is high during fetal life (about 3.5) and 

gradually declines with age and reaches the adult ratio of 2 by age 4 years 

(Campbell et al, 1974). The levels of CD4 and CD8 proteins on neonatal T 

cells is similar to that of adult T cells (Wilson, 1985). 

2.1.1.3 Naive and memory T ceus in neonates. The immune system 

has a remarkable capacity to remember the Ag it had encountered before. 

This irnmunological memory helps an individual to respond more quickly 

and more intensely if the same pathogen is encountered again. 

Immunological memory is maintained by the memory T cells which are 

generally characterized by the expression of the surface molecde CD45RO. 

On the other hand, naive T cells generally express CD45RA (Clement et al, 

1988; Piereme et al, 1992). 

The presence of such markers has been studied in neonates. There is 

a common consensus from different phenotypic studies that circulating 

neonatal T cells predominantly express a sUTface phenotype similar to the 

Wgin subset of T cells in adults (CD45fiA+CD45RO-CD2910) (Teder et al, 

1985; Gerli et al, 1984; Sanders et al, 1988). However, the CD45RO + cells 

(memory cells) increase with age after birth, presumably due to cumulative 

antigenic exposures and T ceIi activation (De Paoli et al, 1988; Hayway et al, 

1 989). Unlike adult Wgin T cells, virtually d l  peripherd fetal and neonatal 

T cells express the CD38 molecule (Wilson, 1985). This molecule is present 
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on most thyrnocytes, suggesting that the peripheral T cells in the fehis and 

neouates may be in the transitional phase of development. It was reported that 

CD40 ligand, which interacts with CD40 on B cells to provide a CO-stimulus 

essential for Ig isotype switching nom IgM to IgG, A or E (Fuleihan et al, 

1995), is weakly expressed on activated cord blood T cells compared to adult 

T cells, and is hilly expressed only after in vitro priming (Brugnoni et al, 

1994; Durnandy et al, 1995; Nonoyama et al, 1995; Fuleihan et al, 1994). 

In essence, based on surface rnarker anaiysis, whereas there is no 

major difference in CD3, CD4 or CD8 T cell number between the neonate 

and the adult peripheral circulation, neonatal T cells have been regarded as 

naive or virgin cells (Lewis and Wilson, 1995). However, these studies are 

phenotype-based and therefore do not necessarily provide detailed 

information on the function of neonatal T cells. 

2.1.2 Neonatal T helper ceii functions 

T helper ce11 functions have been classically studied by two methods: 1) 

proliferative responses; and 2) cytokine responses. Whereas the former estimates the 

ability of memory T cells to respond by proliferation on in vitro challenge, the latter 

elucidates the quality of memory T ce11 recall response (for example, whether the 

response is IFN-y, IL-4, or IL-10 dorninated). 

2.1.2.1 T ceii proliferation studies. The proliferative responses of 

neonatal T cells have been examined using a number of stimuli: (i) rnitogais 

(like PHA, concavelin A); (ii) alloantigens; (iii) superantigm; and (iv) 

conventional antigendallergens (Lewis and Wilson, 1995). Prolifmtive 
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responses to these stimuli have been reported to be negiigible (Harris et al, 

1992), less than (Rosenberg et al, 1983; Granberg et ai, 1986; Ayoub et al, 

1971), equal to (Clerici et al, 19931 Campbell et al, 1974; Deacock, 1992; 

Risdon et al, 1995) or more than (Deacock, 1992; Risdon et al, 1994; 

Campbell et al, 1974; Cm, 1972) the response of adult PBMCs. Thus, there 

is no consensus on the stanis of T ce11 proliferative responses of neonates to 

the above mentioned stimuli. 

In contrast to phenotype-based studies as discussed before, which 

suggested that neonatd T cells are functionally naive, there are reports on the 

proliferative responses of cord blood mononuclear cells (CBMC) to Ags 

derived fÏom microbes such a s  PPD, Candidais and Paracoccidoides ( M d  

et al, 1995; Sliiratsuchi and Tsuyuguchu, 198 1) as well as allergens derived 

from HDM and ovalbumin (HoIt et al, 1997). Although these studies suggest 

the presence of memory (primed) T cells in CBMC, the underlying 

mechanism(s) of this phenornenon are under intense investigation. 

In essence, in contrast to the consensus on phenotype of neonatal T 

cells, the functional studies based on proliferation of neonatal T cells have 

remained largely inconclusive. 

2.1.2.2 Type-lltype-2 cytokines in neonates. Cytokines are 

molecular messengers that orchestrate the various cells involved in an 

immune response such as APC, T and B cells. They are producecl by many 

nucleated cells in the body and act on a variety of target ceus. Cytokines play 

an important role in normal physiological development of an individual, and 
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modulate inflammation and immune responses (Mosmann et al, 1996; 

Romagnani, 1997; Abbas et al, 1996). Based on the pattern of cytokine 

production, T helper ceUs have been classifiecl into two fûnctional subsets: 

(i) TH1 (produce preciominantly IFNy, TNFP and IL-2); and (ii) TH2 

(produce mainly I L 4  IL13 and IL-5) (Mosmann et al, 1996). It has been 

demonstrated that whereas TH1 üke cells play an important role in ceIl 

mediated immune responses (such as DTH and CTL responses), TH2-like 

cells are crucial for humoral immune response. Thus, TH1-like cells play an 

important role in protection against htracellular pathogens and in 

autoimmune diseases and the TH2-like cells play a role in protection against 

both intra and extra cellular pathogens and also underlie atopic diseases such 

as cornmon allergies and asthma (Mosmann et al, 1996; Romagnani, 1997; 

Abbas et al, 1996). Since non-T cells also contribute to the production of 

cytokines characteristic of TH1 and TH2 celLs, it has recently been proposed 

to classi& these cytokine responses as type4 and type-2 respectively (Clerici 

and Shearer, 1996). Details on type-l/type-2 cytokine responses has been 

reviewed in Part4 of this thesis. In contrast to the widely studied pro l i fdve  

responses, the type- 1 /type-2 cytokine responses of neonates have not been 

extensively examined. Furthemore, studies on cytokine production in 

neonatal cells have mostly used polyclonal simulaton such as PH& d - C D 3  

mAb, phorbolesters and ionomycin, or superantigens which may not 

necessarily reflect the physiologically relevant Ag-dnven cytokine responses 
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IL-2 and IFN-y cytokines have been extensively examined in 

neonates. It is widely reported that neonatal T ceUs synthesize IL-2 in 

amounts comparable to adults following mitogen stimulation (Lewis and 

Wilson, 1995; Bodeker et ai, 1982) or are reduced following Aoantigen 

stimulation (Clerici et al, 1993). In contmt to IL-2, the production of IFN-y 

to polyclonal stimulation (with PHA or PMA-ionomycin) has been reported 

to be markedly reduced in neonates (Wilson, 1986; Lewis and Wilson, 1995; 

Miyawaki et al, 1985; Wakasuyi et al, 1985; Lewis et al, 1991). Also, 

production of I L 4  to mitogen stimulation was reported to be diminished in 

CBMC (Lewis et al, 1991; Lewis and Wilson, 1995). Examination of mRNA 

for IL5 revealed marked reduction in the number of cells expressing IL-5 in 

CBMC (Lewis and Wilson, 1995). There is a recent report exarnining IL4  

and IL-1 O cytokine gene expression at the mRNA level in neonates using 

conventional antignes (PPD, HDM and ovalbiimin). They also reported the 

synthesis of IL-10 by CBMC or1 Ag mediated activation (Holt et al, 1997). 

However, this study did not compare neonates with adults. 

There are some limitations that should be borne in mind when 

interpreting the above studies. Most of these studies have examinecl cytokine 

responses prirnarily following polyclonal activation (Lewis and Wilson, 

1995). However, there is compelling evidence that polyclonal and Ag 

mediated activation elicit different inûacellular signaihg pathways (Cantrell, 

1997) and consequently distinct patterns of cytokine responses (Imada et al, 

1995; Gangur et al, 1998). For instance, where PHA mediated stimulation of 
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human PBMC elicits a type-2 dorninated cytokine synthesis, anti-CD3 mAb 

or superantigen (toxic shock syndrome toxin- 1) mediated activation elicits a 

type- 1 dorninated cytokine response (Gangur et al, 1998). Also, many of the 

studies measured message for the cytokine rather than the proteins, and it is 

arguable that the presence of messenger RNA for a cytokine may not 

necessarily correlate with protein production (Bamford et al, 1996). Thus, the 

overall T ce11 function of neonates, in terms of specific cytokine responses, 

remains to be clearl y defined. 

2.2 Review on Neonatal Antigen Presenting Ceiis (APC) 

APCs play a key role in immune responses. Thus, on encounter with a pathogen, 

these celIs initially phagocytose the pathogen and processes it into small peptides of 8- 15 

amino acids long. This is called Ag processing. The processed peptide is then displayed at 

the ce11 s d a c e  in association with the MHC molecules for recognition by the T cells, which 

is referred to as Ag presentation. In addition to Ag-MHC class II bimolecular complex, at 

lest one additional CO-stimulatory signal (ce11 surface molecule or soluble factor like 

cytokines) delivered by the APC is essential for driving the T helper ce11 response (Janeway, 

1996). 

The APC population include mononuclear phagocytes (macrophages and monocytes), 

@C), B cells and Langerhans cells. Al1 these major professional APC have been reported 

to be present in the fetus amund 12 weeks of gestation (Foster et al, 1989; Hanrey et al, 

1990). The expression of class I and class II MHC molecules by a variety of fetal tissues is 

also evident by 12 weeks of gestation (Hoban et id, 1984; Oliver et al, 1989). 
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2.2.1 Costirnulatory molecules 

B7.1 (CD80) and B7.2 (CD86) are the best defined CO-stimulatory molecules 

expressed on APC, with their ligands CD28 and CTLA-4 acting as the primary 

positive and negative CO-stirnulatory receptors on T cells. However, it is now evident 

that any number of molecules may provide accessory hc t i on  and that efficient 

responses are only generated following multiple interactions (Lenschow et al, 1996; 

Croft et al, 1997). The level and nature of costirnulatory molecule expression by 

neonatal APC is largely unknown. 

Hunt et al (1994) isolated low-density, nonadherent, nonphagocytic, 

HLA-DR+ cells with the morphology of DCs fiom the cord blood of full-temi 

newborn infants. Flow cytorne~c studies showed that the density of intercellular 

adhesion moIecule- 1 (ICAM- I ; CD54) and MHC class I and II Ags on cord blood 

DC were significantly lower than those in adult blood. However, the levels of B7.I 

(CD80) or B7.2 (CD86) expression were not shidied. 

Production of cytokines has been investigated in some detail with human 

neonatal monocytes and macrophages. Whereas IL-1, IFNa (Ray et al, 19?0; 

Handzel et al, 1983; Kohl et al, 1983), GM, M, G-CSF (English et al, 1992) 

production by monocytes and macrophages fiom neonates appears to be equivalent 

to that of adults, IL-6 and TNFa  production by cells fkom neonates appears to be 

equal to or modestly less than that by monocytes fiom adults. 

Thus, detailed analysis of neonatal APC, especially their efficiency in Ag 

presentation, their ability to stimulate cytokine synthesis, and the expression of 

costirnulatory molecules, remains to be performed. 



3. SCOPE OF THE PRESENT STUDY 

Human neonates are relatively more VUlIlerable to many infections and often exhibit 

a prolonged illness. A number of hypotheses have been proposed to explain this increased 

susceptibility including: 1) a lack of pre-existing Ab ; 2) decreased complement levels 

(Lewis and Wilson, 1 995; Baker et al, 1 976); 3) deficient phagocytic ce11 hc t ion  (Weston 

et al, 1977); 4) immature T ce11 function (Lewis and Wilson, 1995; Haemey, 1994; Zola et 

al, 1995); and 5) decreased numbers of CD45RO' cells (Pirenne et al, 1992; Clement et al, 

1988). It is believed that such deficiencies may lead to defective innate anaor adaptive 

immunity in neonates, thus making them more susceptible to fiequent and severe infections. 

The inability of neonates to respond to Ag stimulation in vitro has been proposed to 

be due to the decreased numbers of CD45RO' Ag-experienced or memory cells (Lewis and 

Wilson, 1995). However, others argue that T ce11 hyporesponsiveness in neonates reflects 

an inherent functional immaturity of T cells, independent of CD45 isoform expression 

(Pirenne et al, 1992; Clement et al, 1988). Most of these have been attributed to the presence 

of antigenically naive T cells in the neonate. However, reports do exist that neonates can 

respond to candida, PPD, environmental allergens and paracoccidoides, arguing for the 

presence of Ag primed T cells. Furthemore dl major APC populations, such as 

macrophages, dendritic, Langerhan's and B cells, are present in neonates and express MHC 

class II at levels generally comparable to adults. Thus, the increased clùiical susceptibility 

is clearly demonstrable but the underlying immunological reasons rernain unclear. 

To date, the dominant experimental strategy used to assess immunologie capability 

in the human neonate has been polyclonal activation using mitogens or antibodies to ce11 
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surface receptors expressed on T cells (Pirenne et al, 1992; Ayoub et al, 1971; Carr et al, 

1972; Wakasugi, 1985; Byme et al, 1994). Although this approach provides a rapid, 

technically simple assessrnent of immune potential, it differs in substantial ways fiom 

physiologic immune activation. The implicit assumption underlying these studies is that 

polyclonal activation elicits intense, easily quantifiai responses which mirror those elicited 

in response to Ag. However, as dluded to earlier, there is skong recent evidence that 

polyclonal and Ag mediated activation of cells can elicit distinct intracellular signalling 

pathways and consequently different patterns of cytokine responses (Cantrell, 1996; 

Nishinika, 1984; Irnada et al, 1995; Gangur et ai, 1998). 

in this study, as an alternative approach to overcome these difficulties, the relative 

capacity of neonatal and adult cells to respond to aiioantigen was analyzed. Aüoantigens are 

useful for examining neonatai immune potentid because such responses do not require 

priming but do require HLA mediated Ag recognition While differing in important aspects 

fiom conventional exogenous Ag-driven cytokine production, they are much more likely to 

reflect immune capacity than activation with stimuli, such as anti-CD3 or PMA plus calcium 

ionophore. At the same the, the allo-response, although much more physiologic than PHA, 

anti-CD3 or PMA plus ionomycin mediated activation, still Mers in several respects fiom 

conventional exogenous Ag driven T ce11 activation. Notably, the precunor fiequency of 

responding and cross-reactive T cells is rnuch higher than is found for conventional Ags, and 

Ag presentation differs fiom that occurring in n o m d  in vivo responses where the MHC 

between APC and T ce11 is identical and the exogenous Ag provides the stimulus. However, 

conventional Ags (such as tetanus and influenza) do not elicit proliferative or cytokine 

responses in most neonates. Allergens, such as HDM and ovalbufnin, can induce cytokine 



174 
gene expression (in 4 0  % of the cases) but the cytokine levels in general are not measurable 

(Holt PG et al 1997). In view of these problerns, an aiioantigen driven in vitro cuiuture 

systern was used in the present study. Since, cord blood is the most easily obtainable, non- 

invasive blood sample fiom the neonate, the immune fiinction of CBMC was analyzed in 

cornparison to addt PBMC. 

4. EIYPOTHESIS AND OBJECTIVES 

The present study was undertaken to address whether or not the human neonate 

exhibits defects in: (i) T ce11 function (with respect to cytokine synthesis); andor (ii) APC 

function (with respect to the ability of APC to stimulate cytokine synthesis). To test these 

hypotheses, the study was undertaken with the following specific objectives: 1) to compare 

the T ce11 function between neonates and addts by proliferation and type-lltype-2 cytokine 

responses to mitogen (PHA) and alloantigens. This would test whether the neonates have a 

defect in T cell function (both proliferative as  weU. as type-l/type-2 cytokine responses); 2) 

to compare the APC function between neonates and ad& in MLRs to stimulate prol i fdon 

and type-Utype-2 cytokine synthesis. This would test whether the neonates have a defect in 

APC function with respect to stimulating proliferation and Type-1IType-2 cytokine 

synthesis. 



MATERIAL AND METHODS 

1. SUaTECTS 

Cord blood was collected at the tirne of elective Caesarean sections of healthy 

mothers delivering at term in the Health Sciences Centre, Winnipeg, Canada Use of 

placental products was approved by the University of Manitoba Faculty Cornmittee on the 

Use of Human Subjects in Research. FolIowing d e b e r -  of the placenta, the extemal surface 

of the cord was washed to avoid contamination with materna1 cells, and blood was then 

collected by cordocentesis into heparinized tubes. Caesarean section samples were chosen 

deIiberately to minimise the change in the cytokines that occur during the labour. Adult 

peripheral blood was collected h m  healthy vol1mteers into heparinized vacutainer tubes. AU 

samples were processed within one hour of being collected. 

2. MONONUCLEAR CELL PREPARATION 

The mononuclear ce11 fk t ion  was prepared using a density gradient technique as 

described previously by h a d a  M et al (1995). Bnefly, b h  blood was diluted with an equal 

volume of sterile saline, carefully layered ont0 Histopaque-1077 (Sigma Chernical Company, 

St. Louis, MO) and centrifbged for 30 minutes (at 600g) at room temperature. The cells 

harvested fkom the interface were washed in senun free saline, then resuspended into 2-3 ml 

of RPMI with 10% FCS (Gibco BRL, Life Technologies Inc., New York, USA) and the 

number of viable cells determined using trypan blue exclusion. CBMC staining was also 

performed with Turk's stain to exclude nucleated erythrocytes h m  cell counts and to 

determine the degree of contamination. In the abjects studied, nucleated red blood ceus 

made up 3-1 1% (median 7%) of the total ce11 count used for culture. In aII experiments, 
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responder cells were adjusted to a final concentration of 1x1 O6 leukocytedml ((viability 

298%) in WMI-I O medium for culture. 

3. T HELPER CELL PROLLERATION ASSAY USING PHA 

3.1 Optimization of the Concentration of PHA and Days of Stimulation 

To optimize assay conditions for PHA-P (Sigma Chernical Company) mediated 

activation, assays were perfomed using both CBMC (n=2) and adult PBMC (n=2). Cells 

were cultured in triplicate using 96-well flat bottom plates in a final volume of 200 pVwell 

at a h a 1  concentration of 1 x 106 leukocytes/ml. Initially, experiments were perfomed to 

detexmine the optimal concentration of PHA. For this, triplicate cultures were set up with 

CBMC (n=2) and PBMC (n=2) stimulated with and without PHA at various concentrations 

(0, 1, 2, 5, 10, 15 and 20 pg/ml). Optimized PHA concentration was used in subsequent 

experiments to determine the optimal days of stimulation. Thus, following stimulation of 

ceUs with PHA for 2,3,4 and 6 days, cultures were pulsed with [3H] thymidine for 18 hours 

prior to harvest and counts were determined. 

3.2 T CeU Proliferation Assays Using CD4+ and CD8+ T CeU Enriched CBMC 

To determine the phenotype of CBMC proliferating in response to PHA activation, 

cultures were established with intact CBMC, CBMC enriched for CD4+ T cells, or emiched 

for CD8+ T cells. CD4 and CD8 T ce11 enrichment was pdonned using immunomagnetic 

beads (Dynal, Oslo, Nonvay) following the manufacturer's protocol. Briefly, mti-CD4 or 

anti-CD8 monoclonal Ab coated magnetic beads were washed 4 tirnes with medium, mixed 

with the appropriate number of celis, and incubated on ice (30 minutes for CD4 enrichment 

and 60 minutes for optimal CD8 enrichment). Mer incubation, adherent cells were separated 
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with the help of a magnet. Median viability vras 97% in the three experiments carried out. 

The leukocyte concentration was adjusted to 1 x 1 06/ml and proliferative assays of intact 

CD4+ and CDS+ T ceIl enriched CBMC canied out as describecl above. 

4. MIXED LEUKOCYTE REACTION (MLR) 

The following parameters were optimized before performing the primary MLR 

assays. Al1 cultures were set up in triplicates. 

4.1 Optimization of Number of Stimulator C e h  for Messuring AUo Response in 

MLR Assays 

The number of stimulator cells required to obtaui maximal primary MLR responses 

was determined as follows. A CBMC-pool of four unrelated neonates was treated with 

mitomycin C (50 &ml for 30 minutes at 3?C), washed extensively and counted. Aliquots 

of the pool were prepared at different concentrations between 1 to 5 x 10~1rnl and used as 

stimulators. This pool was kept the same for al1 experiments. Fresh CBMC were used as 

responders at 1 x 106 cells/ml. Culhues were set up in triplicate in 96-well flat bottom culture 

plates (Coming, Rochester, NY), pulsed with 1 pCi ûitiated thymidine on the sixth day, and 

harvested 18 houn later. Counts were detemüned using a scintillation counter. 

5. ANTIGEN PRESENTING CELL (APC) FUNCTION ANALYSIS 

The relative APC hc t ion  of neonates was examined by detemiining the capacity of 

irradiated neonatal leukocytes pooled fiorn four unrelated cord blood samples to act as 

stimulators of proliferation in MLR. The APC function provided by CBMC was compared 

to that of adult PBMC in a aiss-cross mamer with both adult and neonate responders. Thus, 
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neonatd cells were used as  APC to stimulate both neonatal and adult responders and, 

independently, irradiated adult cells were used to stimulate neonatal and adult responders 

over a 6-day culture period in triplicates. The stirnulator pool was kept constant for all 

experiments. Culturecl cells were pulsed with [3H] thymidine and cells were harvested after 

18 hours and counts were determined. For cytokine measurements, al1 MLR assays were 

perfonned using irradiateci stimulators (5000 rads) and supernatants were collected on days 

1 f ,3 and 6. Each assay wntained controls of neonatal and adult stimulators and responders 

cultureci done. For proliferation assays mitomycin-C treated (50 u g / d  for 30 minutes at 

37'C) stimulators were used. 

6. CYTOKINE ASSAYS 

PHA and alloantigen driven IFN-y, IL-4, IL-5 and IL-10 cytokine responses were 

measured in CBMC (n=10) and PBMC (n=10) derived culture supematants using ELISA 

assays as described below. Peak values for individual subjects were determined fkom the 

means eSEM) of values obtained by analysis of four 2-fold dilutions prepared for each of 

the triplicate cultures per condition that were harvested on the above different days. 

6.1 IL-4 ELISA 

A sandwich ELISA ushg the human IL-4 Duoset Kit (Genzyme Diagnostics, 

Genzyme Corporation, Cambridge, MA) was performed according to the manufâctureis 

instructions, with the exception that streptavidin alkaline phosphatase (Jackson 

ImmunoResearch, West Grove, PA) was used. Recombinant I L 4  standard, supplieci with the 

kit, was included in each ELISA. The lower limit of detection was -15 pg/rnl of the 

manufacturer's standard. 



6.2 IL-5, IL-10, IF'N-y ELISA 

Details on these metbods have been described in Part4 of this thesis. 

7. STATISTICAL ANALYSIS 

Differences between the groups were analysed using non-pararnetric staiistical tests 

(Mann-Whitney U test and Fisher's exact test). 



RESULTS 

1. OPTIMIZATION OF EXPERIMENTAL CONDITIONS 

1.1 Optimization of PEA Driven ProMeration 

Preliminary experiments, carried out using PH. over a range nom 1-20 ug/ml, 

demonstrated that neonatal and adult cells are activated over a M y  identical time course 

and PHA concentration range. Both neonatal and adult cells responded maximdy at the 

same concentration of 5 ug/ml (Figure 1). Furthemore, the day ce11 harvest was optimized 

and day 3 was found o p b a l  for peak proliferation of both groups of subjects (Figure 2). 

1.2 Optimization of MLR Assays 

The optimal concentration of al10 stimulator cells was deterrnined by titrating the 

p r o l i f d v e  response over a range of concentrations - O-5x106/ml. As evident fiom Figure 

3, the proliferative response reached a plateau £tom 2x106/ml of stimulator cells. Results 

were consistent between the two subjects studied. Therefore 2x10~ concentration of 

stimulator cells was used in al1 experiments. 

2. ANALYSIS OF NEONATAL IMMUNE RESPONSES 

2.1. Analysis of PHA Driven Immune Respooses of Neonates 

2.2.1 PHA-driven proliferative responses are comparable between oeonates 

and adults 

Using the optimized experimentd conditions (5 uglml of PHA and day 3 

harvest), PHA stimulated proliferative responses of neonatal (n=16) and adult (n=5) 

cells were examined in detail. CBMC and PBMC were cultured with PHA for 3 days, 



m] Optimization of PHA concentration for proliferation 

1 CBMC 

PHA (ug/ml) 

FEgure 1. O p t W M o n  of PHA conceniration forpmliferation. Cultures were set up in 
tripkates ushg CBMC (lefi panel) and PBMC (right panel) (1x106/ml) with and without 
indicated concentrations of PHA. Cells were hamested on day 3 and proliferation was 
measured by [3H] thymidine uptake as described in methods section. Each line represents 
one subject. Data are represented as mean CPM (+/- SEM). 



1 Fig. 2. 1 Optimization of day of cell harvest 
for proliferation to PHA 

Mo00 - - CBMC 

Day of cell harvest 

Figure 2. OptÏmhüon of day of ceii harvest for proüferation to PHA. Cultures were 
set up in tripkates using CBMC and PBMC (lx 106/ml) as indicated with and without 5 
uglml of PHA. Cells were harvested on indicated days (X axis) and proliferation was 
measured by [3w thymidine uptake as described in methods section. Each line represents 
one subject. Data are represented as mean CPM (+/- SEM). 



Optimization nurnber of stimulator cells in MLR 

Number of alIo stirnulator cells (millions/rnl) 

F & P e 3 a @ '  omPaaon of number of shuhtor ce& for dxed  leukocyfe reochn msay. 
Cultures were set up in triplicates using CBMC (lxl@/rnl) with and without mitomycin 
treated al10 stimulator cells at various concentraions as indicated (X axis). Cells were 
harvested on day 6 and proliferation was measured by [3H] thymidine uptake as described 
in methods d o n .  Each line represents one subject. Data are represented as mean CPM 
(+/O SEM). 
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pulsed with [3H] thymidine, cells were harvested &a 18 h o w  and counts were 

rneasured, 

In the absence of PHA stimulation, the background proiiferation among 

neonates and adults was 56-1278 CPM and 94-249 CPM, respectively. As seen in 

Figure 4, neonatally derived cells and adult cells exhibit very similar proliferative 

responses following PHA-mediated activation (CBMC median 8487 CPM, PBMC 

median 78 10 CPM; Mann-Whitney pN.05). 

2.1.2 PHA preferentiaiiy activates neonataI CD4+ over CDS+ T ce&. 

In order to characterize the responding cells to PHA stimulation, experiments were 

performed using intact CBMC, CBMC enriched for CD4+ cells (by depleting CD8 

cells), and CBMC enriched for CD8+ cells (by depleting CD4+ cells). Results fiom 

three neonates examined are shown in Figure 5. Use of highly enriched neonatal 

CD4+ ce11 and CD8+ ce11 cord blood populations indicates tbat PHA preferentially 

activates CD4 T ceil proliferation. 

2.2 Analysis of P E 4  Driven Cytokine Responses of Neonates 

2.2.1 Neonates exhibit severely impaired ability to secrete IFN-y to 

PHA stimulation. CBMC (n= 16) and PBMC (n=5) were cultured with and without 

optimal concentrations of PHA (5 ug/ml) for two days and culture supernatants were 

collected and assayed for cytokines (EN-y, IL-4, IL5 and IL-10) by ELISA. As 

evident fkom the results (Figure 6, left panel), PHA stimulation indicated a markedly 

ïmpaired capacity to generate IFN-y responses arnong neonates compared to adults 

(CBMC median 2.56 U / d ,  PBMC median 41 U h l ;  Mann-Whitney p4.0008). 



Stimuli: 

Proliferative Response to PHA 

medium PHA 

Adult 
0 Neonate 

Mann-Whitney p =0.17 

medium PHA 

Figure 4. P M  driven pro fiferaive respomes are compabarable between neonates and 
a h k  ProMeration was determined in three day cultures set up with PHA at 5 ug/ml. The 
mean response of triplime cultures set up with CBMC (n=16) and PBMC (n=5) is shown. 
The median SEM (not shown) was 5%. 



PHA preferentially stimulates proliferation of 
CD4 over CD8+ cells in neonates 

Figure 5. P M  prefere&y uca'vates neonatal C M +  over CD8 + T ceus. Unseparated 
and highiy enriched cord blood CD4 and CD8 populations were C U ~ N ~  with and without 
PHA as described at Materials and Methods. Mean CPM and stimulation indices (in 
brackets) were determined from triplicate cultures independently established for each of 
the three subjects. Unstimulated cultures exhibited 57-398 cpm. 
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Stimuli: 

IFN y to Polyclonal and Antigenic Stimuli 

PHA 
Mann-Whiaiey 

p = 0.0008 
Mann-Whitney 

p = 0.4272 

Aduit 

Mann-Whitney 
p = 0.4423 

- Figure 6. Neo- exhibit rnarkedly impaired IFN-y production to PHA, but not to 
antigenic Cldiated aiIo-am or all~neonate} stimuli. Mean (of triplicates SEM -7%) 
IFN-y production for neonates and addts is show. Solid hes indicate median values within 
each population. Allo-adult: a pool of four unrelated irradiateci adult PBMC; do-neonate:a 
pool of four unrelated imdiated neonatal CBMC. 
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Cells cultured in the absence of PHA exhibited EN-y responses below the lirnits of 

detection (~0.3 1 Uhl ) .  

2.2.2 The intensity of IL-4, IL-5 and I G l O  cytokine responsiveness to 

PHA is sirnilar in neonates and adults. Examination of other cytokines revealed 

a trend towards reduced IL4 production by neonates that was not statistically 

significant (CBMC median 15 pglml, PBMC 85 pghi ;  Mann-Whitney p=0.25; 

Figure 7, left panel) with essentially similar Uitensities of the IL-5 (CBMC median 

38.5 pglml, PBMC median 33.50 pg/ml; MaunWhitney p4 .85 ;  Figure 8, left panel) 

and IL-IO responses (CBMC median 627.5 p g l d ,  PBMC median 1 1 16.5 pg/ml; 

Mann-Whitney p=û. 17; Figure 9, lefi panel). 

Coliectively, analysis of cytokine responsiveness to PKA indicate that, while 

the neonatal repertoire is profoundly impaired in its capacity to generate IFN-y 

responses, rnitogen-driven TH2-associated cytokine production (IL-4, IL-5 and IL- 

10) is similar in neonates and adults. 

3. ANALYSIS OF ALLOANTIGEN DRIVEN IMMUNE RESPONSES OF 

NEONATES 

3.1 AUoantigen Driven Proliferative Respoases are Comparable Between Neonates 

and AduIts 

As an independent approach to characterizing T ce11 bction, alloantigen induced 

proliferative responses by neonates (n=12) and adults (n= 5 )  were cornpared in MLR assays. 

The proliferation of celis in the absence of stimulator cells among neonates and adults were 

56-1278 and 94-249 CPM, respectively. As with PHA, no difference was evident in 
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Stimuli: 

I L 4  to ~ o l ~ & n a l  and Antigenic Stimuli 

Responder 1 Mult  1 
0 Neonate 

PHA 
Mann-Whitney 

p = 0.1643 
Mann-Whitney 

p = 0.1- 

Figwe 7. Neonates do not signfimtly differ in IL4 production polyclonal (PHA) 
or antige& (allo-ad& &-neonate) stimuli compared to ad&. Peak IL-4 production 
over a three day culture period for neonates and adults is shown here widi SEM for any 
given subject less than 15 96. Solid lines indicate median values. Irradiated neonatal and 
adult stimulators are as described for figure 5.  
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Stimuli: 

11-5 to Polyclonal and Antigenic Stimuli 

PHA Allo-adult 
Mann-Whitney Mann-Whltney 

p = 0.8452 p = 0.0682 

Responder 
Adult 

0 Neonate 

Mann-Whitney 
p = 0.0052 

I;Fgure 8. Neonutes exhibit sisntfic4ntly IUgher IL- i  production to anûkenic (&-ad&, 
alla-neon<lle) but mt tO piyclOltOL (PEU) slUnuhfion in cornparison to ad& responses. 
Peak IL5 production over a three &y culture period for neonates and adults is shown here 
with SEM for any given subject less than 15%. Solid lines indicate median values. 
Irradiated nematal and adult stimulators are as described for figure 5. 
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Stimuli: 

11-10 to Polyclonal and Antigenic Stimuli 
- 

Adult 

PHA 
Mann-Whitney 

p = 0.1736 
Mann-Whitney 

p = 0.1738 

Figure 9. Neonates do not significantly differ in &IO produclion fo polyclond (Pm) 
and mtigenic (alLo-adult, alh-neonaîe) stimuli compared to a d u k  Peak IL40 
production over a three day culture pend for neo- and adults is shown here with SEM 
for any given subject less than 15 %. Solid lines indiaie median values. Inadiated neonatal 
and adult stimulators are as described for figure 5. 
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alloantigen driveri proliferation between neonatal and adult responder populations (median: 

CBM 5310 CPM, PBMC 3405; p4.75; Figure 10). 

3.2 AUoantigen Driven Cytokine Responses in Neonates and Adults 

In order to assess quality of T helper ce11 response, alloantigen driven cytokine 

responses were examined in neonates (n=10) in cornparison to adults (n= 10). Cultures were 

set up and supematants were harvested and assayed over a period of six days for cytokines 

(EN-y, IL-4, IL-5 and IL-IO) by ELISA as described in the Methods Section. Peak levels 

of cytokine responses were used in al1 analysis. 

3.2.1 Neonates exhibit profound IFN-y response to alloantigen that is 

indistinguishable in intensity from that of adults. In marked contrast to results 

obtained followuig PHA-driven activation where neonatal responders are markedly 

deficient relative to adults (p=0.0008), alloantigen stimulated IFN-y responses by 

adult and neonatal responders did not diffa (Figure 6, center and right panels; Mann- 

Whitney p 4 . 4 3  and 0.44, respectively). This was equally evident independent of 

whether irradiated allogeneic adult cells (Figure 6, center panel) or neonatal ce1Is 

(Figure 6, right panel) were used as stimulators. 

3.2.2 Antigen-driven L 5  responses are higher in neonates, while iL-4 

and IL-10 responses are comparable to adults. Andysis of alloantigen driven 

cytokine revealed that IL-4 production was low and similar in both groups in primary 

MLR (Figure 7, center and right panels) and was not afTected by the type of 

stimdator used. The pattem of antigen-driven IL-5 production that was obsaved also 

differed markedly h m  that seen in response to mitogenic stimuli. In contrast to PHA 

driva responses, IL-5 responses were higher among neonates (Figure 8, centre and 



Stimuli: 

Proliferative Respons@ to Allo Antigens 

Responder 
Aduit 

O Neonate 
Mann-Whitney p = 0.75 

medium AiIo medium AIIo 

I"' Iû. T cdproliferalron to &(~L~o IL (E~~ )  adgens in neonaïal nnd aduhp~pul&~ons 
b of simiIar inlem@. The T cell proliferation assay was set up using the optimal 
concentration of a pool of mitomycin treated, unrelated d o  CBMC (2 x 10rd/ml). The 
proliferafve response of tripücate cultures of CBMC (n=12) and PBMC (n=5) at six day 
culture period was measured by thymidme uptake and is shown in cpm. Median SEM was 
7%. 
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nght panels). Thus, 5/10 neonatal responders generated I L 5  responses (versus 0/10 

amongst adults; Fisher's pcO.005) to neonatal do-stimulation. As well as a higher 

fkequency of responsive individuals, neonates also exhibited substantially higher 

levels of IL-5 production compared to adults, with the adult population producing 

median values of (1.5 pg/ml (ie., consistenüy undetectable) while neonates produced 

a median response of 3 6.5 pg/ml (Mann- Whitney p4.0052). 

Alloantigen stimulated IL- 1 O synthesis exhibited somewhat slower kinetics 

in neonates (-24 hours) but highly similar peak intensity independent of whether 

irradiated adult or neonatal APC were used (Figure 9, center and nght panels). 

Ln the absence of PHA or al10 stimulation, controls (neonatal or adult 

responders alone, neonatal or adult stimulators alone) yielded IL-5 and EWy 

responses that were below the b i t s  of detection (7.5 pg/ml and 0.6 Wml, 

respectively). IL- I O responses ranged kom 1 5- 1 67 p g h i  for neonatal responders 

(median 70 pglml) and 15-375 for addt responders (median 244 pgrnl). IL4 was not 

4. ANALYSIS OF ANTIGEN PRESENTING CELL (APC) FLTNCTION OF 

NEONATES 

4.1 Neooatal and Adult APC Stimulate Similar Levels of Proliferative Responses 

The relative APC hc t ion  as defmed by the capacity of irradiated neonatal and adult 

pools to act as stimulators of prolifation and cytokine synthesis in MLR was examined. As 

shown in Figure 1 1, irradiated neonatal cells elicited proliferative responses comparable to 

those stimuiated by irradiated adult ceus. Further, it should be noted that equivalent 



Analysis of APC Function of CBMCs in Allo Response 

1 0 CBMC pool 1 i PBMC pool 

Cord 1 Cord 2 Adult 1 Adult 2 

E'e 12. CompIllZSon of APCfirndnon of neonazks with ihat of &lis Using PBMC and 
CBMC as stimulators in MLK the proliferative response of neonates and adults was 
measured in a criss-cross manner using each type of stimulator to activate both types of 
responder populations. The results are shown in SI (calculated as described in matenais and 
rnethods). SEM ranged from 0.2-1 1.2%. 
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proliferation @>0.05) was observed by both adult and neonatal responders for any given 

shulator type. 

4.2 Neonatal APC Exhibit a Defect in Stimulathg IFWy and L l O  but not I L 4  and 

I L 5  Cytokine S ynthesis 

Examination of cytokine responses, sunmarized in Table 1, indicated that while the 

capacity of neonatal and adult responders to produce most cytokine responses did not differ 

detectably, the relative capacity of adult versus neonatai cells to act as  stimulators of 

cytokine syrithesis was clearly différent. Thus, both the number of individuals who exhibited 

detectable IFN-y synthesis and the magnitude of their cytokine production was markedly 

lower when alloactivation was carried out using neonatal stimulator cells. Eight of 20 

subjects had detectable levels of IM-y synthesis with nematal stimulators, while 1 8 of these 

20 exhibited IFN-y in response to irradiated adult al10 stimulators (Fisher's p<0.001). The 

median htensity of the neonatal stimulator driven IFN-y response was <0.62 Ulml (range 

c0.62-13.2 U/ml), while that elicited by exposure to adult al10 stimulation was 17 Ulm1 

(range c0.62-48.3 U/ml, Mann-Whitney pc0.003) in neonates. 

The fiequency of subjects capable of generating IL40 responses following 

alloactivation was simila. for both adult and neonatal responda cells. However, in neonates, 

the median intensity of the neonatal stimulator driven IL-10 response was 393 pg/ml (range 

30-742 pg/ml) while that elicited by acïult stimulators was 654 pg/ml (range 408-1 385 pg/ml, 

Mann-Whitney p<0.005). Among adiilt responders, the median intensity of the neonatal 

stimulator driven IL- 1 O response was 1 93 pglml (range 30-1 322 pg/ml), half of that obtauied 

using adult stimulators (median 383 pg/rnl, range 209-1009 pg/ml; Mann-Whitney pC0.02). 

These data indicate a profoundiy reduced capacity of neonatal APC to elicit IL- 1 O synthesis 
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by either neonate or duit  responders. In contrast to the IFN-y and IL-10 responses, I L 4  and 

IL-5 production did not dEer in these cornparisons of the capacity of irradiated neonaiai and 

aduit ceils to act as stimulators. 



DISCUSSION 

The present study was undertaken to evaluate the immune hinction of healthy 

neonates. This study used normal healthy neonates, as we wanted to characterize first the 

cytokine producing as well as inducing capacity of neonaîai cells. Here cord blood samples 

were used. Although it is debatable whether cord blood represents maternal or neonatd 

blood, it is nevertheless the most easily available, non-invasive sample nom neonates and 

hence widely used. In contrast to many previous approaches of using rnitogens (Lewis and 

Wilson, 1995; Pirenne et al, 1992; Ayoub et al, 1971; C m ,  1972), the relative capacity of 

neonatal and adult cells to respond to alloantigen was evaluated in this study. Alloantigens 

are useful for examining neonatal immune potential because such responses do not require 

priming but do require HLA mediated Ag recognition. While differing in important aspects 

nom conventional exogenous Ag-driven cytokine production, they are much more likely to 

reflect immune capacity than activation with stimuli such as anti-CD3 or PMA plus calcium 

ionophore. 

The data nom this study, that the proliferative response of neonates to both PHA and 

alloantigen do not differ fkom those of adults, is in agreement with previous reports (Claici 

et al, 1993; Beacock et al, 1992; Risdon et al, 1995). Furthemore, PHA stimulation 

primarily resulted in CD4+ T ce11 activation with substantially weaker stimulatory capacity 

for CD8+ T cells as has been reporteci in studies of adult PBMC (Reinherz et al, 1979 and 

1980). The proliferation assay is a relatively crude estirnate of T ce11 hc t ion  because it 

measures only whether the immune cells can respond to the Ag and does not give 
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information on the nature of the response. Therefore, the cytokine responses to these stimuli 

were examined to more fblly delineate the functional potential of neonatal T celis. 

The present data CO& numerous previous reports that the capacity of neonata to 

generate IFN-y responses upon polyclonal activation is markedly impaired relative to that 

of adults (Lewis and Wilson, 1995; Wakasugi et al, 1985; Byme et al, 1994; Takahashi et 

al, 1995; Lewis et al, 199 1; Miyawaki et al, 1985; Wilson et al, 1986; Muller et al, 1996). 

The consensus that neonatal T cells are deficient in their capability to generate IFN-y 

responses has been amibuted to factors ranging from i n d i c  abnormality of neonatal T 

cells (Wilson et al , l986), increased sensitivity to prostaglandins (Wakasugi and Virelizier, 

1985; Wakasugi et al, l98S), and the low fiequency of CD45RO expressing T cells present 

in neonates (B yme et al, 1 994; Takahashi et al, 1 995). 

When the hypothesis that the type of stimulator selected (ie., PHA, a polycional 

stimulator versus allo-antigenic stimulation) is responsible for the apparently deficient IFN-y 

response, rather than inherent T ce11 immaturïty observed in neonates was pursued, the 

capacity of neonatal responder cells to produce IFN-y was found to be essentially similar in 

adults and neonates. This is consistent with ment studies indicating that other neonatal T 

ce11 functions are ofien comparable to those of adults (Splawski et al. 1996). 

PHA induced IL-5 production did not differ detectably in neonates and adults, but 

IL-5 production to alloantigen (as measured by both the intensity of response and muency 

of responding individuals) was substantially elevated in neonates. 

Taken together, the data suggest that while neonatal T cells are deficient in some of 

their responses to mitogen, their capacity to respond to more physiologie stimuli, such as 

alloantigen, is comparable to that of addts. At the same tirne, it ne& to be emphasized that 
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the allo-response, although much more physiologie than PHA, anti-CD3 or PMA plus 

ionomycin mediated activation, stili Mers in several respects h m  conventiond exogenous 

Ag driven T cell activation. Notably, the precursor fiequency of responding and cross- 

reactive T cells is much higher than is found for conventional Ags, and Ag presentation 

d i f f a  fkom that occurring in normal in vivo responses where the MHC between APC and 

T ce11 is identical and the exogenous Ag provides the stimulus. 

Previous studies examining the ability of neonatd ceiis to act as APC have utilized 

cord blood cells dong with extensively purified adult responder cells (Clerici et al, 1993; 

Deacock et al, 1992; Risdon et al, 1995). An inherent difficulty in the interpretation of such 

assays is the howledge that even very low levels of contamination with adult APC makes 

it impossible to evaluate the function of neonatal accessory cells. 1 circumvented this 

problem by stimulahg neonatal responder cells with hd ia ted  or mitornycin C treated 

neonatal cord blood as accessory cells. The alloirnrnune response can be mediated via three 

pathways: 1) self-MHC-CD4; 2) allo-MHC-CD8; and 3) do-MHC-CD4 (Via et al, 1990). 

In the MLR assays reported here, stimulator CBMC provide the alloantigenic stimuli, while 

accessory cell hc t ion  is provided by the alloAPC, allo-peptides on self APC present in the 

responding CBMC population, or both. In al1 cases, a positive proliferativd cytokine 

response in this assay measures the APC function of fetal M C  in the absence of 

confounding effects introduced by contaminating adult APC. Using this system, 1 compared 

the APC function of neonates and adults to stimulate proliferation by both neonatal and adult 

responders. These criss-cross experiments revealed that the APC fimction of neonates is 

comparable to that of adults insofas as their capacity to stimulate proliferation. This is in 

agreement with previous reports where the APC fimction of CBMC was analyzed in complex 
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depletion experirnents using adult PBMCs as responders (Risdon et al, 1994; Clerici et al, 

1993; Deacock et al, 1992; Risdon et al, 1995). 

The data in this report clearly indicate that pooled neonatal APC are less effective 

stimuli for the induction of cytokine synthesis, with the IFN-y and IL40 data suggesting 

immaturity of APC function in neonates. The difference in the capacity of APC h m  CBMC 

compared with adult PBMC to stimulate ytokine production, as opposed to proliferation, 

was unexpected. IFN-y, a prototypic Th1 cytokine, is critical for the generation of CTL and 

DTH responses which are the mediaton of cellular irnmunity. These results suggest that the 

ce11 mediated immune response in neonates may be inadequately generated, a finding that 

can translate into an increased susceptibility to intracellular pathogens. IL-IO, produced by 

T cells, B celis and macrophages/monocytes, is a growth factor for thymocytes, B cells and 

rnast cells (Roussel et al, 1992; Lucey et al, 1996). It also rnay provide a costimu1atory signal 

for the proliferation and differentiation of B cells into IgG and IgA secreting plasma cells 

(De-France et al, 1992). The decreased ability of neonatd APC to induce IL40 production 

suggests that the costirnulus necessary for B ce11 differentiation into these Ab isotype 

secreting plasma cells rnay be hadequate in neonates, and hence may contribute to the 

observed decreases in Ig synthesis at this age. 

An obvious candidate to explain differences in APC function between neonates and 

adults is differaices in costimulatory molecule expression. Initial activation of naive T cells 

requires at least one Ag non-specific costimulatory signal in addition to the Ag-specific 

interaction resulting h m  TCR/MHC interaction. B7.1 (CD80) and B7.2 (CD86) are the best 

defined CO-stimulatory molecules expressed on APC with their ligands, CD28 and CTLA-4, 

acting as the primary positive and negative co-stimulatory receptors on T cells. However, it 
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is now evident that any of a nurnber of molecules rnay provide accessory function and that 

efficient reqonses are only generated following multiple interactions (Lenschow et al, 1996; 

Croft, 1997). 

The level and nature of costirnulatory molecuie expression by neonatai APC is 

largely urhown. On resting adult human APC or effector cells, the level of CD80 

expression is very low to undetectable (Lenschow et al, 1996). CD86 expression is more 

complex with B and T cells at undetectable levels, monocytes at low to moderate levels, and 

DCs at the highest relative levels. Regdation of CD8W86 expression is strongly influenced 

by ceil-ceIl interactions and cytokines. Such regulation is likely to be complex as different 

cytokines upregulate (ie IFN-y) or inhibit (ie IL-IO) costirnulator expression and a broad 

variety of potential APC (LangerhandDC, monocytes, B cells) express CD80/86 in response 

to different forms of activation (Lenschow et al, 1996; Takamizawa et al, 1997). Similarly, 

CD80/86 expression of human Langerhan's cells appears to be differently regulated by IEW-y 

or IL4 (Yokozeki et al, 1997; Stack et al, 1994) and may reflect different fiinctions (Fleicher 

et al, 1996). Hunt et al (1 994) isolated low-density, nonadherent, nonphagocytic, HLA-DR+ 

cells with the morphology of DCs fiom the cord blood of Ml-terni newbom infants. Flow 

cytometnc shidies showed that the density of intercellular adhesion molecule-1 (ICAM- 1 ; 

CD54) and MHC class I and class II Ags on cord blood DC were significantly lower than 

those in adult blood. Levels of CD80/CD86 expression were not determhed. Thus, detailed 

analysis of the relative matunty (phenotypic and fiinctional) of neonatal APC remains to be 

performed. 

In light of the present obsmation of increased IL-5 synthesis among Ag-stimulated 

neonatal responders, a finding most pronounced when neonatal APC were used (pc0.005; 
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Figure 4), the findings of Delespesse and colleagues (1 995 and 1997) are of particular 

interest. Their studies indicate that the intensity of B7 CO-stimulation at prirning markedly 

affects the lymphokine-producing phenotype. T cells primed on CD32437 double L 

transfectants produced much more I L 4  and IL-5 and slightly less E N - y  than did those 

primed on B7 deficient cells. The enhanced L-4/IL-S-producing capacity of cells primed on 

CD32-B7 L fibroblasts was speculated to be related to increased IL-4 production during 

priming which suggests the the maturation of naive T cells dong the Th2 or Th1 pathway 

may be regulated by the level of B7 expressed on APC. 

Cord blood has been recently demonstrated to be a rich source of CD34+ 

haemopoetic stem cells, which are key cells used for bone marrow transplantation (BMT) 

and in gene therapy. Clinical demonstrations of reduced immunoreactivity and graft rejection 

have made cord cells a vaiuable source of such stem cells (Thomson, 1995). However, the 

immunological basis underlying the success of cord transplantation is not well understood. 

Increased IFN-y cytokine production is associated with severe transplantation-related 

complications in BMT patients (Tanaka et al, 1995). Furthemore, there is an association 

between inûxgraft IL-IO mRNA expression and acute rend allograft rejection (Xu et al, 

1 995). lhese reports, together with this data that cord cells are relatively poor inducers of 

IFN-y and IL10 is consistent with suggestions that cord blood may have the advantage of 

reduced potential to induce gr& rejection when used in allogenic BMT. 

Thus. in sumrnary, this study provides evidence that neonatal T tells are as 

immunocompetant as adults in the production of IFN-y, L-4¶ IL5 and IL40 cytokines when 

tested using a physiologically relevant stimulus. However, neonatal APC are fiinctionally 

immature in inducing IFN-y and IL- 10 cytokines. This, rather than inherent deficiencies in 
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neonatal T cell capability, may play a significant role in the increased vulnerability of 

neonates to infection. 

This study was undertaken in healthy neonates with an overall aim to study the 

cytokine producing and inducing capacity in HIV infecteci and non-infecteci children, but for 

reasons of non availability of sufficient viable cells, it could not be p m e d  M e r .  

Nonetheless, results fiom this study can serve as the fiindamental basis to study such 

functions in any infection of neonates. 
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