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ABSTRACT 

The majority of AIDS cases in children occur as a result of perinatal transmission of 

HIY-l at an estimated rate of 30%. However, the molecular mechanisms and viral 

determinants associated with perinatal transmission are not known, thus making it 

difficult to develop strategies for prevention and treatment of HIV-1 infection. In this 

study, we have investigated the role of HIV-l accessory genes vif, vpr and vpu in 

maternal-fetal transmission and the kinetics of HIV-l replication in neonatal blood 

mononuclear cells. While there was a high degree of conservation of vif, vpr and vpu 

open reading frames in mother-infant pairs' isolates, the non-transmitting mothers' 

showed a high firequency of defective vif and vpr open reading frames. The functional 

domains required for Vif, Vpr and Vpu activity were highly conserved in sequences from 

transmitting mothers and their infants, but were found to exhibit defects, length 

polymorphism and substitutions in the conserved motifs of non-transmitting mothers' 

isolates. There was a low degree of heterogeneity in vif and vpr sequences from 

transmitting mothers and their infants and non-transmitting mothers. However the non-

transmitting mother sequences were less heterogeneous than transmitting mother 

sequences. The vpu sequences from transmitting mothers and their infants were more 

heterogeneous than vif and vpr sequences. Phylogenetic analysis of vif, vpr and vpu 

sequences revealed distinct clusters for each mother-infant pair and non-transmitting 

mother, indicating that the sequences from same individual or linked individuals were 

more closer than unrelated individuals. Furthermore, we observed that HTV-l replicates 

more efficiently in immature blood lymphocytes and monocytes/macrophages cells 
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compared to mature blood cells, suggesting that increased susceptibility of neonatal cells 

to productive infection could result in rapid progression to AIDS in children. In addition, 

there was a difference in the susceptibility of neonatal and adult blood 

monocytes/macrophages to primary HFV-l isolates. Taken together, these findings 

suggest that accessory genes vif, vpr and vpu may play an essential role in HFV-l 

transmission from mother to infants and susceptibility of neonatal 

monocytes/macrophages may be critical for establishing productive infection. These 

findings may be helpful in the developing better strategies for prevention and treatment 

of HFV-l infection in children. 
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1. INTRODUCTION 

1.1 Maternal-fetal transmission of HIV-1. In the United States, human 

immunodeficiency virus type 1 (HTV-l) infection in women has increased by 63% in the 

past three years. Since most of these women are in child bearing age group, infants bom 

to these mothers are at risk of acquiring HIV-1 infection and subsequently developing 

acquired immunodeficiency syndrome (AIDS). The World Health Organization (WHO) 

estimates that by the year 2000, 10 million children will have been bom HTV infected (1, 

2). The majority of AIDS cases in children occur as a result of mother to infant 

transmission of HIV-1 at an estimated rate of more than 30%, with 90% of them in the 

developing countries. Although the use of zidovudine (AZT) and recently nevirapine 

have reduced the rate of HIV-1 transmission from mothers to infants in United States, the 

HIV-1 perinatal transmission remains a grave concern in developing countries. The rate 

of transmission also depends upon the symptoms of the disease and the fi-equency of 

delivery at estimated rates of 24% in symptom free mothers and 65% in mothers with 

disease or who have had a previous child with AIDS (3,4, 5). 

1.2 Factors associated with maternal transmission of HIV-1. While the actual 

mechanisms of perinatal transmission are not known, the timing of HTV-l transmission 

from mother-to-infant can occur mainly at three stages: prepartum (transplacental 

passage), intrapartum (exposure of infants skin and mucus membrane to matemal blood 

and vaginal secretions), and postpartirai (breast milk). To date, there are no clearly 

defined factors, viral or host, associated with matemal transmission of HIV-l. However, 

matemal parameters including advanced clinical stages of the mother, low CD4+ 
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lymphocyte counts, maternal immune response to HIV-1, recent infection, high level of 

circulating HTV-l, and maternal disease progression have been implicated in an increased 

risk of mother-to-infant transmission of HIV-1 (6, 7, 8, 9, 10). Several other factors such 

as acute infection during pregnancy, the presence of other sexually transmitted diseases 

or other chronic infections, disruption of placental integrity secondary to 

chorioamnionitis and tobacco smoking have been shown to be associated with mother-to-

infant transmission of HIV-l (Report of a Consensus workshop 1992). Several studies 

have demonstrated a direct association between the presence of maternal antibody against 

the V3 domain of the envelope protein and a lower rate of transmission of HIV-1 (11, 

12), whereas others have showed lack of correlation (13, 14). The ability of maternal 

antibody to neutralize its' own isolate (autologous neutralization) may be particularly 

important because it has been suggested that the virus mutants that are selected under 

immune pressure and can not be neutralized may play a role in transmission (15, 16). 

However no clearly defined molecular mechanisms for this restricted transmission of 

virus from mothers to infants have been elucidated making it difficult to develop 

strategies for the prevention and treatment of HIV-l infection in children. 

1.3. Genetics and biology of HIV-l. HTV-l is a member of one of the five major 

primate lineages of lentivirus family of retroviruses. HIV-l encodes for three structural 

and enzymatic gag (matrix, capsid and nucleocapsid), pol (protease, integrase and reverse 

transcriptase), and env (gpl20 and gp41) proteins and six regulatory/accessory proteins, 

including Tat, Rev, Nef, Vif, Vpr, and Vpu) (Figure 1). HIV-1 primarily infects €04"^ T 

lymphocytes, monocytes/macrophages, dendritic and glial cells (17). Similar to the 
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replication of other retroviruses the HIV-l replication cycle involves the interaction of 

viral envelope (gpl20) protein with the host cell receptor (CD4 molecule) and co-

receptors (chemokine receptors; CCR5, CXCR4, etc.) on the host-cell surface Figure 2 

(18). These interactions lead to fusion of viral (gp41) and cell membranes so that viral 

nucleoprotein complexes enter the target cell cytoplasm where the viral reverse 

transcriptase (RT) enzyme orchestrates the synthesis of a double stranded linear DNA 

(preintegration complex: PIC) from single stranded viral RNA genome. HIV-l accessory 

gene product Vif plays a crucial role at this stage of viral replication by increasing the 

stability of viral nucleoprotein complex allowing the formation of PIC (18). The PIC is 

then imported into the nucleus of the host cell. Since the PIC is too large to simply 

diffuse through the pores in the nuclear membrane, this process of nuclear import 

represents a critical stage of virus life cycle. The viral accessory proteins Vpr, Vif and 

structural protein p6 gag help in localization of PIC to the nucleus (19, 20, 21). These 

early steps in viral replication like reverse transcription and transport of PIC into the 

nucleus can also be critical determinants of HTV-l tropism. HIV-l accessory proteins Vif 

and Vpr are essential for its replication in non-dividing cells like macrophages (22, 23). 

The integrase protein directs integration of viral DNA associated with these complexes 

into host chromosomal DNA to form a provinis. The proviral gene expression is 

regulated by both cellular and viral factors (Tat and Rev proteins) (17). Expression of the 

integrated provirus generates spliced and unspliced viral mRNA transcripts that encode 

the regulatory and structural viral proteins. The precursor gag and gag-pol viral 

polyproteins along with genomic-length viral RNA are assembled into new virus particles 
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at the host-cell surface. As they bud through the host-cell membrane, virus particles 

acquire a lipid bilayer that contains env. HIV-1 accessory protein Vpu also increases the 

release of HIV from the surface of an infected cell. Vpu liberates the viral envelope by 

triggering the degradation of CD4 molecules complexed with Env protein inside the cell 

and increases the ability of Env to reach cell surface (24). During or shortly after 

budding, the viral protease (PR) cleaves gag and gag-pol precursor proteins to their 

mature products, generating infectious virions. Altliough the basic steps of KIV-l life 

cycle are the same as for other retroviruses the viral regulatory/accessory genes impart 

novel levels of complexity to lentiviral replication. The accessory proteins Vif, Vpr and 

Vpu help HIV-1 manipulate fundamental host cell processes in ways to achieve optimum 

replicative efficiency and influence the pathogenesis of viral infection (17,25). 

The Env is the most important component of HIV-l and is synthesized as a 

precursor gpl60 polyprotein, which is cleaved to gpl20 and gp41 (26, 27). The Env 

gpl20 binds to CD4 receptors located on host cells (27). In addition, the viral 

glycoprotein is also responsible for binding to co-receptors CXCR4 and CCR5, which 

determine the tropism of the virus. The T-lymphotropic (X4) and macrophagetropic (R5) 

viruses utilize CXCR4 and CCR5 respectively to enter target cells (27). Comparison of 

the sequences of env genes from numerous HIV-l isolates reveals a pattern of five 

variable regions (VI, V2, V3, V4 and V5) interspersed with conserved regions (17). The 

potential pathogenic region of HTV-l presumably resides within the env gene and the 

variable regions (28). The hypervariable region 3, the V3 region, is fimctionally 

important in virus infectivity (29, 30), association of gpl20 and gp41 expressed on cell 
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surface (30), virus neutralization, replication efficiency and host cellular tropism (29, 31, 

32), whereas VI-V2 regions influence replication efficiency in macrophages by effecting 

virus spread (33, 34). Sequences in Env gpl20 outside of V3 loop can also influence 

viral phenotypes. Analysis of chimeric viruses constructed from distinct cloned HIV-l 

phenotypes indicates that a ftmctional interaction between V3 and second conserved 

region is important for infectivity as well as syncitium formation and cell tropism (34, 

35). The role of V3 region becomes very important in determining the tropism that may 

play an important role in transmission. Macrophage tropic (R5) are the more commonly 

transmitted viruses in sexual and vertical ttansmission (36, 37). The R5 viruses 

predominate initially in most infected individuals, however the T-U-opic (X4) vimses are 

more virulent and are associated with faster rate of CD4+ T cell loss (38, 39). 

1.4. Genetic variability in HIV-l. Genetic variability in HFV-l, especially in the 

variable regions of the envelope gene, has been observed within infected individuals (33, 

40, and 41). In addition, pl7 gag and other regions have been shown to be variable (33, 

36, and 40). These variants arise during retroviral replication by errors in reverse 

transcription (42). Several reasons for the existence of different genetic variants within 

an infected individual could be postulated such as immunologic pressure for change, 

alteration in cell tropism, and replication efficiency (28, 31). Although the CD4+ 

lymphocyte is the major target for HTV-l replication, cells of monocyte-macrophage 

lineage represent the predominant HTV-l infected cell type in most tissues, including the 

central nervous system (43, 44). The presence of a heterogeneous population of HIV-l 

within infected individuals poses a major problem in the development of strategies for 
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prevention and treatment of HIV-l infection. It is very difficult to inhibit or neutralize a 

heterogeneous population of HTV-l. Furthermore, disease progression is reflected in a 

decreased CD4+ counts, and the rate of decline can be used to divide HIV-infected 

individuals into three general groups, (i) rapid progressors (10%), (ii) progressors (80%), 

and (iii) non-progressors or long term siuvivors (10%) (45). The basis of this variability 

is unknown, but it has been suggested to be due to interplay between the strength of the 

host immune system and the phenotypic characteristics of the initially infecting or 

evolving virus strain (45, 46). In vitro studies have demonstrated that HTV-l isolates 

from asymptomatic individuals tend to replicate more slowly than HIV-l isolates from 

50% of the patients with AIDS (47-49). The molecular bases of some of these phenotypes 

have been partially mapped to the env gene. Wolinsky et al., (50) suggested that a rapid 

rate of CD4 cell loss was associated with relative evolutionary stasis of HTV-l 

quasispecies virus population. In addition, more moderate rate of CD4 T cell loss 

correlated with genetic evolution (50). The evolutionary dynamics exhibited by the HTV-

1 quasispecies virus population under natural selection are compatible with adaptive 

evolution (50). 

1.5. Genotypic characterization of HIV-l involved in maternal-fetal transmission. 

In studies of the molecular characterization of HTV-l from mothers and infants associated 

with perinatal transmission, Ahmad et al., (41) and others (51-54 ) have shown a selective 

transmission of HTV-l from mothers to infants. This conclusion was based on the 

analysis of HTV-l env sequences from mother-infant pairs following perinatal 

transmission. The mothers' sequences were found to be more heterogeneous compared 
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to the infants' sequences. Initially the minor genotypes in the infants predominated as a 

homogeneous sequence but became more diverse as the infants grew older (41, 51). 

Selective transmission of HIV-1 has also been demonstrated in sexual transmission from 

transmitters to recipients, including a homogeneous sequence population present in the 

recipients (55-58). Genetic analysis of HIV-l sequences in other regions of the genome, 

in addition to the variable regions of env, from mother-infant pairs following perinatal 

transmission and non-transmitting mothers has been very limited. However, the 

possibility exists that several other regions like accessory genes (v//, vpr and vpu) or 

motifs in the HIV-l genome may be involved in mother-to-infant transmission and could 

be critical determinants of perinatal transmission. Further it is possible that differences in 

adult and neonatal blood cells to infection by circulating HIV-l variants, and expression 

of chemokine receptor may allow selective transmission of certain HIV-l variants from 

mothers to their infants. Our hypothesis is that there are specific molecular and biological 

properties of HIV-l, including the functional domains in accessory proteins, Vif, Vpr and 

Vpu, and the interactions of HIV-l with infants' mononuclear cells that are critical 

determinants of perinatal transmission. Genotypic and phenotypic characterization of 

HTV-l in the regions of vif, vpr and vpu from infected mothers and their infected infants 

and mothers who fail to transmit the virus to their infants (non-transmitting mothers), and 

the molecular interactions involved in the establishment of HIV-l infection in infants has 

implications for the development of prevention and treatment strategies because the 

strategy should be targeted at the properties of the transmitted viruses. 
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1.6. HIV-1 accessory proteins Vif, Vpr and Vpu. The vif open reading frame is 

conserved among most lentiviruses (59) and facilitates HIV-1 infection and 

cytopathogenicity (60-64). It is a 23-kD polypeptide (Figure 3) that is required for HIV-l 

replication in primary lymphocytes and macrophages (60-66). These studies suggest that 

an intact vif might be required during natural HIV-l infection. Sova et al., (67) performed 

the sequence analysis of the HIV-l vif gene from infected patients' peripheral blood 

mononuclear cells (PBMC) DNA and showed a limited sequence variability and high 

conservation of vif (87%) during natural infection.. Also Weiland et al, (68-69) in their 

study reported 90% conservation of intact vif open reading frames in infected individuals. 

Hassaine et al (70), in their study on vif gene in long-term asymptomatic HIV-l infected 

individuals found a preference for amino acid serine at position 132 in patients with low 

viral loads compared to arginine in patients with high viral load. Furthermore, vif 

sequences from long-term asymptomatic individuals showed a preference for isoleucine 

at position 159 in contrast to threonine in progressors. Vif is an accessory protein which 

is incorporated into virions of HIV-l and must be present in the cells that produce the 

virus. Vif defective HIV-l strains can enter cells but cannot efficiently synthesize the 

proviral DNA (18, 71). Vif is absolutely required for virus growth in peripheral blood 

lymphocytes and macrophages (65-66, 72). However, in most T-cell lines, Vif is not 

required for HTV-l replication, suggesting that these cells may express a protein that can 

complement Vif flmction (72-73) . These cell lines are called permissive for Vif mutants 

of HIV. Virions generated in permissive cells can infect non-permissive cells (primary T 

cells, monocytes/macrophages and some T cell lines) but the virus subsequently produced 
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is non-infectious (71). It is not clear whether the Vif defect affects reverse transcription 

per se, viral uncoating, or the overall stability of the viral nucleoprotein complex. Vif 

mutant virions have improperly packed nucleoprotein cores as revealed by electron 

microscopic analyses (74). Recently it has been suggested that presence of Vif inside 

virions also helps counteract an host cell inhibitory protein immediately after entry into 

non-permissive cells (75). 

The vpr open reading frame encodes a 14-kDa virion- and cell-associated protein (76-78) that is 

dispensable for HIV-1 replication in T-cell lines (79-80) but required for efficient replication in primary 

monocytes/macrophages (79, 81-82). Several possible roles for Vpr in HIV-1 replication have been 

suggested, including a modest transactivation of HIV-l LTR (76), enhancement of the nuclear migration of 

the preintegration complex in newly infected non-dividing cells (22, 83), and inhibition of the 

establishment of chronic HIV-1 infection (84-85). In addition, Vpr prevents HIV-l infected cells from 

proliferating by causing them to delay for extended periods of time in G2 phase of cell cycle (85-86). This 

helps HTV-l to maximize its production from infected cells. Moreover, Vpr has been reported to be 

capable of inducing latent cells into high level viral production (87). However, the role of Vpr in AIDS 

pathogenesis is not very well understood. Lang et al., (88) have shown that macaques infected with 

SrVmac239 defective in vpr progressed to AIDS slowly compared to SIVmac239 containing a wild type 

vpr. In vitro studies have shown that generation of defective vpr genes results in viral persistence (85, 89) 

and loss of cytopathogenicity (89). While some studies have demonstrated an association between the 

presence of defective or mutated vpr quasispecies and long-term non-progressors of HIV-1 infection (90-

91), others have shown a lack of correlation (92-93). 

The 16-kD Vpu polypeptide is an integral membrane phosphoprotein that is 

primarily localized in the internal membranes of the cell (94). Vpu is expressed from the 

mRNA that also encodes env. Vpu is translated from this mRNA at levels tenfold lower 

than that of Env because the Vpu translation initiation codon is not efficient (95). The 
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functions of Vpu include, the down-modulation of CD4 (96, 97) and the enhancement of 

virion release (98, 99). The two biological properties of Vpu involve two separable 

domains and mutations in one region does not effect the function of the other (100). In 

HIV-infected cells, complexes form between the viral receptor CD4, and the viral 

envelope protein in the endoplasmic reticulum causing the trapping of both proteins to 

within this compartment (97, 101- 102). The formation of intracellular Env-CD4 

complexes thus interferes with virion assembly. Vpu liberates the viral envelope by 

triggering the degradation of CD4 molecules complexed with Env and increases the 

ability of Env to reach cell surface. Vpu also increases the release of HW from the 

surface of an infected cell (94). In the absence of Vpu, large numbers of virions can be 

seen attached to the surface of infected cells (94). Vpu has also been reported to down 

regulate the expression of major histocompatability complex-1 expression on cell surface 

(103) thus may allow HIV-1 infected cells to escape cytotoxic T cell mediated killing. 

1.7. Pathogenesis of HIV-1 infection in infants. Children with HIV-1 infection have 

clinical sequelae different from those seen in adult patients. In infants with AIDS 

encephalopathy, bacterial infections, and a unique type of lymphocytic pneumonia occur 

more frequently than in adults (3, 104-107). The pathogenesis of pediatric AIDS may be 

partially explained by relative immaturity of the immune system in early infancy, 

particularly in the neonatal period. Moreover, perinatal HIV-1 disease has a more rapid 

and fatal course than does HTV-l disease, which occurs in older children and adults. 

Most infants become symptomatic within the first few months of life, however, a subset 

of infants remain symptomatic with laboratory evidence of immune abnormalities for 
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years (108-109). The basis for these differences between pediatric and adult AIDS is 

unknown, but most probably depend on the dynamic interplay between the HIV-1 

quasispecies virus population and the immune constraints imposed by the host. In terms 

of HIV-1 evolution and disease progression in infected children, Ganeshan et al., (110) 

have shown a greater HIV-l genetic distances relative to the time of infection in infected 

children with low virion-associated RNA and slow disease progression relative to those 

found in children with high virion-associated RNA and rapid disease progression. 

Different isolates of HIV-1 infect not only T-lymphocytes but also other cells of the 

immune system, particularly monocytes and their mature form, macrophages. Infection 

of monocyte/macrophages (M/M) is of major importance because these cells are 

relatively refractory to the cytopathic effects of HFV-l and may serve as a major reservoir 

for the virus as well as a vehicle for disseminating the virus to various tissues, including 

T-cells and central nervous system (CNS). Much information related to the 

immunopathogenesis of AIDS has been gained from HIV-l infection of primary adult 

monocyte-derived macrophages (MDM). The role of monocytes (immatiure and mature), 

MDM and lymphocytes in the immunopathogenesis of pediatric AIDS has not been fully 

determined. It is likely that infection of HIV-l and its interaction with the coreceptors 

(CXCR4, CCR5) as well as efficient virus replication in immature hosts' (neonates and 

infants) lymphocytes, M/M and MDM may be relevant to the enhanced susceptibility of 

neonates and infants to HIV-1 disease in vivo. 

1.8. Rationale and Significance. Little is known concerning the molecular 

mechanisms and factors involved in maternal transmission of HIV-l. Previously we (41) 
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and others (51-54) have analyzed the env region from infected mothers and their infants 

has suggested that a minor subtype of heterogeneous maternal virus population was 

transmitted to the infant. The minor HTV-l variant predominated initially as a 

homogenous population in infant and then becomes diverse as the infant grows. Recent 

work from our laboratory (37) has revealed the phenotype of the transmitted viruses to be 

macrophagetropic and non-syncitium (NSI), R5 viruses, and maintained initially in the 

infants with the same properties. These data suggested that there was a selective 

transmission of a minor HIV-l genotype with macrophagetropic and NSI phenotype from 

mothers to their infants. However, the possibility exists that several other regions or 

motifs in the HIV-l genome may be involved in mother-to-infant transmission and could 

be critical determinants of perinatal transmission. In this context, the role of HIV-l 

accessory Vif and Vpr becomes critical in perinatal transmission because they are 

required for viral replication in monocytes/macrophages and macrophage-tropic viruses 

are involved in perinatal transmission. In addition, another accessory protein, Vpu, that 

increases HIV-l release from infected cells may influence mother-to-infant transmission. 

Moreover, the post entry events occurring immediately after the entry of the virus into 

host cells, including reverse transcription, preintegration and integration may also 

determine the tropism and the outcome of the viral infection. Since HTV-l Vif and Vpr 

have been implicated in post entry events, mutations in these proteins may alter the 

establishment of infection soon after the viral entry into the target cells. 

One of the major reasons that HIV-l infected infants develop AIDS faster than 

infected adults could be the differences between pathogenesis of HTV-l infection in 



neonates and adults. It is likely that HIV-l may replicate more efficiently in neonatal 

mononuclear cells compared to adult, contributing to an accelerated course of disease 

progression. Since we have shown that macrophage-tropic HFV-l is involved in mother-

to-infant transmission, the differences between the infection ability of HIV-l to adult and 

neonatal monocytes/macrophages and coreceptor (CCR5 and CRCR4) expression may 

influence U-ansmission of certain HIV-l variants from mothers to infants and 

establishment of infection in the infants. Recently it has been shown that 

monocytes/macrophages in addition to CCR5 express CXCR4 on their cell surface but 

are refractory to infection by laboratory adapted and primary X4 isolates. It was shown 

that X4 viruses could enter the target cells efficiently but failed to replicate inside these 

cells. Also X4 viruses failed to integrate their genome into host cell chromosomes, thus 

suggesting that events that occur immediately after entry of the virus into host cells 

independent of env gpl20 can also determine the tropism of the virus. Further Fear et al., 

(Ill) in their study to compare the infectivity of cord blood and adult blood to primary 

HIV-l isolates showed that cord blood cells were refractory to certain R5 primary isolate 

but was infectable by other R5 isolate independent of CD4, CCR5 and CXCR4 
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1.9. Hypotheses. Our hypotheses are: 1) The specific molecular and biological 

properties of HIV-1, including the functional domains of accessory proteins Vif, Vpr and 

Vpu influence maternal-fetal transmission, 2) The interactions of HTV-l with neonatal 

mononuclear cells, including increased viral replication, coreceptor expression and post 

entry events are critical determinants of pathogenesis of HIV-l infection in neonates. 

Better characterization of HIV-1 transmitted from mothers to infants involved in 

pathogenicity has important implications for the development of strategies for prevention 

and treatment because the strategies should be targeted at the viruses involved in 

transmission and pathogenicity. 

1.10, Objectives. Therefore, the objectives of this dissertation are: 1) to analyze and 

compare HIV-1 accessory genes vif, vpr and vpu from transmitting mothers and their 

infected infants and non-transmitting mothers, 2) to compare the kinetics of HIV-l 

replication and levels of coreceptor expression in adult and neonatal mononuclear cells, 

and 3) to evaluate the replication of HIV-l primary and laboratory adapted isolates in 

immature and mature monocytes/macrophages. 

1.11. Implications. The insights generated from these studies may help in understanding 

the molecular mechanisms of HIV-1 mother-infant transmission and pathogenesis of 

infection in neonates. These results may be helpful in the development of better 

strategies for prevention and treatment of HTV-l infection and children. 
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2. MATERIALS AND METHODS 

2.1. Patient Population and Sample Collection: This study was approved by the 

Human Subjects Committee of the University of Arizona, Tucson, Arizona and the 

Institutional Review Board of the Children's Hospital Medical Center, Cincinnati, Ohio, 

and written informed consent was obtained for participation in the study. We studied five 

HIV-1 infected mother-infant pairs. Blood samples were collected from seven mother-

infant pairs and the infants' ages at the time of specimen collection were 6 weeks (infant 

A), 4.75 months (infant B), 14 months (infant C), 28 months (infant D), 34 months 

(infant E), 1 week (IF) and 24 months (IG). The age range allowed us to determine the 

age group of infants that could be used for sequence comparison of epidemiologically 

linked pairs. Also, blood samples were obtained from four non-transmitting mothers. 

The demographic, clinical, and laboratory findings of HIV-l infected non-transmitting 

mothers and mother-infant pairs are summarized in Table 1 and Table 2, respectively. 

TABLE 1. Demographic, clinical, and laboratory parameters of HFV-l infected non-
transmitting mothers (NT). 

Patient Age Race CD4 lymphocytes 
per mm^ 

Antiretroviral 
Drug 

Clinical 
evaluation'' 

NTl 32 B 845 None Asymptomatic 

NT2 20 B 698 None Asymptomatic 

NT3.5 24 B 609 None Asymptomatic 

NT3.5F'' 25 B 515 None Asymptomatic 

NT4 - 490 ZDV Asymptomatic 

a-ZDV-Zidovudine b- sample collected from mother 3.5 after one year of birth 
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TABLE 2. Demographic, clinical, and laboratory parameters of HIV-1 infected mother-
infant pairs. 

Patient Age Race CD4 lymphocytes Antiretroviral Clinical evaluation" 
per mm^ Drug 

Mothers 

A 36 yr B 706 None Asymptomatic 

B 28 yr B 509 None Asymptomatic 

C 23 yr W 818 None Asymptomatic 

D 31 yr W 480 None Asymptomatic 

E 26 yr B 395 ZDV" Symptomatic AIDS 

F 23yr B 692 None Asymptomatic 

G 23yr W 480 None Asymptomatic 

nfants 

A 6 wk B 2,994 - Asymptomatic 

B 4.75 mo B 1,942 - Asymptomatic 

C 14 mo W 772 ZDV Symptomatic AIDS 

D 28 mo W 46 ddC" Symptomatic AIDS 

E 34 mo B 588 ZDV Symptomatic AIDS 

F 1 wk B 2,953 ZDV Asymptomatic 

G 24 mo W 4,379 ZDV Asymptomatic 

a-ZD V -Zidovudine 

b-ddC-zalcitibine 
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2.2. Isolation of DNA from peripheral blood mononuclear cells: The peripheral 

blood mononuclear cells (PBMC) were isolated by a single step Ficoll-Paque procedure 

(Pharmacia-LKB) from the whole blood of HIV-1 positive mothers and their infants. 

Briefly the blood was allowed to sit in tubes to allow the blood cells to settle and the 

plasma was removed carefully without disturbing the settled cells. The blood was then 

diluted 1:1 with phosphate buffered saline (PBS) pH 7.4 and 10 ml of diluted blood was 

layered carefully over 9.0 ml of Ficoll and spun at 300 x g for 35 minutes. The interface 

containing PBMC was then removed and washed twice with PBS. Cells were then 

suspended in RPMI and frozen at -70° C. DNA was isolated from PBMC according to a 

modified procedure described by Oram et al. (112). Approximately 10^ PBMC were 

centrifuged at 12,000 RPMI for 2 min and the cell pellet was resuspended in 0.5 ml of 

TNE buffer (0.5 M Tris-HCl, pH 7.5; O.l M NaCl, I mM EDTA). The suspension was 

treated with 0.5% sodiumdodecyl sulfate (SDS) and 10 |ig/ml proteinase K (Boehringer 

Mannheim) at 60°C for 3 hours, followed by several extractions with phenol and 

chloroform. The DNA was precipitated with ethanol and dissolved in 50-100 |al TE 

buffer (10 mM Tris-HCl, pH 7.5, 1 mM EDTA), and sheared by repeated pipetting. 

2.3. Polymerase chain reaction amplification: A two step polymerase chain reaction 

(PCR) amplification, first with outer primers and then with nested or inner primers, was 

performed to detect the presence of HTV-l in infected patients' PBMC (41). Equal 

amount of HIV-1 PBMC DNA was used from each patient as determined by end point 

dilution (113). For pair A and B, we used DNA oligonucleotide primers VF4937, 

VF5710, VF52 and VF32 that were provided by David Volsky of St. Luke's-Roosevelt 
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Hospital Center (67). The PCRs were performed according to the procedure of Ahmad et 

al., (2-4) in a 25 ^il reaction mixtiire containing 2.5 |al of lOx PCR buffer (100 mM Tris-

HCl, pH 8.3, 100 mM KCl, 0.02% Tween 20), 2.5 mM MgCh, 40 ^M each of dAPT, 

dCTP, dGPT, and TTP, 0.2-1.0 [am of each outer primer pair and 2.5 units of UlTma 

DNA polymerase (Perkin-Elmer, Cetus Norwalk, CT). The reactions were carried out at 

94°C for 30 sec, 45''C for 45 sec, and 72°C for 1 min for 35 cycles. In an attempt to 

amplify a larger fragment encompassing vif and vpr of mother-infant pairs C, D, and E, 

and non-transmitting mother's 1, 2, 3.5, 3.5F and 4.0 the PBMC DNA was amplified 

using oligonucleotide primers VIF5, VPRl as outer primers and VIF6, VPR2 as inner 

primers were synthesized according to published HIV-l sequences of ML 4-3 (40). Also 

the vpr of pair A and B were amplified using these primers for the analysis of vpr gene. 

The PCRs were performed as described above in a 25 |il reaction containing 2.5 [al of 

lOX buffer (25mM TAPS (tris-(hydroxymethyl)-methyl-amino propanesulfonic acid, 

sodium salt) pH 9.3, 50 mM KCl, 2mM MgC12, ImM 2-mercaptoethanol, 400 jiM each 

of dAPT, dCTP, dGPT, and TTP, dAPT, dCTP, dGPT, and TTP, 0.2 ^M of each outer 

primers, and 2.5 units of TaKaRa LA Taq polymerase (TaKaRa Biomedicals, Japan). The 

reactions were carried out at 95°C for 30 sec, 50°C for 45 sec, and 72°C for 3 min for 35 

cycles. The vpu gene was amplified separately by nested PCR using VPU2 and TATl as 

outer primer and VPU4 and TAT2 as inner primers. The PCR was performed using 

BioLase enzyme (Intermountain Scientific Corp., Utah) using reaction conditions as 

described earlier. Negative controls consisting of DNA firom PBMC of sero-negative 

individuals were included in each set of reactions, which were negative in all the assays. 
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After the first round PCR, l|j.l of the product was ampUfied for 25 cycles with the 

corresponding inner primers at 95°C for 30 sec, 55°C for 45 sec and 72°C for 1 min (for 

inner primers VF52A^F32), 95°C for 30 sec, 55°C for 45 sec and 72°C for 3 min (for 

inner primers VIF6ATR2) and 95°C for 30 sec, 55''C for 45 sec and 70° sec for 1.5 mins. 

The PCR products were analyzed by electrophoresis on a 1.0% agarose gel. To avoid 

contamination, all the samples, reagents, and first and second round PCR products were 

kept separately and dispensed in a separate room free from all laboratory used DNAs. 

We also included a known HIV-1 NL 4-3 sequence for PCR amplifications as a control to 

assess errors generated by UlTma DNA polymerase and TaKaRa LA Taq polymerase and 

BioLase. The sequences of primers used above are listed in Table 3. 

TABLE 3: PCR primers used in the study. 
Primer 
Name 

OUgonucleotide Primer Sequence* Location in HIV-1 
genome** 

VIF5 TGGCAGCAATTTCACCGGTACTA 4580 - 4602 

VPRl CAACTTGGCAATGAAAGCAACAC 5916-5939 
V1F6 TCAAGCAGGAATTTGGAATTCCC 4633 - 4655 
VPR2 GGTACAAGCAGTTTAGGCTGACT 5875-5898 
VF4937 GGACCAGCAAAGCTCCTCTGGAAAGT 4937 - 4962 
VF5710 CAGTGCAAAAAATTCCCCTCCACAATT 5710-5735 
VF52 GAGAAGCTTTAATACAAGATAATAGTGA 

CAT 
4979 - 4999 

VF32 CTCGGATCCCATAAGTTTCATAGATATGT 
TG 

5691 -5712 

VPU2 ATATGCTTTAGCATCTGATGCACAAAATA 6375 - 6403 
VPU4 CCATAATAGACTGTGACCCACA 6321 - 6342 
TATl CAACTGCTGTTTATCCATTTCAGAA 5753 - 5780 
TAT3 GTGTCGACATAGCAGAATA 5783-5801 
ENV21 CCACT CTCT TC TCTTTGTTGGTGGG 7730 -7706 
ENV22 TTAACATGTGGAAAAATGACATGGT 6498 - 6522 
ENV20 GAAGTAGTATTGGTAAATGTGACAGA 6467 - 6492 
ENV23 TTTATATAATTCACTTCTCCAATT 7669 - 7646 

• 5'-3' orientation, ** NL4-3 numbers. 
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2.4. Cloning and DNA sequencing: The PCR products amplified by inner primer pair 

VF52AT32 and VIF6ATR2 for vif/vpr and TAT3ATU4 for vpu were blunt ended by 

DNA polymerase I (Gibco-BRL, Gaithersburg, MD), kinased by T4 polynucleotide 

kinase (Gibco-BRL, Gaithersburg, MD), and cloned into the Sma I site of pGem 3Zf (+) 

vector (Promega Corp., Madison, Wl). Individual bacterial colonies were screened for 

the presence of recombinants by restriction enzyme analysis of plasmid DNA. The 

clones with the correct size of inserts were selected and propagated for DNA preparation 

followed by nucleotide sequencing of 10 to 19 clones for each patient according to 

Sequenase protocol (U.S. Biochemical Corp., Cleveland, OH) as reported before (41). 

2.5. Computer alignment and analysis of HIV-1 sequences: The nucleotide 

sequences of the vif, vpr and vpu genes from the mother-infant pairs and non-

transmitting mothers were translated to corresponding amino acid. Alignments were 

performed by hand. Pairwise distances, defined as the percentages of mismatches 

between two aligned nucleotide sequences, were used to study the extent of genetic 

variability within an individual and between mother and infant. For intra-individual 

variability (within mothers' and infants' sequence sets), pairwise distances were 

calculated for all possible comparisons of pair of sequences within the set. For inter-

individual variability (between related mother-infant sets and between epidemiologically 

unlinked individual sets), each sequence from one set was compared with each sequence 

of the other set. The selection pressure was calculated as the ratio of nonsynonymous to 

synonymous substitutions (114) by comparing all possible pairs of sequences between 
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related mothers and infants sets. The phylogenetic analysis was performed by using the 

software PHYLEP, version 3.5 (115). The tree was build from a distance matrix (fimction 

DNADIST) by using the neighbor-joining method (function NEIGHBOR). The 

robustness of the neighbor-joining tree was assessed by bootstrap resampling of the 

multiple alignments (function SEQBOOT). One tree was generated for the sequences of 

our mother-infant pairs or non-transmitting mothers and the reference HIV-l sequence 

NL4-3 (GenBank accession number U26942) used as a root for the tree display. The 

second tree contained the sequences of our mother-infant pairs and other vif/vpr 

sequences extracted from the genetic database. These outgroup sequences were extracted 

using Entrez version 6.04 (116), a program for retrieving data from databases, and Sequin 

version 2.20 (117), a program for handling the data. Entrez allowed us to retrieve and 

align all the sequences encompassing the vif, vpr and vpu gene present in the genetic 

databases. Sequin was used to merge the alignment of our sequences with the alignment 

of the outgroup sequences, and save them in a format compatible with PHYLIP. 

2.6. Isolation and culture of adult and cord blood macrophages and lymphocytes; 

Peripheral blood mononuclear cells (PBMC) and cord blood mononuclear cells (CBMC) 

from healthy donors were separated on a Ficoll-Hypaque (Pharmacia) gradient as 

described earlier without removing the plasma. Lymphocytes and 

monocytes/macrophages were separated by plating 2x10^ cells in 24 well tissue culture 

plates in macrophage medium (RPMI-1640 (Gibco-BRL, Gaithersburg, MD) with 10% 

heat-inactivated pooled human AB serum 1 % penicillin-streptomycin (Gibco-BRL, 

Gaithersburg, MD)) and 2.0 ug of phytohemagglutinins (PHA; Sigma) per ml for 12-16 
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hrs. T lymphocytes were prepared by removing the washing off the non-adherent cells 

and suspending them in 1.0 ml of lymphocyte medium (RPMI-1640 supplemented with 

10% heat-inactivated fetal calf serum 1 % penicillin-streptomycin) and stimulated with 

20 U/ul of interleukin-2 (IL-2; Gibco-BRL, Gaithersburg, MD). For macrophage cultures, 

adherent cells were washed extensively, and cultured in 1.0 ml RPMI-1640 containing 

10% heat-inactivated pooled human AB serum and 100 U/ml of human macrophage 

colony-stimulating factor (MCSF; Sigma). The cells were cultured at 37° C with 5% CO2. 

Alternatively, macrophages were separated by passing the PBMC or CBMC through 

Miltenyi CD3 microbeads columns (Miltenyi Biotec, California) as per the 

manufacturer's instructions. Briefly 5 x lO' cells were suspended in 400 ul of column 

buffer (PBS pH 7.2 supplemented with 0.5 % bovine serum albumin and 2mM EDTA) 

mixed with 100 ul of CDS MicroBeads (Miltenyi Biotec, California) and were incubated 

for 15 mins at 8°C. Cells were then washed with 5 ml of column buffer and resuspended 

in 500 ul of column buffer. CD3 positive cells were then separated on positive selection 

columns type MS^/RS"*" (Miltenyi Biotec, California). Coliminns were prepared by 

washing them twice with 500 ul of column buffer and were placed in magnetic field. 

Columns were then loaded with 250 ul of cell suspension and rinsed thrice with 500 ul of 

columim buffer. Eluate was collected and washed with RPMI, and suspended in 48 ml of 

macrophage medivun containing 100 U of MCSF per ml and distributed equally into 48 

wells of 24 well tissue culture plates. Columns were then removed from the magnetic 

field and bound CD3+ cells were flushed out with the plunger supplied with the column 

and suspended in 48 ml of lymphocyte mediimi containing 2 ug of PHA per ml. 
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2.7. Viruses and Infection: Fifteen HIV-l isolates (Table 4) with different cell tropism 

i.e. macrophagetropic and T-lymphotropic strains were obtained from NIH AIDS 

Research and Reference Reagent Program, Bethesda, MD. All the isolates were expanded 

in PHA stimulated PBMC and supematent were collected 6-9 days post infection. 

Aliquoted stocks were stored at -70° C. T-lymphocytes, macrophages/monocytes were 

infected after overnight incubation (day 1), or after seven days post isolation (day 7). The 

virus was incubated with the cells for 2 hrs at 37° C in 200 ul of serum free media, 

inocula was removed and the cells were washed three times with RPMI-1640 before fresh 

culture medium was added. Medium was harvested every 3 days after infection, and 

assayed for reverse transcriptase activity (RT activity) by using standard RT assay. 

Briefly 20 ul of culture supernatant was mixed with 50 ul of RT cocktail containing 

15uCi of P^^ labeled dTTP per ml and incubated for 1.5 hrs at 37°C. 20 ul of this reaction 

mixture was then spotted on DE81 paper (anion exchange paper; Whatman, England) and 

was washed thrice with 1 X SSC buffer (Gibco-BRL, Gaithersburg, MD). 
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TABLE 4: Virus isolates used in the study. 

Isolate 
No. 

Name Clade Patient Transmission 
route 

Phenotype Recepto 
r 

92UG029 1650* A SI X4 
92UG035 1742* A/D NSI R5 
92RW008 1746 A NSI R5 
92US072 2449 B Infant In-utero NSI R5 
93US155 2759 B Infant Intra-partimi NSI R5 
93US151 2758 B Infant In-utero SI R5X4 
93US143 2755 B Infant Intra-partum SI R5X4 
93US073 2450 B Infant In-utero NSI R5 
93US074 2451 B Infant Intra-partum NSI R5 
90US144 2756 B Infant Post-partum NSI R5 
91US056 2099 B Infant In-utero NSI R5 
91US054 2101 B SI R5 
CMUlO 3026 E/A NSI X4 
U26942 NL4-3* B SI X4 
M68893 BA-L* B NSI R5 

* sequences obtained from GenBank Databases 

2.8. Flow cytometric analysis for membraoe CD4 and chemokine receptor 

expression: Cord blood and adult blood monocytes/macrophages were seeded into 25-

cm2 tissue culture flasks in RPMI-1640 plus 10% heat-inactivated human pooled AB 

serum with 100 U of MCSF. The cells were removed for analysis by using 0.5 mM 

EDTA in cold PBS and gently scrapped with cell scrapper. Cells were washed three 

times in cold PBS supplemented with 0.5% BSA (Facs buffer) and suspended to a final 

concentration of 10^ cells per 200 ul. For surface staining the 10^ cells were transferred to 

12 by 75 mm flow cytometry tubes and blocked with 1.0 ug of mouse IgG2b (Cahag, 

California) for 15 mins at room temperature. Then 2 x 10^ blocked cells were then 

aliquoted into Facs tubes and co-labeled with anti-CXCR4 (IgG2b)-PE MAb, anti-CCR5 

(IgG2b)-FITC (R&D Systems, Minnesota) and anti-CD4 (IgG2 )-TC (Caltag, California) 
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for 45 minutes at 2-8° C. Cells were also labeled separately with control mouse IgG2b-

FITC (Caltag, California), anti-CD33 (IgG2b)-FITC and anti-CD 14 (IgG2b)-FITC 

obtained from Caltag, California were a generous gift from Dr. Dominic DeLuca. 

Labeled cells were then washed twice with 4.0 ml of Facs buffer and resuspended in 1% 

cold paraformaldhyde and analyzed on FACS 440 (Beckton Dickinson). 

2.9. Isolation of RNA and RT-PCR of virus isolates: Nucleotide sequences for the 

gpl20 region of the envelope of the HIV-1 isolates used in the infection study were 

obtained from GenBank. For the isolates whose sequences were not available in 

GenBank viral RNA was extracted from culture supematants by using Trizol (Gibco-

BRL, Gaithersburg, MD). Briefly to 50 ul of the culture supernatant diluted with 50 ul of 

PBS pH 7.4, 300 ul Of Trizol plus 6.5 ng of yeast tRNA was added and mixed thoroughly 

and incubated for 5 mins at room temperature. To this 80 ul of choloroform was added 

and incubated for 10 mins at room temperature and then spun at 12000 g for 15 mins at 2-

8° C. Aqueous layer was then removed and then mixed with equal volumes of 

choloroform and spun again at 12000 x g for 5 mins. The aqueous layer was then again 

removed and precipitated with 300 ul of isopropanol at room temperatxire for 10 mins. 

RNA was pelleted at 12000 x g for lOmins and washed with 70% ethanol. The pellet was 

air dried and resuspended in 40 ul of water, of which 11.5 ul was mixed with 1.0 ul of 

ENV21 primer and heated to 65° C for 10 mins and chilled on ice. The Viral RNA was 

reverse transcribed with AMV reverse transcriptase (Invitrogen) in a 20 ul reaction at 42° 

C for 50 minutes in the presence of 1.0 ul of RNasin (Promega) and 1.0 ul of lOOmM 

dNTPs. The RT product was then used as a template for nested PCR amplification using 
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TaKaRa LaTaq as described above using ENV21, ENV20 as outer primers and ENV 22 

and ENV23 as inner primers. PCR products were sequenced directly by automated 

sequencing (Biotechnology Computing Facility, U of A, Tucson, AZ). Nucleotide 

sequences were translated and amino acid sequences were aligned for analysis. 

2.10. Nucleotide sequence accession numbers. The vif and vpr sequences have been 

submitted to GenBank with accession numbers AF019419 to AF019555 and AF042864 

to AF043029, respectively. 
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3. RESULTS 

3.1. PGR AMPLIFICATION OF HIV-1 vif, vpr AND vpu GENES FROM 

MOTHER-INFANT PAIRS' AND NON-TRANSMITTING MOTHERS' PBMC 

DNA. The PCR amplification of the vif. vpr and vpu gene was performed as a two step 

procedure as described by Ahmad, et al., (41). The first round of amplification for vif/vpr 

was performed by using primer pairs VF4937ArF5710 and VIF5ATR1 followed by 

nested PCR amplification employing primer pairs VF52A^32 (54) and VIF6ArPR2. The 

inner primer pairs yielded 728 bp and 1246 bp fragments firom PBMC DNA of infected 

mother-infant pairs (not shown). The vpu gene amplification was performed similarly by 

using TAT1/VPU2 outer primers and TAT3/VPU4 as inner primers (Table 3). HIV-1 was 

not detected in the PBMC DNA from normal donor. Equal amoimt of HIV-l PBMC 

DNA from each patient was used in PCR amplification reactions as determined by end-

point dilution (113). In addition, we confirmed the PCR result with another set of 

primers from the gag (118) and env (41) regions and the PCR results from the gag and 

env regions correlated with the vif region. To determine the errors made by UlTma and 

TaKaRa LA Taq polymerases, and BioLase we included a known HTV-l sequence 

(pNL4-3) for PCR amplification and sequencing. 

3.2. CHARACTERIZATION OF HIV-1 vif SEQUENCES FROM MOTHER-

INFANT ISOLATES 

3.2.1 Coding potential of the vif open reading frame in mother-infant isolates. 

The multiple alignment of the deduced amino acid sequences (192 amino acids) of the vif 

gene of HTV-l from PBMC DNA of the five mother-infant pairs are shown in Fig. 3. 
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The amino acid sequences were deduced from the nucleotide sequences from 137 

different vif sequences and aligned in reference to subtype B consensus sequence (Fig. 3). 

The coding potential of the vif open reading frame was maintained in most of the 

sequences in 78, 912 base pairs sequenced. We analyzed 137 different vif clones and 123 

clones contained intact vif open reading frame, an 89.8% frequency of conservation of 

intact vif open reading frames. The frequency of defective vif genes in our five mother-

infant pairs' sequences was 10.2%. We found that a total of 13 clones contained stop 

codons and one clone in mother C (CM09) had 150-bp (50 amino acids) deletion at the 3' 

end. In addition, three clones (BMIO, EMOl, and EM03) that contained stop codons also 

lacked initiation codons. These data demonstrate that vif sequences directly derived from 

the five HFV-l infected mother-infant pairs following perinatal transmission were 

conserved. The high frequency of intact vif open reading frames observed here is in 

agreement with the data of Sova et al., (67) and Wieland et al., (68), who found an intact 

vif in 87% and 90% of the clones analyzed, respectively. It is interesting to note that each 

mother-infant pair vif amino acid sequences displayed a pattern that were not seen in 

epidemiologically unlinked pairs (Fig. 3). There was no common signature sequence 

seen in all mother-infant pairs' sequences. These data suggest that an intact vif open 

reading frame is conserved in mother-infant pairs' isolates following perinatal 

transmission. 
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3.2.2. Variability of vif sequences from epidemiologicallv linked mother-infant 

isolates. To determine the degree of variability of the vif gene from five mother-infant 

pairs, we analyzed variation in nucleotide and amino acid sequences as shown in Table 5. 

The nucleotide sequences of the vif gene within mothers (mothers A, B, C, D, and E) 

differed by 2.6, 2.1, 1.6, 0.9, and 1.8% (median values), respectively, ranging from 0.2 to 

4.5%. The variability in the infant sets (infants A, B, C, D and E) was very similar to 

mothers' sequences and differed by 2.5, 1.8, 1.9, 1.2, and 2.4% (median values), 

respectively, ranging from 0.2 to 4.3%. Interestingly, the variability between mother and 

infant sets (epidemiologically linked pairs A, B, C, D, and E) was also on the same order 

of 3.1, 2.3, 1.8, 1.1, and 2.7% (median values), respectively, ranging from 0 to 5%. The 

median values of amino acid sequence variability of vif within mothers A, B, C, D and E 

was 4.6, 3.7. 3.0. 1.7 and 3.6%, within infants 4.7, 3.3, 3.5, 2.4 and 4.7%, and between 

epidemiologically linked mother-infant pairs 5.2, 3.7, 3.2, 3.7 and 5.8%, respectively. 

There was no difference in variability of vif sequences with increasing infants' age. 

However, the variability in general was greater between mother-infant pairs than within 

the same mother or same infant. These results indicate that the sequence variability 

within and among vif clones obtained from mother-infant pairs in our study is in the same 

order as reported before for vif (67, 119) and gag (120, 122) genes from infected 

individuals. We also determined whether low variability of the vif gene from mother-

infant pairs' isolates is due to the errors made by UlTma DNA or TaKaRa LA 

polymerase used in our study. We rarely foimd any errors made by UlTma or TaKaRa 

LA polymerase when using a known sequence of HIV-1 NL 4-3 for PCR amplifications 
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and DNA sequencing of the vif gene. Despite a low variability in the deduced amino acid 

sequences of vi/from the five mother-infant pairs, the infants' sequences displayed amino 

acid patterns similar to those seen in their mothers. 

3.2.3. Variability of vif sequences from epidemiologicallv unlinked mother-infant 

isolates. Figure 4, shows the histograms of the distributions of the vif nucleotide 

sequence distances within the same mother, within the same infant, between 

epidemic logically linked mother-infant pairs, and between two epidemiologically 

unlinked mothers; the medians of distributions were 1.9, 1.9, 2.1 and 8.0%, respectively. 

The data suggest that the vif sequences of epidemiologically linked mother-infant pairs 

were closer than those of epidemiologically unlinked individuals, keeping in mind the 

fact that a low degree of variability of the vif gene was observed in our five mother-

infant pairs and other infected individuals' sequences (67, 68). By using the sequence 

distances of a conserved region such as vif, we were able to easily differentiate the 

epidemiologically unlinked individuals from epidemiologically linked mother-infant 

pairs (Fig. 4D). Interestingly, the vif sequences from older infants (28 and 34 months age) 

were closer to their mothers' sequences (pair D and E) than epidemiologically unlinked 

sequences, suggesting that the epidemiological linked viral sequences can be identified 

even in older infants. 
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Table 5. Distances in the vif sequences within the mother sets and infant sets and 
between mother-infant sets 

A Distances (% nucleotides) within between 

mother set infant set mother-infant sets 

Pair min median max min median max min median max 

A 1.2 2.6 4.5 1.0 2.5 3.8 1.2 3.1 5.0 

B 0.3 2.1 4.5 0.2 1.8 4.3 0.5 2.3 4.7 

C 0.5 1.6 2.6 0.3 1.9 3.1 0.3 1.8 3.5 

D 0.2 0.9 1.6 0.3 1.2 2.1 0 1.1 2.1 

E 0.3 1.8 3.3 0.9 2.4 4.0 0.9 2.7 4.9 

Total 0.2 1.8 4.5 0.2 2.0 4.3 0 2.2 5.0 

B Distances (% amino acid) within between 

mother set infant set mother-infant sets 

Pair min median max min median max min median max 

A 1.0 4.6 7.3 2.1 4.7 8.3 1.0 5.2 9.9 

B 0.5 3.7 7.3 0 3.3 7.3 5.2 3.7 7.3 

C 1.4 3.0 4.7 1.0 3.5 6.3 0.5 3.2 6.8 

D 0 1.7 3.6 0.5 2.4 4.2 0.5 3.7 7.3 

E 0.5 3.6 6.8 1.6 4.7 7.8 1.6 5.8 9.4 

Total 0 3.3 7.3 0 3.7 8.3 1 0.5 4.3 9.9 

Distances are expressed as percent nucleotides (for nucleotide sequences) or percent 

amino acids (for amino acid sequences). Totals are calculated for all pairs taken together. 



FIGURE 4: Distribution of the vif gene nucleotide distances between epidemiologically 
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3.2.4. Rates of accumulation of synonymous and nonsvnonvmous substitutions. 

The selective pressure on mother-infant pairs' vif sequences was determined by 

calculating the ratios of nonsynonymous (dn) and synonymous (ds) substitutions (42). 

Several studies on HIV-1 sequence analyses have suggested that ratios of dn/ds of more 

than 1 indicate positive selective pressures by immune responses selecting for escape 

variants (41, 50, 54, 121, 122). The selective pressure on the vif gene quantified as the 

ratio of nonsynonymous to synonymous substitutions, showed no evidence for positive 

selection pressure for change. Comparisons of infant's sequences with mother's 

sequences from pairs A, B, C, D and E gave ratios of nonsynonymous to synonymous 

substitution, dn/ds, of 0.4, 0.5, 0.2, 0.9, and 0.5, respectively. Thus, there was very little 

selection pressure (< I) on vif sequences to change. These values are comparable, 

however, greater to that found for the gag gene (122). 

3.2.5. Phylogenetic analysis of vif sequences of mother-infant isolates. The 

similarity relationships among the 137 vif sequences from five mother-infant pairs and 

187 other vif sequences from infected individuals present in HFV database were traced 

and are shown in Figs. 5 and 6. The phylogenetic tree analysis performed as described in 

Materials and Methods for 137 vif sequences from five mother-infant pairs revealed that 

the five mother-infant pairs were well discriminated, separated and confined within 

subtrees (Fig. 5), indicating absence of PGR product cross-contamination (117, 123). 

These subtrees were equidistant from each other. The tree was rooted by using the HIV-l 
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FIGURE 5: Phylogenetic tree of 137 mother infant pairs 
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reference sequence, NL 4-3. High bootstrap values further emphasized the separation 

between the subtrees as distinct clusters. Bootstrap analysis performed by resampling the 

data sets 100 times formed the same clusters of the sequences all 100 times in five 

mother-infant pairs. Furthermore, the five subtrees showed homogeneous vif sequences in 

which some mothers and infants sequences were intermingled. 

In the second phylogenetic analysis (Fig. 6), 137 vif sequences from five mother-infant 

pairs' and 187 other available vif sequences were included. These additional 187 vif 

sequences comprised of three independent studies on the analysis of the vif gene from 

infected individuals (67-68, 119) and 35 sequences belonging to subtypes B, A, A/E, C, 

and D present in HIV databases. The tree grouped the 324 vif sequences in a similar way 

as in those based on the env and gag genes (41, 50, 54, 122, 124). The largest cluster, 

star-like, contained all subtype B sequences. The subtypes A, A/E, and C sequences 

diverged in a common lineage. Subtype D sequences (ELI, NDK) diverged independently 

from the center of the tree. In the subtype B cluster, the vif sequences from each 

individual and from each mother-infant pair were grouped closely together in subtrees. 

The average genetic distance among 2 sequences of subtype B, intra and inter-individual 

distances included, was 6.9%, ranging from 0 to 11.8%. The average pairwise distance 

within the cluster containing sequences of subtype A, C, and recombinants were 11%, 

ranging fi-om 2.8 to 15.1%. The average distance between sequences fi-om subtype B and 

the cluster of subtype A, C, and recombinants were 12.8%, ranging fi-om 8.3% to 16.3%. 

These values do not change when the 2 sequences of subtype D were included in the 

subtype B cluster. This analysis further suggests that vif sequences firom the five mother-
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infant pairs are closely related to subtype B than any other subtype. The vif sequences of 

our five mother-infant pairs are distinct from each other and from vif sequences of other 

infected individuals present in HIV database, including HIV-1 NL 4-3 that is used in our 

laboratory. 

3.2.6 Functional domains for Vif in mother-infant isolates. We next examined the 

presence of functional domains essential for Vif function (Fig. 7) in deduced vif amino 

acid sequences from five mother-infant pairs. Ma et al., (125) have shown that cysteines 

present at positions 114 and 133 (HXB2 clone numbering) are essential for viral 

infectivity. 

114 133 144 

SL(W)X4YX9Y SLQYLA 

•4" C-terminus 

Figure 7. Functional domains of Vif 

Both cysteines were present in 134 of the 137 vif sequences (Fig.3). In one clone from 

mother B (BM08) and two clones from mother-infant pair E (EM02 and EI07), cysteine 

was substituted with tyrosine and arginine, respectively. This data indicates a strong 

selection for the cysteine residues that are critical for vif mediated viral infectivity in 

mother-infant isolates during perinatal transmission. We also identified protein kinase C 

phosphorylation, N-myristoylation, cyclic AMP- and cyclic GMP-dependent protein 

kinase phoshorylation sites present in vif sequences (Fig.3). The ten potential 
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phosphorylation sites identified in the subtype B consensus vif sequence were conserved 

in most of the mother-infant pairs' vif sequences (Fig. 3). Yang et al., (126) have shown 

that phosphorylation of Vif by a serine/threonine protein kinase(s) plays an important role 

in regulating HTV-l replication and infectivity. Serine at position 144 is present in the 

motif SLQXLA (positions 144-149), which is the most highly conserved sequence among 

all lentiviruses Vif proteins (59) and mutation of serine to alanine at position 144 resulted 

in 90% inhibition of HIV-1 replication (126). The SLQXLA motifs at positions 144-149 

and the serine at position 144 were examined in vif amino acid sequences and found to 

be highly conserved in 135 of the 137 clones (Fig. 3). Also, another motif 

SL(W)X4YX9Y present in the N-terminus of the Vif in most of the lenti viruses (59) is 

highly conserved in all of our clones. The other important domain essential for membrane 

localization of Vif function during HFV-l replication requires basic amino acids at the C-

terminus (127). The C-terminus of Vif contains a high density of basic amino acids such 

as lysine and arginine clustered at positions 157 to 160 and 173 to 184 (124, 127). 

Mutations of these basic amino acids to alanine impaired Vif function and HTV-l 

replication (127). We investigated the presence of these basic amino acids' domains in 

the C-terminus of deduced amino acid of mother-infant pairs' vif sequences (Fig.3). The 

basic amino acids (lysine and arginine) at positions 157 to 160 and 173 to 184 at the C-

terminus were highly conserved (Fig.3), supporting the significance of these essential 

domains for Vif function (127) during maternal-fetal transmission. The data on the 

conservation of the functional domains required for Vif fimction suggest that a functional 

Vif is essential for HIV-1 infection and replication in mother-infant isolates. 
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The vif open reading frame was generally conserved in five mother-infant pairs' 

sequences following perinatal transmission (Fig.3). We found that 123 of the 137 clones 

analyzed were conserved for intact vif open reading frames. The frequency of intact vif 

open reading frame was 89.8% from five mother-infant pairs' sequences analyzed. The 

ftinctional domains required for vif function, including the two cysteines at positions 

114 and 133, a serine phosphorylation site at position 144, and the basic amino acids at 

the C-terminus, in terms of virus infectivity and replication were highly conserved in 

mothers and infants' sequences (Fig.3). The variability of the vif gene within mothers, 

within infants and between mother-infant pairs was low but there was a distinction 

between epidemiologically linked and unlinked individuals (Fig. 4). Our data shows that 

there was no difference in vif sequence variability with increasing age of the infants 

(Tables 1 and 5) contrary to V3 region sequences (41). There was no obvious 

correlation between vif intactness and disease status of the mothers or infants (Table 1 

and Fig.4). Considering the complete sequence analysis of the vif gene from five 

mother-infant pairs, an intact vif gene with fimctional sites conserved is important for 

HIV-l infection and replication in mother-infant isolates that are involved in perinatal 

transmission as shown before in case of natural HTV-l infection (67-68). 

3.3.1. Alignments of deduced amino acid sequences of vpr from mother-infant 

isolates. The multiple alignment of deduced amino acid sequences (96 amino acids) of 
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166 vpr clones from six mother-infant pairs and subtype B consensus sequence are 

shown in Fig. 8. The coding potential of the vpr open reading frame was maintained in 

most of the sequences in 47,808 base pairs sequenced. We analyzed 166 different vpr 

clones and 153 clones contained intact vpr open reading frame, a 92.17% frequency of 

conservation of intact vpr open reading frames. The frequency of defective vpr genes in 

our six mother-infant pairs' sequences v/as 7.83%. We found that a total of 7 clones 

contained stop codons. In addition, five clones (lOIG, 5MB, 2IA, 8IA, lOIA) lacked 

initiation codons and one clone (16IA) had a 90 bp (30 amino acid) deletion at the C-

terminal. Our vpr sequences displayed amino acid sequence pattern in each mother-

infant pair that were not seen in epidemiologically unlinked pairs (Fig.8). Interestingly, 

there were several amino acid motifs present in most of the mother-infant pairs' 

sequences, including an asparagine (N) at position 28, an alanine (A) or threonine (T) at 

position 55 and a glutamine (Q) or arginine (R) at position 77. 

3.3.2. Variability of vor sequences from epidemiologically linked and unlinked 

mother-infant isolates. To determine the degree of variability of the vpr gene from six 

mother-infant pairs, we analyzed variation in nucleotide and amino acid sequences as 

shown in Table 6. The nucleotide sequences of the vpr gene within mothers (A, B, C, D, 

E, and F) differed by 2.2, 0.6,0.8,0.6, 2.5, and 0.7 (median values), respectively, ranging 

from 0 to 5.3 %. The variability in the infant sets (A, B, C, D, E, and F) was very similar 

to mothers' sequences and differed by 0.8, 0.5, 1, 1.1, 1.5, and 1.5% (median values), 

respectively, ranging from 0 to 3.7%. Interestingly, the variability between mother and 

infant sets (epidemiologically linked pairs A, B, C, D, E, and F) was also on the same 



61 

10 20 20 40 SO 60 70 60 30 
1 • . 1 . 1 • M • • 1 • I -a34-B Mgr^PgrYpprpppyMBUfTT ct T FCT wrawroaTm trj nryTVgnNTrm.KrrtffikTTPTT fTt irotraTTgBHgRlt ;r WLUHM»faL<atc 

UA V C.A G Q 
3A I3l N V G Q 
3» C N V G G 
Wk N V G Q £ 
3ft i3) N V G Q 
ItOi N V G...G K....Q..K K. 
atA . .L N V G. .G .0 
laVi G N V G Q E 
UiVi T N V G 0 
12» N S.V E G G 
la (8) N .V G 0 
m (3) I K..-W V K G Q 
6IA N V G C • 
7IA W V G 0- -K 
12IA N V.I G C 
UIA G N.S y G Z 
14IA N V 1H G w 
16IA N V G 
1MB G..N N A P R.. 
2M 19) N N A L R. . 
Oe N N...Y A V L R.. 
9« I N N E...A R L R.. 
dC N N A V L R.. 
ae N N A A L L R.. 
ICMB N N E...A V.-.L R., 
UB (11) N H A L R.. 
8ZB R N H A G.-..L R. . 
ion H H A L R.. 
121B N N A • L R.. 
14IB C N N A L R.P 
181B U H R...A L R. 
UC ...T N V T R P S . . .  

aC (6) -. .T N V T P S.. . 
9C ...T F N V T P F... 
»C . ..T .N N V T... .M P S. - . 
IIK: .T G N V T P S... 
211C ...T N V T AP S... 
22IC (6) . - .T N V T P S.. . 
23IC K.T N V RT P S... 
251C ...T N v.- T T P S . . .  

26IC ...T N V l.T P S... 
29IC . .T N. V TR P S.. . 
31IC ..T F N V T R P S.. . 
1>C N T A w PR 
3C (21 N T A. ..V C W 
7JC G N T A Q W 
13K3 H T A Q FW 
HE N T A H 0 PR 
21D (31 M T A 0 WG 
3ID P N T A Q PR 
SID N T A Q 0 PR 
6ID N T A. ..V H Q » 
71D O) Ji ? A Q PR 
am p N T A Q m 
lom - G Jl T A.. .V c » 
12ID S P M T A. .K C PR 
14ID (2) N T A...V Q » 
UC K Jt M E K.. .A K.Q PR S... 
WE 13) Jl M A Q re S... 
3ME K H M A. 0 PR S. . . 
4ME N M T Q » S.. 
WE N S. .• A K...G PR S.. . 
7W JI...E H A 0 PR S... 
ac K N M E K.. .A K.Q W S. . . 
lOE N.V S A 0 PR S.. . 
UME U K AL 0 LR S... 
3IB (2) S N. A Q ?R S... 
41E G M M A 0 PR S.. . 
51E N. ..K M C A Q PR S.. 
61E JJ. ..K M A C re S.. 
01E a M. A Q re S.. . 
IITF J l  M A Q re S..P 
12TK N M A 0 re S... 
131B G N V A Q re S.. . 
Inf H N T. ..0 D A G L... .T.. .T... 
W (121 H N T. ..N D A Q L T...T... 
5or H JJ T. . .N D A L Q L T.. .T... 
TBT H N T. . .N D A Q  L T.. ."IC.. 
SbT H Jl T. . .N D. A 0. .G.. .L... -T.. .T. . . 
iTnr .. .s.roi n. . .g.i. .T.. .n d a g l t. . .t. .. 
UF (5) H N N C A G L T.. .T. .. 
4IF H N... .0 H C A Q.. .M. .L... T.. .T. . 
61F H N M C. .K.. .A Q L... .T.. .T. .. 
SJF HR Jl T.. .N.. .Y. .D. .E.. "A R.g F T.. .TN.. 
lOIF V H F N N D l.A fQ L T.. .T... 
UJF H N T.. .N.. .Y. X A Q 1 T.. .T.. . 

H N T.. .N.. .Y. .D A M R.Q F T.. .T. -
13IF H N P.S D A g L T.. .T. . . 
14IF H Jl N.. .Y. .D A T L L... .T.. .T... 
151F H JJ N D A 0 F T. ..T. .. 
16IF H N H D A.A Q L... .T.. .T. . , 

FIGURE 8:Multiple alignment of deduced amino acid 



62 

order of 2.4, 0.8,1.2, 1.1, 2.9, and 1.6% (median values), respectively, ranging from 0 to 

5.3%. The median values of amino acid sequence variability of vpr within mothers A, B, 

C, D, E, and F were 3.5, 1.6,1.3, 0.6, 3.5, and 1.1%, within infants 2.1, 0.9, 2.2, 2.0, 2.1, 

and 3.8%, and between epidemiologically linked mother-infant pairs 3.0, 1.3, 1.2, 1.3, 

3.4, and 3.2%, respectively. Moreover, there was no difference in variability of vpr 

sequences with increasing infants' age. We also determined whether low variability of 

the vpr gene from mother-infant pairs' isolates is due to the errors made by TaKaRa LA 

polymerase used in our study. We rarely found any errors made by TaKaRa LA 

polymerase when using a known sequence of HIV-l NL 4-3 for PGR amplifications and 

DNA sequencing of the vpr gene. The median distribution of distances within the same 

mother, within the same infant, between epidemiologically linked mother-infant pairs, 

and between two epidemiologically unlinked mothers were 1.1, 1.0, 1.8 and 5.8%, 

respectively. Thus, by using the sequence distances of a conserved region such as vpr, 

we were able to easily differentiate the epidemiologically unlinked individuals from 

epidemiologically linked mother-infant pairs. The selective pressure on mother-infant 

pairs' vpr sequences was determined by calculating the ratios of nonsynonymous and 

synonymous substitutions and showed no evidence for positive selection pressure for 

change. Comparisons of infant's sequences with mother's sequences from pairs A, B, C, 

D, E, and F gave ratios of nonsynonymous to synonymous substitution, dn/ds, of 0.07, 

0.08, 0.1, 0.2, 0.08, and 0.3, respectively. Thus, there was very little selection pressure (a 

ratio of <1) on vpr sequences to change. 



TABLE 6. Distances in tiie vpr sequences within mother sets, within infant sets, and between mother-infant pair sets. 

% Distances® 

Sequence Pair Within mother set Within infant set Between mother and infant sets Sequence Pair 

min median max min median max min median max 

Nucleotide A 0 2.2 5.3 0 0.8 2.5 0.3 2.4 5.3 

B 0 0.6 1.9 0 0.5 1.6 0 0.8 2.5 

C 0 0.8 1.9 0 1.0 2.2 0.3 1.2 2.5 

D 0 0.6 1.6 0 1.1 2.8 0.3 1.1 2.5 

E 0.3 2.5 5.3 0.3 1.5 2.8 0.9 2.9 5.0 

F 0 0.7 2.2 0 1.5 3.7 0.6 1.6 4.0 

Total" 0 1.1 5.3 0 1.0 3.7 0 1.5 5.3 

Amino acid A 0 3.5 10.4 0 2.1 6.3 0 3.0 10.4 

B 0 1.6 5.2 0 0.9 4.1 0 1.3 5.2 

C 0 1.3 4.2 0 2.2 4.2 0 1.2 4.2 

D 0 0.6 2.1 0 2.0 5.2 0 1.3 4.2 

E 0 3.5 8.3 0 2.1 4.2 0 3.4 7.3 

F 0 1.1 6.3 0 3.8 12.5 1.0 3.2 12.5 

Total" 0 1.8 10.4 0 1.9 12.5 0 2.0 12.5 

a-Expressed as percent nucleotides (for nucleotide sequence) or percent amino acids (for amino acid sequence). 

b-Calculated from all the pairs taken together. 

a\ 
LJ 
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3.3.3. Phvlogenetic analysis of vpr seouences of mother-infant isolates. To 

determine the similarity relationships among the 166 vpr sequences from six mother-

infant pairs and 195 other vpr sequences from infected individuals present in HIV 

databases, we performed phylogenetic analyses as shown in Figs. 9 and 10. The 

phylogenetic tree traced for 166 vpr sequences revealed that the six mother-infant pairs 

were well discriminated, separated and confined within subtrees (Fig. 9), indicating 

absence of PGR product cross-contamination (117,123). These subtrees were equidistant 

from each other. The average distance between 2 sequences from different pairs (inter-

subtree distance) ranged from 5% between pair C and E, to 8.8% between pairs C and F. 

High bootstrap values further emphasized the separation between the subtrees as distinct 

clusters. Bootstrap analysis performed on resampling the data sets 100 times formed the 

same clusters of the sequences 87 to 100 times in the six mother-infant pairs. 

Furthermore, the six subtrees showed homogeneous vpr sequences in which some 

sequences were intermingled. 

In the second phylogenetic analysis (Fig. 10) 166 vpr sequences from six mother-

infant pairs and 195 other available vpr sequences were included. These additional vpr 

sequences comprised of several independent studies on the analysis of the vpr gene from 

infected individuals (91-92,128-129) and 48 sequences belonging to the two main HTV-l 

groups, M (standing for major) and O (standing for outlier). Group M includes at least 

ten distinct HTV-l subtypes designated A to J, and we included subtypes A, B, C, D, and 

recombinants A/C, A/E, A/G, A/D. The tree grouped the 361 sequences in a manner 

similar to that for the env, gag and vif genes (41, 53-54,130). The largest, star-like 
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cluster, contained all subtype B sequences, including the six mother-infant pairs' 

sequences. Although diverging independently from the center of the subtype B, subtype 

D (ELI, NDK, MAL, 84ZR085) appeared as distant from subtype B sequences as two 

subtype B sequences. The subtype C, the subtype A/C, and the subtypes A, A/E, A/G 

were more distant from subtype B, and diverged on three separate lineages. In subtype B, 

sets of sequences from the same individuals and from each mother-infant pair were 

closely grouped in subtrees. Subtype B sequences from different individuals were shown 

approximately equidistant from the others as if arising from a common ancestor. The 

genetic distances among subtype B sequences, intra- and inter-individual distances 

included, was 6% in average, ranging from 0 to 18%. This value did not change when 

subtype D was included. The average distance between subtype A, C, and recombinant 

sequences was 10%, ranging from 0 to 17%. We measured the global variability of 

subtype B by generating a consensus sequence, supposedly at the center of the subtree B, 

and comparing all subtype B sequences to it. We generated the consensus sequence from 

the most frequent nucleotide at each position of the alignment. The genetic distances 

between the 335 subtype B sequences and the consensus B was 4%, ranging from 0.1% 

to 8%. When subtype D sequences were included in the calculation, the variability 

around the consensus B was up to 10%. Subtypes A, C, and recombinants were distant by 

10% to 15% from the consensus B, and group 0 by 21% in average. 

3.3.4 Analysis of Vpr functional domains in mother-infant isolates. Three domains 

have been classified in the Vpr protein (124) that are involved in virion incorporation, 

oligomerization, nuclear transport, cell cycle arrest and differentiation (Fig. 11). The first 
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domain includes amino acids 1-42 containing oligomerization domain and putative a-

helix (amino acid residues 17-34) required for virion incorporation. The second domain 

encompasses a HS/FRIG motif related with cytoskeleton function (131), 

leucine/isoleucine rich sequence (LR motif from amino acids 60-81) important for 

nuclear localization (132), a conserved dipeptide (GC residues 75 and 76) and a potential 

a-helical motif (residues 46-74) postulated to play a role in virion incorporation and in 

the stability of Vpr (133). The third domain (residues 77-96) contains highly charged 

amino acids and suggested to be involved in cell cycle arrest and differentiation (77). The 

NH2-terminal domain of the Vpr contains five negatively charged amino acids that are 

highly conserved and predicts an amphipathic a helix (132-133). 

oligomerization 

17 a-helix "^4 

.First Domain— 

HS/FRIG 
motif 
77 

60 LR-motif 
.Second Domain Thrd 

Domain 

Figure 11. Functional domains of Vpr 
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Examination of vpr sequences from six mother-infant pairs showed that the five 

negatively charged amino acids at the same positions were highly conserved (Fig 8). In 

addition, the HFRIG motif related with cytoskeleton function (134), was present in most 

of the sequences. Based on mutational analysis, several studies (77, 132) have identified 

specific domains m Vpr required for virion incorporation, nuclear import and cell cycle 

arrest/differentiation. The two glutamic acids at positions 21 and 24, hydrophobic polar 

leucines at 20, 22, 23 and 26, and alanine at position 59 that are required for virion 

incorporation of Vpr (132), were highly conserved in most of the 166 vpr sequences 

analyzed. In six clones from pair D (2MD, 3MD, 6ID, MID, 15ID, and 16ID), alanine 

was substituted with valine. We then examined the nuclear transport properties of Vpr 

that comprises of glutamic acid at positions 21 and 24, leucine at 20, 22, 23, 26, 67, and 

68, and alanine at 59 (132) and found to be highly conserved in most of the mother-infant 

pairs' vpr sequences analyzed (Fig. 8). The cell cycle arrests properties of Vpr that 

require glutamic acid at positions 21 and 24, alanine at 30 and 59, leucine at 64 and 67, 

histidine at 71, glycine at 75 and cysteine at 76 (132) as well as arginine at 73 and 80 (77) 

were conserved in mother-infant pairs' vpr sequences (Fig. 8). 
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3.4. CHARACTERIZATION OF vpu SEQUENCES FROM MOTHER-INFANT 

ISOLATES 

3.4.1. Multiple alignment of vpii sequences from mother-infant isolates. The 

multiple alignments of the deduced amino acid sequences of 162 vpu clones from six 

mother-infant pairs were aligned with molecular clone NL4-3 and are shown in Figs. 12. 

Examination of these sequences revealed that most of the sequences are full length with 

an intact vpu open reading frame. We have analyzed 162 different vpu clones and 146 

clones contained intact vpu open reading frame, an 90.3% percent conservation of vpu 

open reading frames. A total of 10 clones contained internal stop codons and one clone 

IGl lacked initiation codon. Six clones (MCI 1, MDl, IDS, ME9, MF6 and IGIO) carried 

in frame stop codons and three clones (MCI4, MC2, IF2) which had one base deletion in 

their nucleotide sequence also had stops in their amino acid sequences. Also, the presence 

of Ibase deletion four clones (IB3, ID2, ID 14, and MG3) did not result in any stop 

codons in their amino acid sequences. One clone from infant B (IBM) contained 41 

amino acid deletion at it C-terminus. In addition one clone MB 13 contained 1 amino acid 

addition at its' N-terminal, and two clones IE64 and IE16 had one amino acid (3 base) 

deletion at their N-terminus. 
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3.4.2. Variability of vpu sequences in mother-infant isolates. We next examined 

the sequence diversity in tlie vpu genes of our 162 clones from six mother-infant pairs 

using Kimura's two parameter model (function of Dnadist, Phyllip software). We 

analyzed the variability in both the nucleotide and amino acid sequences as shown in 

Table 7. The degree of intrasubject diversity of nucleotide sequences in vpu varied within 

each patient. The nucleotide sequence distances of vpu gene within mothers (MB, MC, 

MD, ME, MF and MG) varied from 0.83, 2.37, 1.25, 2.94, 2.52, and 1.24 percent 

(median values), respectively, with a range of 0 to 7.4%. The nucleotide sequences from 

infants (IB, IC, ID, IE, IF, and IG) showed more variability than their respective mothers, 

with median values of 2.08, 2.37, 4.7, 3.39, 1.25, and 3.82% (median values), 

respectively, with a range of 0 to 9.7%. The variability in the nucleotide sequences 

between linked mother-infant pairs was with in the same range of 0 to 9.81% with a 

median value of 3.9% (Fig. 13). The intra subject variability was comparable to the 

variability in nucleotide sequences seen by Zhang et al., (92). The variability between the 

linked mothers and infants was greater than the variability within the mother or infant. 

Comparison of vpu sequences showed a greater variability for epidemiologically unlinked 

individuals than epidemiologically linked individuals (Fig. 13). The variability of 

deduced amino acid sequences from mothers (MB, MC. MD, ME, MF, and MG) was 2.5, 

4.8, 2.5, 5.1, 3.8, and 3.8 % (median values, respectively (ranging from 0 to 15.2%). 

Also, the amino acid sequences from infants (IB, IC, ID, IE, IF, and IG) displayed 

significant variability with median distance values of 3.8, 4.8, 12.2, 7.8, 1.9 and 7.9 %, 
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respectively (range of 0 to 26.8 %). These results show that variability in the accessory 

gene vpu is greater than that 

30. 

70. 

60. 

50-

40, 

30. 
20, iL  ̂

0 « N  ^  O S  O  ^  

*• - - - - -

Diiianccs(%) Distances (%) 
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Distance (*/•) Dlilucci l%l 

Figure 13. Distribution of the vpu gene nucleotide distances between epidemiologically 
linked and unlinked mother-infant pairs. 



Table 7. Distances in the vpu sequences within mother sets, within infant sets, and between mother-infant pair sets. 

% Distances' 

Sequence Pair Within mother set Within infant set Between mother and infant sets Sequence Pair 

min median max min median max min median max 

Nucleotide B 0 0.8 2.5 0.4 2.8 3.4 0 2.1 3.4 

C 0 2.3 4.0 0 2.3 4.0 0 2.4 4.4 

D 0.4 1.3 2.9 0.4 4.7 9.7 1.3 4.2 9.7 

E 1.2 2.9 7.3 0 3.4 9.4 1.3 4.2 9.8 

F 0 2.5 3.8 0 1.3 2.6 0 2.1 3.9 

G 0 1.2 4.2 0.4 3.8 6.9 3.4 5.6 8.8 

Amino acid B 0 2.5 5.1 0 3.8 13.7 

C 0 4.8 11.4 0 4.8 11.2 

D 0 2.5 7.8 1.2 12.2 26.8 

E 1.2 5.1 15.2 0 7.8 23.3 

F 0 3.8 7.8 0 1.9 5.2 

G 0 3.8 12.0 0 7.9 16.5 

Total 0 3.8 15.2 0 7.9 26.8 

a-Expressed as percent nucleotides (for nucleotide sequence) or percent amino acids (for amino acid sequence). 

b-Calculated from all the pairs taken together. 

vd 
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seen in case of vif and vpr (130, 135) and comparable to the variability seen in case of 

env (41). The variability seen in vpu nucleotide and amino acid sequences was greater in 

older infants than in younger infants (Table 1 and 7). 

3.4.3. Ratios of non-svnonvmous to svnonvmous substitutions. The selection 

pressure for change on vpu genes from six mother-infant pairs quantified as the ratio of 

non-synonymous to synonymous substitutions (dn/ds) that showed evidence for little 

selection pressure to change. The pairwise comparison of mother-infant pairs' (B, C, D, 

E, F and G) sequences gave values of 0.66, 1.0, 1.66, 0.8, 0.5, and 0.83, respectively. 

These values were slightly higher than the values seen for vif and vpr (130, 135) 

sequences but were less than the values seen for env (41). 

3.4.4. Phvlogenetic analysis of vou sequences of mother-infant isolates. The 

phylogenetic relationships among 162 vpu sequences from our six mother infant pairs 

were determined by neighbor joining method. The robustness of the tree was assessed by 

100 bootstrap resampling of the multiple alignments. Figure 14, represents the 

phylogenetic Uee based on the sequences from six mother infant pairs compared to NL4-

3. The 162 sequences from six mothers and their infants were well discriminated 

separated and confined within subtrees. The sequences from mothers and their infants 

formed distinct subtrees and were intermingled among themselves. Sequences from 

infant D, infant G showed the presence of selection of certain variants from their mothers 

during transmission. 



Figure 14; Phylogenetic tree of 162 vpu sequences from six mother-
infant pairs 
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3.4.5. Analysis of Vpu functional domains in mother-infant isolates. The deduced 

amino acid Vpu sequences were examined for presence of functional domains required 

for Vpu function. Examination of these (Fig. 12) sequences reveal that most of our Vpu 

sequences are full length (81 amino acids) with an intact open reading frame. However, 

Vpu sequences from mother and infant C showed the presence of five additional amino 

acids at the C-terminal region the protein. The effect of these additional five amino acids 

on Vpu function needs to be determined. While our understanding of Vpu function is 

incomplete, recent studies have shown that Vpu can enhance the release of HIV-1 

particles (98-101) as well as degrade CD4 molecule (96-97, 101) in the endoplasmic 

reticulum. Degradation of CD4 molecule allows the transport of HIV-1 Env protein to 

cell surface. Mutational analysis of Vpu protein has shown that N-terminal 

transmembrane domain of Vpu (spanning the amino acids 1 to 30) is critical for 

enhancing the release of viral particles from infected cells (100). The C-terminal domain 

of Vpu has been predicted to contain two amphipathic alpha helical domains located 

between amino acid residues 30 to 50 and 59 to 76 (100). The two alpha helical domains 

are required for binding to CD4 (137, 139) and the phosphorylation of serines residues at 

position 53 and 57 are required for degradation of CD4 (136, 138). Further, it has been 

shown that functional domains required for enhancing virus release and CD4 degradation 

are independent of each other (100). 

Analysis of our mother-infant pairs' vpu sequences revealed variability with 

substitutions present in all the regions of Vpu. However, sequences from infant D 

showed significant variability in the region of first alpha helical domain. The serine 
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residues at position 53 and 57 required for Vpu function was highly conserved in all of 

our clones analyzed (136, 138). Interestingly, the analysis of Vpu sequences from 

mother-infant pair G showed selective transmission of mother's variants lacking arginine 

at position 32. The arginine at position 32 was present only in 11 of the 14 MG clones 

sequenced and was absent in all of infant G (IG) clones and other five mother-infant 

pairs. Furthermore the analysis of Vpu sequences of subtype B HIV-1 available in 

database (which represent Vpu sequences analyzed from sexually transmitted and intra

venous drug users) did not show the presence of this arginine (124). It is possible that 

arginine at this position is inhibitory to Vpu function and transmission of the virus. 

3.5. CHARECTERIZATION OF vif SEQUENCES FROM NON-

TRANSMITTING MOTHERS 

3.5.1. Alignment of vif sequences from non-transmitting mothers' isolates. The 

nucleotide sequences of 72 vif clones from four non-transmitting mothers (NT-1, NT-2, 

NT3.5, NT4) and the follow-up of NT-3.5 (NT-3.5F) were aligned manually. The 

nucleotide sequences were then translated into protein sequences. The deduced amino 

acid of 72 vif sequences from four non-transmitting mothers (NT-l, NT-2, NT3.5, NT4) 

and the follow-up of NT-3.5 (NT-3.5F) are aligned in reference to subtype B consensus 

sequence in Fig. 15. The sequence aligiunent revealed that each non-transmitting mother 

had a imique signatiire sequence and amino acid pattern conserved within that mother. 

Most of the nucleotide changes were point m.utations, which generally resulted in 
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substitutions. The coding potential of vif was maintained in three non-transmitting 

mothers (NT-1, NT-3.5, and NT-4) and the follow-up sample NT-3.5F. The open reading 

frame was intact in 57 of 72 clones from these mothers, a 79% frequency on intact open 

reading frames. Only two clones 1.14 and 3.5.8 carried one base deletion at position 423 

bp and an internal stop at amino acid position 21, respectively. The vif open reading 

frame of NT-2 was disrupted by the lack of initiation methionine, which was substituted 

with isoleucine in all the 13 clones sequenced from this mother. Further the sequences 

from this mother contained four intemal stop codons at position 21, 38, and 79 and 174 of 

the amino acid sequence. 

3.5.2. Variability of vif  sequences from non-transmitting mothers' isolates. To 

determine the degree of variability of the vif gene from the non-transmitting mothers, we 

calculated the nucleotide and amino-acid sequence distances within the mother sets as 

shown in Table 8. The nucleotide sequences of vif gene within the mother sets NT-1, NT-

2, NT-3.5, NT3.5F, and NT-4 differed by 1.2, 0.7, 0.5, 1.2, and 0.4% (median values) 

respectively with a range of 0 to 3. Also, the variability in the amino acid sequences of 

mothers NT-1, NT-2, NT-3.5, NT3.5F, and NT-4 were 2.1, 1.6, 1.0, 2.1, and 0.5 

respectively. 

3.5.3. Ratios of non-svnonvmous to synonymous substitutions. The selection pressure 

for change on vif gene was quantified as the ratio of non-synonymous to synonymous 

substitution. The comparison of vif sequences from non-transmitting mothers gave ratios 

of 0.3,1.0, 0, 0.3, and 0.3 respectively (Table 9). Thus, there was little selection pressure 

(a ratio of < 1) on vif sequences to change except NT-2. These values are lower than the 



values seen for transmitting mothers (Table 9) except for NT-2 sequences which lack 

initiation codons and also contains internal stop codons. 

Table 8 . Distances in the vif sequences within non-transmitter mothers 

Distances (%) 

Nucleotide Amino acid 

Mother min median Max min median max 

NTl 0 1.2 2.3 0 2.1 4.3 

NT2 0.17 0.7 1.4 0.5 1.6 3.8 

NT3.5 0 0.5 1.4 0 1.0 2.1 

NT3.5F 0.7 1.2 3.0 0 2.1 5.4 

NT4 0 0.4 2.1 0 0.5 2.7 

Total 0 1.2 3.0 0 1.6 5.4 

Table 9; Ratio of nonsynonymous to synonymous substitutions in vif 
sequences of transmitting and non- transmitting mothers 

Transmitting mothers Non-transmitting mothers 

Mother dn/ds Mother dn/ds 

A 0.5 NTl 0.3 

B 0.7 NT2 1.0 

C 0.3 NT3.5 0 

D 0.5 NT3.5F 0.3 

E 0.7 NT4 0 

3.5.4. Pbylogenetic analysis of vif sequences of Don-transmitting mothers' isolates. 

Phylogenetic analysis of 72 vif sequences from four non-transmitting mothers was 

performed using Phyllip software as described earlier. The analysis revealed that the non-

transmitting mother sequences were well discriminated, separated and confined within 
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subtrees (Figure 16), indicating the absence of PGR cross-contamination. The root of the 

tree was the reference HIV-1 NL4-3. The non-transmitting mothers' sequences were 

separated and discriminated from our previously analyzed transmitting mothers and their 

infants' sequences. 
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3.5.5. Analysis of Vif functional domains in non-transmitting mothers' isolates. 

Next, we examined our vif from NT-1, NT-3.5, NT3.5F and NT-4 for the presence of 

functional domains required for Vif fiinction. All sequences from NT-2 lacked initiation 

codon and also contained several internal in frame stop codons, suggesting that a 

functional Vif protein was not present in this mother. Analysis of amino acid sequences 

from NT-1 in a highly conserved motif SL(W)X4YX9Y located between amino acid 

residues 23-40 (59) revealed the presence of histidine in place of conserved tyrosine at 

position 30. However, Vif sequences fi^om other mothers showed conservation of 

cysteines at position 114 and 133 previously shown to be required for Vif flmction (125). 

In addition, a highly conserved motif SLQXLA located between amino acids 144-149 

was highly conserved in all of our clones (59). Interestingly, the sequences fi"om NT-3 

and NT-4 contained amino acid residues, including asparagine at position 22, lysine at 77 

and histidine at 110 (Fig. 15) that were highly conserved but were absent in sequences 

fi-om transmitting mothers and their infants (Fig. 3). These residues might have some 

significance in preventing transmission. However, the significance of the amino acid 

substitution at these positions in the Vif protein is not known. 

3.6.1. Alignment of vor sequences from non-transmitting mothers' isolates. Figure 

17, shows the alignment of the deduced amino acid sequences of vpr gene from four non-

transmitting mothers. The coding potential of Vpr was maintained in three of the four 
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non-transmitting mothers NT-1, NT-3, and NT-4. Similar to the Vif sequences from our 

non-transmitting mother NT-2, Vpr sequences from NT-2 lacked initiation and also 

contained an internal stop codon at amino acid position 54. Further one vpr clone from 

NT-1 (NT-1.2) and NT-3 (NT3.5.1) contained internal stop codons and one clone from 

NT-4 (NT-4.8) lacked initiation codon. The Vpr sequences from NT-3 contained one 

amino acid deletion in their C-terminal required for cell cycle arrest. Vpr sequences 

within each mother displayed a pattem not seen in sequences of other unlinked mothers. 

3.6.2. Variability of vpr sequences in non-transmittina mothers' isolates. Pairwise 

comparison of nucleotide and deduced amino acid sequences were done to calculate the 

sequence variability in vpr within non-transmitting mothers. The intra-subject nucleotide 

sequence variability (Table 10) in our non-transmitting mothers (NTl, NT2, NT3.5, 

NT3.5F, and NT4) was l.l, 1.0. 0.7, l.I and 0.3% (median values) respectively with a 

range of 0 to 3.6%. The distances calculated for the deduced amino acid sequences also 

revealed very little genetic diversity (Table 10), thus showing a high degree of 

conservation of vpr sequences in non-transmitting mothers. These results were similar to 

those seen in analysis of our six transmitting mothers and their infants. 

The ratio of non-synonymous to synonymous substitutions calculated for NT-1, NT-2, 

NT-3.5, NT-3.5F and NT-4 were 1.0, 0, 0.3, 0.2, and 0 respectively, thus indicating little 

selection pressure for change (41). 
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Table 10. Distances in the vpr sequences within non-transmitter mothers 

Distances (%) 

Nucleotide Amino acid 

Mother i n median max min median max 

NTl 0 1.1 2.8 0 2.1 6.5 

NT2 0 1.0 2.8 0 1.1 3.2 

NT3.5 0 0.7 3.6 0 1.1 7.9 

NT3.5F 0 1.1 3.6 0 1.1 3.2 

NT4 0 0.3 1.4 0 1.0 4.2 

Total 0 1.0 3.6 0 1.1 7.9 

TABLE 11. Ratio of nonsynonymous to synonymous substitutions in 
vpr sequences in transmitting and non-transmitting mothers 

Transmitting mothers Non-transmitting mothers 

Mother dn/ds Mother 1 dn/ds 

A 0.3 NTl 1.0 
B 0.5 NTl 0 
C 0.3 NT3.5 0.3 
D 0 NT3.5F 0.2 
E 0.3 NT4 0 

F 0 

3.6.3. Phvlogenetic analysis of vpr sequences of non-transmittin2 mothers' 

isolates. Phylogenetic relationships of 72 sequences from four non-transmitting mothers 

and 166 vpr sequences from six mother-infant pairs were determined. The nucleotide 

sequences of vpr from each non-transmitting mother formed distinct groups well 

separated from each other (Fig. 18). 
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3.6.4. Analysis of Vpr functional domains in non-transmitting mothers' isolates. 

Similar to our analysis of Vpr sequences from transmitting mothers and their infants, we 

analyzed non-transmitting mothers' Vpr sequences for the presence of functional motifs 

required for Vpr function in vivo. The Vpr sequences for NT-2 did not contain an intact 

open reading frame (Fig. 17). The Vpr sequences from other non-transmitting mothers 

(NT-1, NT-3.5, NT-3.5F, and NT-4) indicated high degree of conservation of fimctional 

domains, including HFRIG motif, residues required for virion incorporation, and nuclear 

transport of pre-integration complex functions of Vpr (77, 131-132). Further analysis of 

NT-4 for amino acid residue alanine at position 30 required for arresting cell cycle in 

HIV-1 infected T-cells (77, 132) revealed a substitution with serine The property of Vpr 

to arrest the HIV-1 infected cells allows to maximize the virus production from the 

infected cells. Also, alanine at position 30 spans a highly conserved region (amino acid 

position 29-36) required for virion packaging of Vpr (77, 132). In addition, Vpr 

sequences from NT-3.5 and NT-3.5F contained one amino acid deletion in the C-

terminal. The C-terminus of Vpr has been previously shown to be essential for mediating 

cell cycle arrest by Vpr (132). Significance of such a deletion at C-terminus of Vpr is not 

fully understood, but shown to be associated with long term non-progression of HTV-l 

infection in a mother and infant pair (91). 
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3.7 COMPARISON OF HIV-1 vif AND vpr SEQUENCES FROM 

TRANSMITTING AND NON-TRANSMITTING MOTHERS. 

3.7.1. Comparison of vif  and vpr sequences* distances. We compared the nucleotide 

and amino acid sequence distances of non-transmitting mothers with transmitting 

mothers. The sequence diversity seen in transmitting mothers was slightly greater than 

those of non-transmitting mothers (Table 5 and 8 and Table 6 and 9 respectively), 

indicating that the vif and vpr sequences from non-transmitting mothers were more 

homogenous than the vif and vpr sequences from transmitting mothers. 

3.7.2. Comparison of vif  and vpr sequences phvlogenetic tree. The phylogenetic 

analyses of four non-transmitting mothers' sequences were compared with the sequences 

of five transmitting mothers and infants (Figure not shown). The sequences from each 

linked mother-infant pair's and non-transmitter mother's formed distinct groups, thus 

ruling out the possibility of mixing of transmitting mother-infant sequences with non-

transmitting mother sequences. However, the sequences from non-transmitting mothers 

interdigitated between the sequences groups from transmitting mothers thus indicating 

that the sequences of non-transmitting mothers did not have a unique origin. 

3.7.3. Comparison of Vif and Vpr functional domains. 

Analysis of functional motifs of Vif and Vpr from transmitting mothers showed high 

degree of conservation, suggesting that these genes were being positively selected for 

function in vivo. However, the sequences from non-transmitting mothers' showed 

variable degree of functional conservation in either Vif or Vpr. All the sequences 

analyzed from non-transmitting mother NT-2 lacked initiation codons and multiple 
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internal stop codons for Vif and Vpr. The deduced amino acid sequences for Vpr from 

NT-4 sequences showed substitution of serine in place of alanine at position 30 which is 

essential for induction of cell cycle arrest by Vpr (77,132). Substitution of alanine with 

serine has been shown to decrease the nuclear localization of Vpr (132) required for 

mediating nuclear transport of preintegration complex formed during the initial stages of 

HIV-1 replication. The Vpr sequences from non-transmitting mother NT-3 contained one 

amino acid deletion in their C-terminus. Biological significance of this substitution is not 

known, but has been suggested to be associated with long term non-progression of HTV-l 

infection (132). The C-terminus of Vpr is important in mediating cell cycle arrest in HIV-

1 infected cells. 

The Vif sequences from NT-1 showed substitution of tyrosine at position 30 in an 

otherwise highly conserved motif SL(W)X4YX9Y present in Vif sequences from all 

lenti viruses (59). The Vif sequences from NT-3 and NT-4 contained amino acid 

residues, including asparagine at position 22, lysine at 77 and histidine at 110 (Fig. 15) 

that were highly conserved but were absent in sequences from transmitting mothers and 

their infants (Fig. 3). These residues might have some significance in preventing 

transmission. However, the significance of the amino acid substitution at these positions 

in the Vif protein is not known. 
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3.8. KINETICS OF HIV-l REPLICATION IN CORD (NEONATE) AND 

ADULT BLOOD MONONUCLEAR CELLS 

3.8.L Differential patterns of HIV-l replication in cord and adult blood 

mononuclear cells. Lymphocytes obtained from cord blood and adult blood were 

stimulated for two days with PHA and infected with 20,000 RT counts of known HIV-l 

strains HIV-Ibu-l and HrV-lnl4-3. Culture supematants from these infected cells were 

assayed for virus production by detection of reverse transcriptase activity on days 10 and 

16 post infection. As shown in the figure 19 both HIV-lea-L (Figure. 19A) and HrV-lNL4-

3 (Figure. 19 C) replicated more efficiently in cord blood lymphocytes compared to adult 

cells. HFV-lBa-L replicated to levels more than three fold higher in cord blood 

lymphocytes compared to adult lymphocytes. Similarly, HrV-lNL4-3 replicated 2.5 fold 

better in cord blood lymphocytes, indicating that cord blood lymphocytes were more 

susceptible to productive infection by HIV-l compared to adult blood lymphocytes. 

'Furthermore, MDM's derived from cord blood and adult blood monocytes were infected 

on day 4 of culture and showed that the cord blood MDM's were more susceptible to 

productive infection by HIV-lsa-L compared to adult blood MDM's (Figure. 19B). HTV-

Ibu-l replicated 9 fold better in cord blood MDM's compared to adult blood MDM's 

(Figure 19B). In addition, day 1 neonatal monocytes were more susceptible to infection 

with HrV-lsa-L than monocytes from adult blood. These results are similar to that seen 

using macrophage tropic isolates HTV-l jrcsf and HTV-l jRFLby Sperduto et al., (140). 
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3.8.2. Comparison of replication of HlV-1 primary isolates in cord blood and 

adult blood monocytes and MDM's Svneenic cord blood monocytes and MDM's 

display differential susceptibilities to HIV-1 infection. Thirteen primary isolates obtained 

from AIDS reference reagent program (Table 4) and two lab adapted macrophage-tropic 

HIV-lsa-L and T cell tropic strains HIV-INL4-3 were compared for their infectivity and 

replication efficiency in neonatal monocytes (dayl post-isolation), MDM's (day 5 or 7 

post isolation). In any given experiment the two cell types were infected with the primary 

isolates, HIV-lsa-L and HrV-lNL4-3- Day 1 neonatal monocytes could be infected with lab. 

adapted macrophage-tropic HIV-lsa-L- Figure 20.1 shows that HIV-Isa-Lproduced readily 

detectable levels of reverse transcriptase activity in supernatant 6 days after infection but 

productive infections could not be established with any primary isolates or the lab. 

adapted T-cell tropic isolates tested. 

Plastic-adherent neonatal monocytes left to differentiate to macrophages 

fMDM's) for 7 days prior to infection with HIV-1 became permissive to infection by a 

wider ranee of HIV-1 isolates. HIV-lRa.r and primary isolates 2449, 2759, 2450, 2099, 

2451, 2755, 1650, 2101 also established productive infections, with widely varying 

replication kinetics and peak of viral titers. However, infection with 1650, 2101, 1746 

was variable in different donors and some isolates failed to replicate in any of our 

experiments 3026, 2756, 1742,1746, 2758. Figure 20.2. In a different experiment using 

neonatal monocytes allowed to differentiate for 4 days in culttu-e, we foimd that only few 

primary isolates could replicate (Figure 21.1 and 21.2). 
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Svn£enic cord blood Ivmphocvtes do not display differential suscevtibilities to 

HIV-l infection. Cord blood lymphocytes stimulated with PHA for one day and cultured 

in presence of IL-2 were infected with the 13 primary isolates and the lab adapted HTV-

1nl4-3 and HFV-lba-l • Neonatal lymphocytes from day 1 and day 7 of in culture were 

susceptible to all of the primary isolates used (Table 4) and the lab. adapted strains, 

although the lab. adapted showed better replication than primary isolates (Figs. 22.1 & 

22.2). 

Svneenic adult blood monocytes and MDM's also display differential 

susceptibility to HIV-l infection. Adult blood monocytes (day 1 after isolation) were 

infected by primary isolates and the lab. adapted HlV-lsa-t and HIV-lnl4-3. In contrast to 

non-permissiveness of day 1 neonatal monocytes to infection by primary isolates and 

HrV-lnl4-3, day 1 adult monocytes were highly susceptible to HIV-Ibb-l and surprisingly 

to few of the primary isolates 2759, 2099, 2451, 2755 (Figure 23.1). 

Adult blood derived MDM's (day 7 of culture post isolation) were permissive to 

infection with several other primary isolates and HIV-Inn.i. but were resistant to 

infection bv HIV-lmu.i. and few primary isolates 3026. 1746. and 2758. fFieure 23.2). 

Syngenic adult blood lymphocytes stimulated with PHA and propagated with IL-2 were 

susceptible to infection and replication by all our primary isolates and HIV-lea-L and 

HIV-lNL4-3.(Figures 24.1 and 24.2) 
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Figure 20.1: Replication Kinetics of HIV-1 in Day 1 Cord blood monocytes 
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Figure 23.1: Replication Kinetics of HIV-1 in Day 1 Adult blood monocytes 
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Differential tropism is not related to surface expression of HIV-1 receptor CD4 and 

coreceptors CXCR4 and CCR5. The failure of primary isolates to replicate in monocytes, 

MDM's could be a result of block to HIV-1 binding and entry and could result from 

absence or different levels of CD4 or CXCR4 and CCR5 expression on day 1 monocytes, 

and MDM's. 

3.8.3. Coreceptor expression in adult and cord blood monocvtes/macrophages. 

We next investigated the neonatal and adult monocytes and MDM for chemokine 

receptors CXCR4 and CCR5 expression. Day 1 monocytes from neonate and adult were 

found to express low levels of CXCR4 and CCR5 (Table 12). In contrast, the day 7 

MDM from cord and adult blood showed significant increase in CXCR4 and a slight 

increase in CCR5 expression (Table 12). Increased permissiveness of MDM compared to 

neonatal and adult monocytes to some primary isolates can be correlated with the 

increase of coreceptor expression, but fails to explain the inability of other primary 

isolates and HFV-Inlw to infect the MDM's. 

3.8.4. Analysis of HIV-1 gpl20 nucleotide sequence from primary and lab 

adapted isolates To determine whether differential susceptibility of monocytes and 

MDM to primary HTV-l isolates is due to the sequence variation in Env gpl20, we 

performed RT-PCR on the infection supernatant of the primary isolates used in this study 

(Table 4). PGR amplified products were sequenced directly by automated sequencer to 

determine the nucleotide sequences and translated to amino acid. HIV-I Env gpl20 (VB 

region) is an important determinant of cellular tropism and VI-V2 for virus spread in 
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macrophages. Nucleotide sequences for the lab adapted HIV-lBa-L. HrV-lNL4-3, and 

primary isolates 1650 and 1742 were obtained from GenBank Databases. Figure (25) 

shows the multiple alignment for the deduced amino acid sequences of our 13 primary 

isolates and lab adapted strains HIV-1NL4-3 aligned against HIV-lsa-L-

Table 12: Expression of CD4, CXCR4 and CCR5 on neonatal and adult 

monocytes, and MDM's. 

Adult blood (% positive) Cordblood (% positive) 

Antibody Day 1 MDM Day 1 MDM 

CD14 67 64 68 88 

CD33 1.6 10 0.4 8.0 

CD4 3.8 69 0.83 82.8 

CCR5 2.1 8.0 1.1 6.3 

CXCR4 24.6 50 4.0 69 
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4. DISCUSSION 

4.1 Role of Vif in mother to infant transmission 

We have performed a complete analysis of HIV-1 vif sequences from five mother-infant 

pairs following perinatal transmission. The vif sequences directly derived from the DNA 

of uncultured PBMC, the closest in vivo situation, revealed a conserved vif open reading 

frame in mothers and infants' isolates with 89.8% frequency of intact vif open reading 

frames. The two cysteines at positions 114 and 133 (125), the serine phosphorylation site 

at position 144 (126), and the basic amino acids' domains at C-terminus (127) required 

for vif dependent viral infectivity and replication were highly conserved in most of the 

mother-infant pairs' vif sequences. Our results also show a low degree of variability of 

vif sequences following mother-to-infant transmission. However, the epidemiologically 

linked mother-infant pairs' vif sequences were easily distinguishable from 

epidemiologically unlinked individuals. These findings indicate that an intact vif open 

reading frame is required for HIV-l infection and replication in mothers and infants and 

suggest a role in perinatal transmission. Our results are consistent with the earlier 

published analysis of vif sequences from HIV-l infected individuals (60, 66) which 

suggested that vif plays a critical role in natural HIV-l infection. 

The coding potential of the vif gene was maintained in most of the sequences (78, 

912 base pairs sequenced) except thirteen sequences containing stop codons and one 

having deletion (Fig. 3 A-E). A total of 89.8% of the vif clones obtained from 

uncultured PBMC DNA from five mother-infant pairs contained intact vif open reading 

frames. Similar observations of 87% (67) and 90% (69) conservation of intact vif open 
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reading frames in infected individuals and 83% (67) in short term virus cultures have 

been reported. The frequency of inactive vif genes from our five mother-infant pairs' 

isolates were 10.2% and were in the same order of 13% (60) and 10% (69) observed in 

the uncultured PBMC DNA of HIV-1 infected individuals. In contrast, a frequency of 

31% defective vif genes in infected individuals has been reported (119). These 

differences could be attributed to the time of sampling, clinical stage, or geographic 

origin. The frequency of inactivating mutations found in our five mother-infant pairs' vif 

sequences is greater than those observed for gag (1.5%) (134, 120) or for nef (3.3%) 

(141) genes. However, the possibility exists that these inactive vif genes that persisted in 

the mothers may have been transmitted to their infants at a very low rate. 

Phylogenetic analysis performed on the five mother-infant pairs' vif sequences and 

187 other vif sequences from HIV databases clearly demonstrate that the five pairs are 

well discriminated, separated and confined within subtrees (Fig. 6), indicating absence of 

PCR product cross-contamination (117, 123). In addition, our five mother-infant pairs vif 

sequences formed distinct clusters from all the sequences, including HIV-1 NL 4-3 which 

is used in our laboratory (Fig. 5). The variability of the vif gene within mothers, within 

infants, between mother-infant pairs, and between epidemiologically unlinked mothers 

was 1.9, 1.9, 2.1, and 8.0%, respectively, suggesting that the epidemiologically linked 

sequences are closer than epidemiologically unlinked sequences. Our data also suggest 

that the low variability of vif sequences was not due to errors made by UlTma or 

TaKaRa polymerases. Therefore, the low variability of vif observed in mother-infant 
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pairs' sequences persist in vivo and are in agreement with those reported for infected 

individuals (67, 69). 

The data presented in here do not provide evidence for a positive selection pressure for 

change in vif sequences. This is in contrast to the env V3 region sequences from mother-

infant pairs' Isolates where a positive selection pressure for change was observed (41,51, 

54,142). The V3 region sequence population are known to be variable and contain 

several variants or genotypes (41, 50, 54,124). Based on the V3 region sequence analysis 

from mother-infant pairs, it was shown that HIV-1 minor genotypes were transmitted 

from mothers to infants (41, 51-54). The minor genotypes predominated initially as a 

homogeneous virus population in the infants and then became heterogeneous as the 

infants grew older (41, 51), supporting the notion that there was a strong pressure on the 

V3 region sequences to change. On the contrary, vif [as gag (92)] evolves with little 

selection and the mothers' variants persist during transmission. Evidence for this is 

provided by a low variability of and little selection pressure on the five mother-infant 

pairs' vif sequences. 

The most interesting observation was a high conservation of the functional domains 

essential for Vif fiinction in mother-infant pairs' sequences. The two cysteines at 

positions 114 and 133 were present in 134 of the 137 clones (Fig. 3 A-E), confirming the 

finding of Ma et al., (125) who demonstrated that the two cysteines in HIV-l Vif are 

critical for Vif mediated viral infectivity. Phosphorylation of Vif by serine protein 

kinases(s) at position 144 plays an important role in regulating HIV-l replication and 

infectivity (126). Mutation of serine to alanine at position 144 in the motif SLQXLA 
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[positions 144-149] (59) resulted in loss of Vif activity and 90% inhibition of HIV-l 

replication (126). The mother-infant pairs' vif sequences contained the motif SLQXLA 

and the serine residue at position 144, supporting the preservation of these motifs in Vif 

protein (59, 126). In addition, vif sequences preserved the basic amino acids (lysine and 

arginine) at positions 157 to 160 and 173 to 184 at the C-terminus (Fig. 3 A-E) required 

for membrane localization dependent Vif activity and HIV-1 replication (127). Our data 

also support the importance of these basic amino acids at C-terminus (127) during 

maternal-fetal transmission of HIV-1. These motifs were also preserved in vif sequences 

from HIV-1 infected individuals (67-69, 119) and are consistent with our results. The 

conservation or selection of the functional domains, such as cysteines, serine 

phosphorylation, and motifs of basic amino acids at the C-terminus, required for Vif 

function in mother-infant pairs' isolates suggests that a functional vif gene is required for 

HIV-1 replication in mother-infant pairs' isolates. 

We have also analyzed 72 vif sequences from four non-transmitting mothers and 

found that there was a high frequency of defective Vif open reading frames in non-

transmitting mothers' sequences compared to transmitting mothers' sequences. The 

degree of genetic variability was found to be lower in non-transmitting compared to 

transmitting mothers and their infants sequences. In addition, the selective pressiu-e on 

non-transmitting mothers' vif sequences, as calculated by the rations of nonsynonymous 

to synonymous substitutions, was very little and comparable to those seen for 

transmitting mothers' sequences. In contrast to the highly conserved flmctional domains 

of Vif seen in transmitting mothers' sequences, we found that two of the non-transmitting 
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mothers' sequences showed defects in their flmctional domains. The Vif sequences from 

non-transmitting mother 2 (NT-2) lacked initiation codons and contained several internal 

stop codons. Vif sequences from non-transmitting mother 1 (NT-1) showed substitution 

of histidine, in place of tyrosine residue at position 30, in one of the highly conserved 

motifs (SL(W)X4YX9Y) of Vif (59). In addition, Vif sequences from NT-3 and NT-4, 

although did not show any defects in the defined functional motifs, contained amino acid 

substitutions, including asparagine at position 22, lysine at position 77 and histidine at 

position 110 that are absent in our previously analyzed transmitting mothers' sequences 

(Fig. 3). These residues might have some significance in preventing transmission. 

However, the significance of the amino acid substitution at these positions in the Vif 

protein is not known but has been reported to be associated with long term non-

progressors (143-144). 

The results from our analysis of vif genes from transmitting and non-transmitting 

mothers provide evidence that Vif may be required during perinatal transmission. A 

recent study has indicated that lymphotropic viruses can enter the macrophage cells by 

fusion but the replication is restricted because of the block in integration either by the 

instability of nucleocapsid or inefficient reverse transcription (145-147). It has also been 

shown that Vif is required to overcome an endogenous inhibitor of HFV-l replication in 

the non-permissive cells (18, 148). Since Vif is required for stabilizing the viral 

nucleocapsid following entry into the host cell and mediates efficient reverse 

transcription of viral RNA genome, it can also be a major determinant for viral tropism 

(23). Our results which show that Vif is defective in some non-transmitting mothers but 
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functionally active in transmitting mother, suggesting an important role for Vif in HIV-l 

transmission and disease progression. 

4.2 Role of Vpr in mother to infant transmission of HlV-1 

We also provide evidence for maintenance of an intact vpr open reading frame 

with functional domains conserved following HIV-1 mother-to-infant transmission. The 

vpr sequences directly derived from uncultured PBMC DNA of six mother-infant pairs 

revealed a 92.17% frequency of conserved vpr open reading frames. The ftmctional 

domains required for vpr function, including virion incorporation (77, 132), predicted a-

helix formation (133), nuclear localization (77, 132), and cell cycle arrest/difTerentiation 

(77, 131-132) were highly conserved in most of the mother-infant pairs' vpr sequences. 

Our results also show a low degree of variability in vpr sequences following mother-to-

infant transmission. However, the epidemiologically linked mother-infant pairs' vpr 

sequences were easily distinguishable from epidemiologically unlinked individuals. 

Taken together, these findings suggest that there is a selection mechanism in vivo that 

maintains intact and functional vpr open reading frames (15), making vpr necessary for 

HIV-1 infection and replication in mothers and infants that are involved in perinatal 

transmission. 

The data presented here demonstrated that the coding potential of the vpr open reading 

frame was maintained in most of the sequences in 47,808 base pairs sequenced, except 

for 7 sequences containing stop codons, 5 lacking initiation codons and 1 having a 

deletion (Fig. 8). Our results are consistent with the earlier published limited analyses of 

vpr sequences from one infected patient (143), the C-terminus of vpr from several 
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infected patients (57), and some long-term progressors (92-93). In contrast, defective vpr 

genes clustering at the C-terminus have been shown in some long-term nonprogressors 

(90-91). The frequency of defective vpr genes in our six mother-infant pairs' sequences 

was 7.83% and was comparable to but lower than vif (10.2%) (130) and higher than 

those observed for gag (1.5%) (134) and nef (3.3%) (141) genes. Interestingly, each 

mother-infant pair vpr amino acid sequences displayed a pattern that was not seen in 

epidemiologically unlinked pairs, as also observed in the analyses of V3 region (41) and 

vif (130) sequences of the same mother-infant pairs. In addition, several amino acid 

motifs, beside the functional domains, were conserved in most of sequences at positions 

28, 55, 77, including an asparagine (N) at position 28 that is highly conserved in most of 

the macrophage-tropic but not in all lymphotropic clones and consensus clade B 

sequences (124). 

Phylogenetic analysis performed on the six mother-infant pairs' vpr clearly 

demonstrated that the six pairs were well discriminated, separated and confined within 

subtrees (Fig. 9), indicating absence of PCR product cross-contamination (117, 123). In 

addition, our six mother-infant pairs' vpr sequences formed distinct clusters and grouped 

with subtype B sequences when subjected to a phylogenetic analysis with 195 vpr 

sequences of several subtypes present in HIV databases (Fig. 10). These results are 

consistent with the phylogenetic analyses of other genes such as vif (130) and env (41, 

54). Our data also suggest that the low variability of vpr sequences was not due to errors 

made by TaKaRa polymerase but persistence in vivo and was in agreement with those 

reported for infected individuals (129) and for vif (130) and gag (134) genes. There was 
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no evidence for a positive selection pressure for change in vpr sequences by immune 

responses (114). In contrast, the env V3 region sequence from same mother-infant pairs' 

isolates showed a positive selection pressure for change (41), thus harboring variable 

sequence population containing several variants or genotypes (41, 51, 54). HFV-l vpr 

[as vif (130) or gag (134)] evolves with little selection pressure for change and the 

mothers' variants persist in infants. Evidence for this conclusion is provided by low 

variability and little selection pressure for change in mother-infant vpr sequences. 

There seems to be a selection for Vpr function in mother-infant vpr sequences and is 

consistent with a recent published report that suggested a selection of Vpr function in 

vivo (149). The functional domains required for Vpr function, including the two 

glutamic acids at positions 21 and 24, five leucines at 20, 22, 23 and 26, and an alanine at 

position 59 required for virion incorporation of Vpr (77, 132) were highly conserved, 

indicating that Vpr is required early in viral replication. The other functional domains 

such as HFRIG related to cytoskeleton function (131), glutamic acids at position 21 and 

24, leucines at 20, 22, 23, 26, 67 and 68 and alanine at 59 required for nuclear transport 

(133), and glutamic acids at 21 and 22, alanines at 30 and 59, leucines at 64 and 67, 

histidine at 71, glycine at 75 and cysteine at 76 (132) as well as arginines at 73 and 80 

(77) essential for cell cycle arrest were also conserved in most of the 166 vpr sequences 

(Fig. 8). Mutational analysis of Vpr has revealed that these amino acids at the positions 

described above are critical for Vpr function (77, 131-132). Our data on vpr sequences 

from six mother-infant pairs, the closest in vivo situation, is consistent with earlier 

reports on Vpr functional analysis performed in vitro (77, 132). These results suggest 
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that Vpr may be one of the viral determinants associated with maternal-fetal 

transmission. 

The vpr sequences analyzed from non-transmitting mothers harbored a lower level of 

genetic variability compared to transmitting mothers' sequences. In contrast to the highly 

conserved Vpr function seen in transmitting mothers and other HIV-l infected patients, 

Vpr deduced amino acid sequences from four non-transmitting mothers show changes in 

the ftinctional domains of Vpr that may alter its' function in vivo. The Vpr sequences 

from non-transmitting mother 2 (NT-2) lacked initiation codons and contained internal 

stop codons, suggesting that a functional Vpr along with Vif may not be present in this 

mother. In addition, the sequences from non-transmitting mother (NT-4) contain serine in 

place of an alanine at position 30 that is required for cell cycle arrest. (77, 132). Mutation 

of alanine to serine at position 30 has resulted in a loss of cell cycle arrest function of Vpr 

(132). Cell cycle arrest induced by Vpr results in maximization of virus production from 

HIV infected cells (149) and could be important in determining the viral load in an 

infected patient. Examination of NT-3 sequences show a deletion of a single amino acid 

at position 85 in the C-terminus. The C-terminal of Vpr is important in mediating cell 

cycle arrest in HIV-l infected cells (77, 132). The effect of this deletion on Vpr function 

needs to be investigated. Naturally occurring mutations in C-terminus of Vpr have been 

previously described but their role in HIV-l pathogenesis remains obscure (90-91). Wang 

et al (91) have shown a similar deletion in the vpr gene from a long term non-progressing 

mother and infant. In summary, a fiinctional Vpr may be required during perinatal 

transmission and establishing infection in the infants. 



124 

4.3 Role of Vpu in maternal-fetal transmission: We have analyzed 162 vpu 

sequences from six mother-infant pairs and shown a high degree of conservation of Vpu 

open reading frames and functional domains required for Vpu activity. The 

transmembrane domains of Vpu required for virus release showed little variability (100, 

150). Also the two alpha helices required for CD4 binding were conserved (100, 137, 

139). The serines at position 53 and 57 whose phosphorylation is required for CD4 

degradation (136, 138, 151) were conserved in all of our clones with intact open reading 

frames. Vpu sequences from mother infant pair C showed five additional amino acids in 

the region of second alpha helix. Effect of such addition on the structure and function of 

Vpu is not known. However, polymorphism in length of Vpu has been observed 

previously (40). The vpu sequences from six mother infant pairs analyzed show a higher 

genetic diversity than that seen for vif (130) and vpr (135) from the same mother-infant 

pairs. The ratios of non-synonymous to synonymous substitutions seen in vpu were 

higher than vif and vpr, suggesting that vpu sequences were under little selection pressure 

for change. Phylogenetic comparison of the sequences from the mother infant pairs 

showed that mother infant sequences group together in distinct subtrees as seen in vif 

(130) and vpr (135) sequences. Interestingly, in mother-infant pair G selective 

transmission of mothers' HFV-l variants lacking arginine at position 32 seemed to have 

been selectively transmitted to her infant. The arginine at this position was not present in 

any of our sequences from transmitting mothers and their infants, suggesting that arginine 

at this position may have inhibitory effects on transmission of HIV-1. One of the factors 

implicated in transmission of HIV-l from mothers to infants is the high viral load in 
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mothers, and the presence of intact Vpu in an infected mother can lead to efficient virus 

release and high levels of circulating virus (6). Our data on the analysis of vpu in mother-

infant pairs have seen a high degree of conservation of vpu open reading frames, 

suggesting that a functional Vpu may be required for transmission of HIV-l from 

mothers to infants. It will be interesting to analyze Vpu sequences from non-transmitting 

mothers considering that Vpu enhances virus production from HIV-l infected cells and 

high viral load had been associated with maternal transmission of the virus. 

Multiple factors, including host, immune and viral are believed to be involved in 

influencing the rate of matemal-fetal transmission. It would be unlikely to have a 

common universal factor involved in HIV-l transmission from mothers to their infants. 

The identification of viral factors or determinants involved in maternal transmission may 

provide insights towards the development of strategies for prevention and treatment. 

Since HIV-l vif, vpr and vpu functions are highly conserved in vivo and required for 

HIV-l replication in primary monocytes/macrophages (22, 79, 81-82), these proteins can 

be critical determinants of HIV-l tropism and replication in vivo. These proteins may 

have a role in transmission because macrophage-tropic isolates are believed to be 

involved in transmission (37, 58). The data presented here on high degree of functional 

conservation of Vif, Vpr and Vpu in transmitting mothers and their infants and a high 

frequency of defects in Vif and Vpr function in non-transmitting mothers support the 

notion that Vif, Vpr and Vpu are important for HIV-l pathogenesis in matemal-fetal 

isolates and may be one of the viral determinants of perinatal transmission. 
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4.4 Kinetics of HIV-1 replication in Cord and adult blood mononuclear cells: 

The majority of HIV-1 infected children acquire infection from the mother in utero or at 

birth and have clinical sequelae different from those observed in infected adults (3, 104-

107). Perinatal HIV-1 infection has often more rapid and fatal course than HIV-1 disease 

in adults (108-109). Most infants become symptomatic within the first month of life; 

however, a subset of infants remains asymptomatic for years (108-109). The basis of this 

difference between pediatric and adult AIDS is unknown. Different strains of HIV-1 

infect not only T lymphocytes but also monocytes and macrophages. Infection of 

monocyte/macrophages is important because macrophage tropic viruses are believed to 

be the transmitted viruses from mothers to their infants, and more over these cells are 

refractory to the cytopathic effects of HIV-1 and may serve as reservoir for the virus. 

Much of the information related to the pathogenesis of AIDS have been gained from the 

study of HIV-1 infection in adult monocyte and macrophages. The role of monocytes and 

MDM's in pathogenesis of HIV-1 infection in pediatric AIDS is not known. Several 

studies have reported that cord blood macrophages are more readily infectable with lab 

adapted isolate of HIV-1 (JR-FL, JR-CSF, Bal and Ada-M) than adult (140, 152). Their 

investigations did not report the behavior of primary isolates obtained from infected 

patients in cord blood monocytes and MDM's. In addition, it has not been determined 

whether primary cultures from human neonatal monocytes are susceptible to infections 

by virus isolates obtained from infected patients. The differences in the infection ability 

of neonatal monocytes/macrophages can contribute to differences in the pathogenesis of 
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AIDS in children and adults. Furthermore, these studies can also help explain the 

selective transmission of mothers to infants. 

We have investigated the replication of several primary HIV-1 isolates (Table 4) 

and lab adapted HIV-l strains in neonatal and adult monocytes and MDM's. Syngenic 

cord blood monocytes and MDM's were infected in vitro and we compared their 

infectability with monocytes and MDM's obtained from adult donors. This investigation 

showed that human neonatal monocyte/macrophages were more productively infectable 

with lab adapted macrophagetropic HIV-1 Bai than were adult monocyte and MDM's. 

HlV-lsai replicated few fold better in cord blood Day 1 monocytes and day 4 MDM's 

compared to the adults cells infected in parallel. In addition HlV-leai also replicates more 

efficiently in cord blood lymphocytes (Dayl) than adult cells. These results confirm the 

previous findings that neonatal monocytes and MDM's are highly susceptibe to HIV-1 

infection by lab adapted strains (140, 152). The lymphtorpic strain HIV-1NL4-3 also 

established more productive infection in neonatal lymphocytes (Day 1) compared to adult 

cells, but failed to infect both adult and neonatal monocytes and MDM's. Since we have 

shown that transmitted virus from infected mothers to infants is a macrophagetropic 

variant of the mother (37, 41), thus HIV-1 infection of neonatal monocytes and MDM's 

may be critical in the establishment of HIV-l infection in the infants. Further, our 

preliminary FACS analysis of neonatal and adult cells suggests that differences in 

infection of neonatal and adult monocytes are not dependent on the cell surface 

expression of HIV-l receptors CD4 and CCR5. Both the neonatal and adult monocytes 

and MDM's had comparable levels CD4, and CCR5 expression. It is likely that 
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differences in cellular factors of cord and adult monocyte and MDM's may play an 

important role in efficiency of HIV-1 infection. 

We also investigated the susceptibility of neonatal monocytes and MDM's to 

infection by primary isolates and found that day 1 neonatal monocytes were refractory to 

infection by all of our primary isolates. In contrast day 1 adult monocytes were 

susceptible to infection by few of our primary isolates (# 2759, 2099, and 2451). It was 

also surprising to note that none of the macrophagetropic isolates could establish 

productive infection in day 1 neonatal monocytes. It has been previously reported that 

permissiveness of monocytes from adult donors increases with maturation. Similar to 

these results obtained previously, we observed that adult MDM's became permissive to 

infection by several of our primary isolates, but were still refractory to infection by some 

primary macrophagetropic (isolate U 3026 andl742) and lymphotropic isolates (1746 and 

2758). However, cord blood MDM's were infectable by fewer number of primary 

isolates and were not infectable by some macrophagetropic (3026, 2756, 1742) and 

lymphotorpic isolates (1746 and 2758). In addition infection of cord blood MDM's by 

isolates 2101 and 1650 was variable and depended on the donor cells. Also surprisingly 

primary isolates infecting adult MDM's established more productuve infection compared 

to the infected neonatal MDM's. We thus found that the cord blood similar to adult blood 

monocytes show increased permissiveness to infection by primary isolates on maturation. 

Further this was confirmed by increased susceptibility seen in day 7 neonatal MDM's to 

infection by HIV-l primary isolates compared to day 4 neonatal MDM's. The inability of 

primary isolates to infect neonatal monocytes is surprising as adult monocytes were 
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permissive to some of the primary isolates. These initial results suggest that there are 

significant differences between neonatal and adult blood monocytes with respect to 

susceptibility and replication which can be important factors in determining the perinatal 

transmission and disease progression in infants. 

We and others (153) have shown that neonatal and adult monocytes and 

macrophages express both major HIV-1 co-receptors CXCR4 and CCR5. However, 

surprisingly these cells are refractory to infection by lab adapted lymphotorpic strain 

HIV-1NL4-3 and several primary lymphotropic and macrophagetropic isolates. It is likely 

that these isolates are able to infect monocytes and macrophages but are unable to 

replicate inside these cells. Recent work done to study the post penetration events of viral 

replication suggest that lymphotropic lab adapted strains can efficiently enter 

macropahges but fail to integrate their genome into the host cell DNA (145, 147). Thus, 

suggesting that early events of viral replication like proper uncoating of the virus, 

stability of the viral nucleocapsid, efficiency of reverse transcription and transport of 

preintegration complex into nucleus can also determine the tropism of the virus. This is 

further supported by the finding that expression CD4, CXCR4 and CCR5 on 

hematopoietic stem cells was not sufficient to establish a productive infection in these 

cells. It is likely that determinants other than env may determine the tropism of the virus. 

HIV-l accessory gene products Vif and Vpr help in these early events of viral replication. 

It is possible that presence of Vif in virions may increase nucleocapsid stability or 

efficiency of reverse transcription upon infection. Furthermore, the molecular 
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determinants present in Vpr may determine the efficiency of transport of preintegration 

complex into nucleus, thus affecting the tropism of the virus. 

The molecular mechanisms of maternal transmission of HIV-1 are not known. The 

demonstration of selective transmission of HIV-1 minor genotypes or variants from mothers 

to infants were a significant first step in understanding the molecular mechanisms involved in 

perinatal transmission of HIV-1 (41, 51-54). In addition, the elucidation of viral factors or 

determinants influencing maternal transmission may provide useful information in the 

development of strategies of prevention and treatment of HIV-1 infection in children. Since 

the vif and vpr genes are conserved among most of our transmitting mothers and their infant 

sequences, and the defects seen in these genes of non-transmitting mothers suggests that 

inhibition of their function can reduce perinatal transmission. This information may be 

helpful in the development of strategies for prevention of HIV-1 maternal-fetal transmission 

by means of perinatal interventions targeting functions of these accessory proteins. 
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