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ABSTRACT 

HIV-1 vertical transmission is the predominant cause of AIDS in children. In 

addition, HIV-1 infected infants have a higher viral load and progress to AIDS more 

rapidly than infected adults. However, the molecular mechanisms of HIV-1 vertical 

transmission and pathogenesis are not known. Work performed in this laboratory has 

shown transmission of minor genotypes with R5 phenotypes, more heterogeneity 

associated with transmission and a higher replication and gene expression of HIV-1 in 

neonatal than adult cells.  In this dissertation, I have made advancements by 

characterizing the HIV-1 gag nucleocapsid gene, that plays a pivotal role in HIV-1 

lifecycle, from six mother-infant pairs and found that there was a low degree of viral 

heterogeneity and a high conservation of functional domains for biological activity and 

CTL response. With respect to differential mechanisms of HIV-1 infection in neonatal vs. 

adults cells, 468 HIV-1 integration sites were characterized in the T-lymphocytes and 

monocyte-derived-macrophages from 5 donors of infant and adult blood. Several 

functional classes of genes were identified by gene ontology to be over represented, 

including genes for cellular components, maintenance of intracellular environment, 

enzyme regulation, cellular metabolism, catalytic activity and cation transport.  

Numerous potential transcription factors binding sites at the site of integration were 

identified.  Furthermore, the genes at integration site, transcription factors potentially 

binding upstream of HIV-1 promoter and factors that assist HIV-1 integration were found 

to be expressed at higher levels in cord than adult cells. These results may help explain a 

higher HIV-1 gene expression and replication in cord compared with adult cells. Finally, 
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I have also made progress in the development of new and novel antivirals by showing 

that CD4-mimetic miniproteins significantly inhibited HIV-1 entry and replication in T-

cell lines and primary blood mononuclear cells.  In addition, several compounds from the 

crude extracts of endophytic fungi found in desert plants were able to inhibit HIV-1 

replication in T-cell lines.  Taken together, the results from this dissertation provide new 

insights into understanding the mechanisms of HIV-1 vertical transmission and HIV-1 

gene expression and replication in infants, as well as provide new possibilities for anti-

retroviral drug development. 
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1. INTRODUCTION 

In 1981 physicians in both New York and San Francisco began noticing an 

increasing number of homosexual males dying from infections caused by pathogens 

which should be eliminated by a healthy immune system.  Upon evaluation by the 

Centers for Disease Control, this phenomenon was termed ‘acquired immune deficiency 

syndrome’ or AIDS.  The defining features of this disease included a drastic decrease in 

the numbers of CD4+ T-cells in the bloodstream and the onset of opportunistic infections 

and tumors (1).  Research on this new disease was begun, and in 1983 a virus was 

isolated and characterized in both the United States and Europe as the causative agent of 

AIDS.  This new virus was defined as a retrovirus, belonging to the lentivirus group, and 

was henceforth called ‘human immunodeficiency virus type 1’ (HIV-1) (19, 146).   

 Since its discovery HIV-1 has been one of the most extensively studied viruses, 

and while this research has been able to vastly characterize the virus and its lifecycle, the 

key to eliminating this virus has remained elusive.  The viruses’ ability to rapidly mutate 

and evolve under pressure has defeated any and all attempts to stop it.  As a result HIV-1 

has spread to every continent in the world and infected men, women and children alike.  

To date over 20 million people have died from complications due to HIV and AIDS, and 

another 40 million are infected (185).  Research on transmission of HIV-1 has discovered 

that the virus can be transmitted not only to homosexual males, but to heterosexual men 

and women as well by infected blood and bodily fluids.  Transmission has also been 

found to occur from mother to child at every stage of pregnancy.  This transmission 
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results in approximately 15,000 newly infected individuals everyday, leading to 3 million 

AIDS-related deaths per year (185).  

 While HIV-1 infects all people regardless of where they live or their social status, 

certain areas of the world are affected to a greater extent than others.  Lesser developed 

countries, such as those in sub-saharan Africa, account for approximately two-thirds of 

all infected people (185).  Many factors compound the problem in this area of the world, 

such as specific social and sexual beliefs, the lack of government aid, inadequate 

education and the unavailability of anti-retroviral drugs.  In other more developed areas 

of the world, such as North America, the problems associated with these factors are 

alleviated, however HIV-1 remains in this population as well.  Roughly 1.5 million 

individuals are living with HIV-1 in North America, and 43,000 more people are infected 

every year (185). 

 Although HIV-1 has been able to spread throughout the world, the virus has not 

gone unchallenged.  Since it’s discovery, the search for and development of new anti-

retroviral drugs has been underway.  A majority of these drugs target the function of the 

viral enzymes, and have been proven to be quite effective in a laboratory setting.  The 

combination of these drugs in a treatment termed ‘highly active anti-retroviral therapy’ or 

HAART has been shown to have a pronounced affect on viral replication within infected 

patients (7, 77).  These drugs are not without downsides however.  Treatment with these 

drugs can lead to several very unpleasant side effects (28).  In addition, the virus can 

mutate and evolve very rapidly leading to the production of drug-resistant strains of the 

virus.  To compound the problem even further, these drugs are expensive, especially 
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when used in combination, and are not available to everyone.  These drawbacks highlight 

the need for development of new anti-retroviral drugs and treatment strategies which can 

be readily available to everyone.  If efforts in these areas prove unsuccessful, the HIV-1 

epidemic will continue to spread and claim the lives of countless others. 

 While HIV-1 is a heavily studied virus, many aspects of its pathogenesis are still 

unclear.  In spite of the billions of dollars that have been spent on research, aspects of the 

detailed mechanisms of viral transmission and immune evasion still need to be 

uncovered.  For these reasons it is critical that research continues and that we learn more 

about this virus which has been one step ahead at every turn.  Only through research can 

we hope to identify yet undiscovered critical aspects of the viral lifecycle, and 

interactions of the virus and the host, which can prove critical in eliminating this evasive 

virus. 

1.1 HIV-1 Biology 

1.1.1 Virion Structure: 

HIV-1 is a lentivirus of the retroviridae family. At the core of an HIV-1 virion 

reside two copies of the positive sense, single-stranded RNA genome of the virus.  These 

copies of RNA are held together near the 5’ end via base paring, and are modified with an 

inverted 7-methyl guanosine cap at the 5’end and a poly-A tail of approximately 200 

bases at the 3’ end.  Associated with the genome is a specific tRNAlys from the host cell.  

This tRNAlys is bound to the genome at a region near the 5’ end called the primer binding 

site (PBS).  Also within the viral core is the nucleocapsid protein (NC), which coats the 

viral genome, as well as the viral enzymes protease, reverse transcriptase, and integrase.  
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The viral core is surrounded by the virally encoded capsid protein (p24), with the viral 

matrix protein (p17) surrounding the capsid and providing an intermediary between the 

capsid and the lipid bilayer membrane of the envelope of the virus.  This lipid bilayer 

envelope is derived from the host cell membrane as the newly forming HIV-1 virions bud 

from the cell surface plasma membrane.  The viral glycoprotein gp41 (transmembrane, 

TM) extends from the bilayer membrane, while viral gp120 (surface protein, SU) 

interacts with the extracellular portion of gp41 and serves as the receptor binding protein 

of the virus.     

 

 

 

 

 

 

 

 

 

 

Figure 1. Structure of HIV-1 virion 

1.1.2 Genomic Organization: 

HIV-1, like other retroviruses, contains three structural genes called gag, pol, and 

env in addition to two regulatory (tat and rev) and four accessory (vif, vpr, vpu and nef) 
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genes (63). The gag gene encodes for the viral matrix (MA), capsid (CA), nucleocapsid 

(NC), and p6 genes and is initially expressed as a polyprotein Pr55Gag, which is later 

cleaved.  The matrix serves as an intermediary between the lipid bilayer envelope and the 

capsid, which forms the virion core structure.  The nucleocapsid acts as a 

ribonucleoprotein and associates with the viral genome, while p6 ensures proper virion 

budding.  Within the pol gene, the protease (PR), reverse transcriptase (RT) and integrase 

(IN) enzymes are encoded as a Gag-Pol polyprotein.  Protease is responsible for cleavage 

of viral Pr55Gag and Gag-Pol  polyproteins, while RT converts the single stranded RNA 

viral genome into double stranded DNA in a process called reverse transcription, and 

integrase facilitates the insertion of the viral double stranded DNA genome into the host 

chromosome (63).   

The Envelope glycoproteins (gp120 and gp41) are encoded by the env gene as a 

precursor gp160  polyprotein that is cleaved to gp120 and gp41 by host proteases (63). 

The regulatory proteins Tat and Rev are encoded by tat and rev and the accessory 

proteins Vif, Vpr, Vpu and Nef by their respective genes.  The glycoprotein gp120 is 

responsible for binding to the receptor (CD4) and the coreceptor (CXCR4 or CCR5) on 

the host cell surface, and transmembrane gp41 facilitates fusion of the viral to the host 

cell membranes (63). Tat is a transcriptional transactivator which upregulates viral 

transcription through interaction with TAR in the viral LTR.  Rev facilitates transport of 

singly and unspliced viral mRNAs from the nucleus to the cytoplasm via interaction with 

the rev responsive element (RRE) located at the junction of the gp120 and gp41 genes.  

The accessory proteins are involved in mediating viral infectivity (Vif), nuclear import of 
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the pre-integration complex (Vpr), enhancing progeny virion release from the host cell 

(Vpu), and downregulation of immune surveillance molecules on the host cell surface 

(Nef) (63).   

The viral promoter, termed long terminal repeat (LTR), is located at the 5’ end of 

the viral genome and consists of three regions: U3, R, and U5.  These regions contain 

transcriptional control elements, and interact with the viral protein Tat and several host 

transcription factors (63). In a complete viral genome the LTR is duplicated at the 3’ end 

also.  A noncoding region of the viral genome termed the primer binding site (PBS) is 

located downstream of the 5’ LTR and interacts with a specific tRNAlys from the host cell 

to initially prime reverse transcription.  Upstream of the 3’ LTR is a noncoding region 

called the polypurine tract (PPT) that is comprised of a run of purines.  This PPT is 

responsible for priming complementary DNA strand synthesis during reverse 

transcription.            

 

 

 

 

 

 

 

Figure 2. Organization of the HIV-1 genome 

 



 26 

 

1.1.3 Lifecycle and replication: 

Seven main steps comprise the HIV-1 lifecycle: adsorption/entry, reverse 

transcription, integration, transcription, translation, assembly, and release.  Adsorption 

takes place when the viral surface glycoprotein, gp120, binds to the receptor CD4 on the 

target cell surface.  Many cell types display CD4, including T-lymphocytes, 

monocytes/macrophages, dendritic cells, langerhans cells, and glial cells.  This binding of 

gp120 and CD4 is essential, however not sufficient to facilitate viral entry.  HIV-1 

requires binding of a coreceptor, either the chemokine receptor CXCR4 or CCR5, by 

gp120 as well (63).  CXCR4 is predominantly expressed on T-lymphocytes and CCR5 

predominantly on macrophages, however both cell types do express lower levels of the 

alternate coreceptor.  The interaction of gp120 with both receptor and coreceptor brings 

the virus into close contact with the target cell surface so that the other viral glycoprotein, 

gp41, can insert itself into the host cell membrane. The viral envelope and plasma 

membrane of the host cell then fuse via the action of gp41 (63).  Once the virus has fused 

with host cell, the viral core is released into the cytoplasm.  Here the core partially 

uncoats, and the viral genome is exposed.  The viral nucleocapsid (NC) protein facilitates 

proper annealing of the tRNALys primer to the PBS to initiate reverse transcription.  

Reverse transcription is carried out by the viral reverse transcriptase enzyme (RT), which 

serves as an RNA-dependant DNA polymerase, a DNA-dependant DNA polymerase and 

has RNase H functions.  RT uses the bound tRNA primer to initiate copying of one strand 

of the positive sense RNA genome into cDNA.  As the RNA-DNA hybrids are formed, 
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the RNase H domain of RT digests the RNA strands from the hybrids.  The polypurine 

tract (PPT) in the viral RNA is resistant to this digestion and acts as a primer for the 

second strand of DNA synthesis.  Reverse transcription is complete when the single 

stranded RNA genome is converted into double stranded DNA.  Due to the error prone 

nature of the RT enzyme, a large number of mutations are induced during this process 

(63).   

Once reverse transcription is complete, the genome circularizes and associates 

with several viral (NC, Vpr, integrase and p17 matrix) and host proteins to form the pre-

integration complex (PIC).  The PIC then migrates to and enters the nucleus.  Transport 

of the PIC can only occur into an interphase nucleus of a cell arrested at the G1 stage of 

the cell cycle.  Once inside the nucleus, the viral DNA as well as the host chromosome is 

nicked by the viral enzyme integrase.  The integrase enzyme facilitates the insertion of 

the viral DNA into the host chromosome as well, in conjunction with several host factors.  

HIV-1 integration is not host sequence specific, yet favors insertion of the viral DNA 

within transciptionally active genes.  At this point the host cell is permanently infected.   

Transcription of the viral genes begins with the aid of host transcription factors 

such as NF-κB and SP-1 (63).  Initial viral transcription is dependent wholly on host 

transcription machinery, and the levels of these factors within host cells may affect the 

efficiency with which viral transcription begins.  Several species of viral mRNA are 

produced.  The first mRNA to be transcibed during an HIV-1 infection are multiply 

spliced and encode the viral Tat, Rev and Nef proteins (63).  These multiply spliced 

mRNAs migrate out of the nucleus, where they are translated.  Following translation, Tat 
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returns to the nucleus to upregulate viral transcription.  Singly and unspliced viral 

mRNAs are produced which encode the viral structural proteins.  These larger mRNAs 

are transported out of the nucleus in a Rev mediated manner through its interaction with 

the rev responsive element (RRE) located within these mRNAs (63).  Several mRNAs 

encode polyproteins including Env gp160, Gag p55 and Gag-Pol.  Env gp160 is 

translated and cleaved by cellular proteases to yield gp120 and gp41, which then migrate 

to the host cell surface.  The Gag p55 and Gag-Pol polyproteins in association with newly 

produced full length viral genomic RNA migrate near the plasma membrane where they 

interact with the cytoplasmic tail of gp41.  This gives rise to an electron dense ‘bud’ at 

the surface of the host cell, which is then released.  During or shortly after viral budding, 

the viral enzyme protease processes the Gag and Gag-Pol polyproteins present within the 

newly formed virion, which results in a fully infective, mature virus (63).    
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Figure 3. Replication cycle of HIV-1 

 

1.2  HIV-1 Infection 

1.2.1 Modes of Transmission: 

 HIV-1 is transmitted either horizontally or vertically.  Horizontal transmission 

includes infections acquired through sexual intercourse, transfer of blood or blood 

derived products and the use of contaminated needles.  Vertical transmission is the 

transmission of the virus from mother to child.  Regardless of the route of transmission, 

the course of an HIV-1 infection is similar.  Approximately three to six weeks post 

infection, a rapid production of virus and a high viral load (viremia) is seen within 
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patients .  This high viremia is accompanied by flu-like symptoms of fever, body aches 

and night sweats, which is called acute retroviral syndrome (ARS), or in some cases 

patients are asymptomatic (91).  The symptoms associated with ARS disappear relatively 

quickly, which corresponds to the immune response that is generated against the viral 

infection.  Cytotoxic T-cells and the production of neutralizing antibodies is able to 

greatly reduce the viral load, eventually reaching a “set point” in which there is a low but 

constant production of virus.  This set point corresponds to a long period of clinical 

latency, which in most patients lasts for eight to ten years (157).  Eventually, through 

mutation and depletion of a patient’s T-cell population, the immune system is no longer 

able to contain the virus and an increase in viral production is seen.  This increase in viral 

production leads to an even further decline of a patient’s CD4+ T-cell population (157).  

A patient is considered to have acquired immune deficiency syndrome (AIDS) when their 

CD4 T-cell counts drop below 200 cells/mm3. This reduction in CD4 T-cells impairs the 

immune system’s ability to fight off opportunistic infections from bacteria, fungi and 

other pathogens (157).  Eventually all individuals infected with HIV-1 will die as a result 

of these secondary infections.       
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Figure 4. Disease progression during an HIV-1 infection 

 

1.2.2 Vertical transmission: 

Mother-to-infant (vertical) transmission of HIV-1 occurs at a rate of 30%, and 

accounts for 90% of infections in children worldwide (5).  The rate of vertical 

transmission has been reduced in more developed countries, such as the United States, 

through the use of antiretroviral drugs given during pregnancy (9), however these drugs 

are not available in all parts of the world.  In 2006 an estimated 17.7 million women were 

living with an HIV-1 infection, most of whom are in lesser developed regions such as 

sub-saharan Africa (185).  Roughly 50% of these women were between the ages of 18-

24, prime child bearing ages for women.  The result was over half a million children were 

infected with HIV-1 in 2006, bringing the total population of infected children to 2.3 

million (185).  Approximately 400,000 children under the age of 15 died of 
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complications due to HIV-1 and AIDS in 2006 (185), highlighting the importance of 

understanding this mode of transmission. 

1.2.2.1 Timing of vertical transmission: 

 HIV-1 can be transmitted from mother to infant during three stages of pregnancy: 

pre-partum (in-utero), intra-partum (during birth), and post-partum (during breast 

feeding) (21, 122, 213).  Furthermore, transmission depends on the symptoms of disease 

and frequency of delivery, with an estimated 24% of transmissions involving symptom 

free women and 65% occurring with symptomatic mothers or mothers who have 

previously had a child with AIDS (9).  In pre-partum infections, the fetus can contract the 

virus in several ways.  Disruption of the placental membrane as a result of viral, bacterial 

or fungal infections can expose the fetus to the virus (14).  HIV-1 has also been shown to 

cross the placental barrier (161).  In addition, infected lymphocytes and macrophages can 

also pass through the placenta and transmit the virus (59).  During intra-partum 

infections, the infant’s skin and mucus membranes are exposed to the mothers infected 

blood and vaginal secretions during delivery.  It is estimated that over one-half of all 

vertical transmission events occur in this manner.  Studies have shown that vaginal 

deliveries and extended labor may increase the risk of intra-partum transmission (176).  

In addition, delivery by elective caesarean section has been shown to reduce the rate of 

transmission if performed before the onset on labor (4).  Post-partum infections occur as 

a result of prolonged exposure of the newborn to virus which is present in the breast milk 

of the mother.  Infection occurs through the gastro-intestinal mucosa as the infant feeds 

(3).  In developed countries, such as the United States and Europe, the risk of post-partum 
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exposure through breast milk has been reduced through the use of readily available 

formula as a replacement (53).  However in lesser developed nations, this is still a 

concern because formula is not available and no feasible alternatives exist to feed infants 

other than breast feeding (53). 

1.2.2.2 Factors associated with vertical transmission: 

 Several factors are known to influence vertical transmission.  However a complete 

picture of the factors which determine transmission is unclear, as approximately 70% of 

infants born to HIV-1 infected mothers do not become infected themselves.  Of the 

factors that are known to influence vertical transmission, most deal with the health of the 

mother and the integrity of the placenta.  Studies have shown that asymptomatic mothers 

transmit the virus approximately 25% of the time, while transmission drastically 

increases with mothers who are symptomatic or have progressed to AIDS (9).  In 

addition, high viral load and low CD4 counts have been associated with vertical 

transmission of the virus (26).  Several risk factors center around the placenta while the 

child is in utero.  Viral, fungal or bacterial infections during pregnancy can increase the 

risk of transmission by leading to inflammation or rupture of the placenta.  Exposure of 

the infant to the mothers infected blood and vaginal secretions, should the placenta 

rupture, may also lead to transmission (74).  Ingestion of or exposure to infected amniotic 

fluid can lead to exposure of the infant to HIV-1 (134, 191).  The decision to breast feed 

the infant also increases the risk of transmission.  Several of these risk factors can be 

circumvented through elective caesarian section and formula feeding; however these 

options are not available to many mothers in areas with poor healthcare.   
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1.2.3 Viral diversity: 

 The hallmark of an HIV-1 infection is the large degree of viral mutation that 

begins immediately after primary infection.  This mutation is produced by the error prone 

reverse transcriptase enzyme during viral replication.  Errors during replication occur at a 

rate of 1-5 x 10-4 errors per round of replication (116) and this, along with the fact that 

approximately 1010 new virions are produced each day (141), leads to a remarkable 

amount of viral genetic diversity.  Every new virion produced, however, is not replication 

competent, as many mutations produced are nonsense or missense mutations.  These 

defective variants fail to replicate and are cleared by the immune system during every 

round of replication (63).  In addition, if mutations do not occur in epitopes that are 

recognized by the immune system, these viruses can be cleared as well.  Many mutations 

have been shown to occur in these epitopes however, which can lead to immune evasion 

by the virus.  In evolutionary terms these viruses are more ‘fit’, and therefore are able to 

replicate more efficiently within the host compared to other ‘unfit’ viruses (60).  This 

results in each HIV-1 infected individual harboring a mixture of genetically similar, but 

non-identical, viral genomes, known as quasispecies (36, 64).   

 Several studies have been performed to evaluate the evolution of quasispecies 

within an HIV-1 infected individual.  It has been found by several groups that viruses 

which are macrophage-tropic, and use the CCR5 coreceptor, are usually involved in 

transmission (45, 60, 212), and these viruses are associated with a low degree of genetic 

diversity.  These viruses replicate at the site of infection, and diversity among the viral 

population increases.  Eventually the virus begins to spread away from the site of initial 
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infection, and viral quasispecies which can evade the immune system constitute a large 

portion of the overall viral population.  It was first believed that there was an inverse 

relationship between the heterogeneity of the spreading viral species and disease 

progression (42, 43, 110, 112).  A more recent study, however, has presented 

contradicting results, with rapid disease progression associated with increased viral 

diversity (127).  While conclusions on this subject vary, it is accepted that macrophage 

tropic viruses are usually involved in transmission and that as the infection progresses, 

continuous evolution results in the emergence of lymphotropic viruses which use the 

CXCR4 coreceptor.  The appearance of these lymphotropic viruses has been associated 

with a decline in the rate of viral diversification (67), a higher rate of CD4 T-cell decline 

and a more rapid progression to AIDS (207). 

1.2.4 Molecular and biological characterization of HIV-1 associated with vertical 

transmission: 

Several studies have lead to the characterization of HIV-1 that was involved in 

vertical transmission.  While much information has been gathered, the exact molecular 

mechanisms of HIV-1 vertical transmission are still unclear.  It has been shown by 

several studies and our studies that the minor HIV-1 genotypes from a diverse maternal 

population are transmitted from mother to infant (55, 183).  These viruses were also 

shown in our study to be maintained within the infant with the same properties (10).  In 

addition, our study has been determined that viruses with the macrophage-tropic (R5) 

phenotype, which uses CCR5 as a coreceptor, are involved in transmission (45). Similar 

trends of selective transmission of HIV-1 have also been observed when studying adult 
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transmission, including sexual transmission of HIV-1 (139, 212).  It is also possible that 

under pressure from the immune system, HIV-1 variants that are resistant to 

neutralization are transmitted (195).  The high degree of genetic diversity observed in an 

HIV-1 infection is generated via the error prone replication of the viral genome by the 

viral reverse transcriptase enzyme (RT).  This accumulation of mutations induced by RT 

leads to the generation of divergent genotypes, or quasispecies, in both infected infants 

and adults.  In contrast, the virus population in newly infected individuals is typically 

homogenous in the env gene and has a macrophage tropic phenotype (60, 125).  These 

findings were observed even when a lymphotropic variant was predominantly present in 

the transmitter (197).  Furthermore less sequence complexity has been noted in the V3 

region of gp120 shortly after sexual and vertical transmission than in the gag p17, env 

gp41 or nef gene regions, possibly due to selective pressures on these regions during 

transmission (39, 211).   

 In addition to the studies mentioned above, work in our laboratory has focused on 

characterizing regions of the viral genome from isolated DNA of infected mother-infant 

pairs who were involved in vertical transmission and from mothers who failed to transmit 

the virus to their infant.  Molecular characterization of several genes, including the 

structural genes env (10, 121), gag, pol RT and env (10, 69), the regulatory genes tat and 

rev (83, 151) and accessory genes vif, vpr, vpu and nef (70, 203-205), has been 

performed.  Analysis of these genes from the mother-infant pairs revealed a low degree 

of sequence variability and a high conservation of functional motifs in gag p17(69), env 

V3 (10), env gp41 (152), tat (83), rev (151), vif (204), vpr (203) and nef (70).  
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Phylogeneitc analysis of these genes showed clustering epidemiologically linked 

sequences, suggesting that they are closer to each other evolutionarily than 

epidemiologically unlinked sequences.  Several patient and pair specific motifs were 

found within the mother-infant pairs, as well motifs found in every sequence analyzed.  

These universal motifs could represent viral sequences that predispose to vertical 

transmission of the virus and could be targets for future preventative studies.  In contrast 

to the results from the mother-infant pairs, analysis of the gag p17 (68), env (120), vif 

and vpr genes (202) from non-transmitting mothers showed limited viral heterogeneity 

and a low conservation of functional motifs.  These studies have provided valuable 

information which aids in the understanding of the molecular mechanisms of HIV-1 

vertical transmission. 

The exact molecular mechanisms of vertical transmission are not well understood, 

however we and others have shown that the minor HIV-1 genotypes are transmitted from 

mother to infant (10, 198).  Analysis of several HIV-1 accessory and regulatory genes, 

including vif, vpr, vpu, nef, tat and rev has revealed conservation of functional domains 

of these genes during vertical transmission (70, 83, 202-205).  In addition, transmitting 

mothers’ vif and vpr sequences were more heterogeneous and the functional domain more 

conserved than non-transmitting mothers’ sequences (202).  However, other HIV-1 genes 

may also play a crucial role in virus transmission and pathogenesis. 

1.2.4.1 HIV-1 gag nucleocapsid gene: 

One such gene product, the gag nucleocapsid (NC) plays a pivotal role in the viral 

lifecycle, including encapsulating the viral genome, aiding in the reverse transcription 
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process, protecting the viral genome from nuclease digestion and packaging two copies 

of the viral genome into progeny virions (56, 57, 72, 98, 145, 214).   The NC gene 

product, also termed p7, is translated as a Pr55 Gag precursor and when cleaved is 55 

amino acids long.  It contains one major functional domain, consisting of two zinc finger 

like motifs. These motifs allow the NC to bind the packaging signal, or Ψ site, on viral 

RNA, as well as coat the viral genome (16, 145, 155).  They contain the sequence C-X2-

C-X4-H-X4-C with the critical residues consisting of three cystines and one histidine (72).  

When these critical zinc binding amino acids are mutated to non-zinc binding residues, it 

results in virions that are defective in RNA packaging and replication (57, 124, 145).  

Several basic amino acid residues throughout the NC gene product are also associated 

with RNA binding, and aid in NC function (57, 145).  These basic residues are 

responsible for interaction with the side chains of the viral nucleic acids.  NC plays 

several roles during the reverse transcription step of the HIV-1 lifecycle.  It is responsible 

for ensuring proper annealing of the tRNALys primer to the primer binding site to initiate 

reverse transcription, and also aids in strand transfer so that reverse transcription can 

continue (56, 57, 72, 73, 103).  During and after reverse transcription, it has been shown 

that NC binds to the newly generated viral DNA and protects it from cellular nucleases 

until it can integrate into the host cell genome (56, 113).  Due to the importance of this 

gene any alterations to the NC may affect transmission and pathogenesis of the virus.    
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Figure 5. Schematic representation of HIV-

1 NC (colored) interacting with RNA 

template (white).  The basic residues (green) 

and zinc fingers (red and orange) which 

interact with nucleotides on the RNA (G9, 

G10, A11 and G12) are highlighted. 

 

 

 

 

Another example of a crucial gene product is p6, which plays an integral role in 

successful viral budding from the plasma membrane and inclusion of the accessory 

protein Vpr within newly budding virions (17, 62, 97, 171, 188, 209).  The p6 gene 

product is also initially translated as a Pr55 Gag precursor and is 52aa long when cleaved 

by the viral protease.   The p6 protein contains a viral late (L) domain with the sequence 

PTAPP, which is necessary for viral budding (65, 81).  It has been shown that the late 

domain interacts with the host cell factor Tsg101 which is involved in regulating 

intracellular trafficking (44, 61, 62, 188).  The late domain has also been shown to be 

crucial for detachment of virions from the host cell surface.   Defects and mutations in the 

late domain can result in chains of immature virions that cannot release from the host cell 
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surface (44, 62).  The p6 gene product also contains a region with the sequence 

DKELYPLASLRSLFG that is responsible for interacting with the host cell factor AIP1 

(119, 171, 193).  AIP1 has been shown to interact with Tsg101 and host factor ESCRT-

III to function in a late-acting endosomal sorting complex that is essential for viral 

budding (119, 171, 172, 193).  There are two domains that could possibly be required for 

inclusion of Vpr, either the FRFG domain (209) or the (LXX)4 domain  (17, 86, 97, 111).  

Defects within the Vpr binding domains could result in virions that lack Vpr.  This would 

affect the ability of the virus, upon infection, to replicate in nondividing cells such as 

macrophages, and would affect the ability of the viral DNA to localize to the host cell 

nucleus for integration.  The p6 gene product is also critical in the viral lifecycle, and 

therefore any changes within it may effect the transmission and pathogenesis of the virus.       

1.2.5 Adult infections: 

 A typical infection with HIV-1 progresses through several stages.  Initially the 

primary infection occurs, followed by a large production of virus and viremia.  This large 

amount of virus is suppressed by the immune response, and a viral ‘set point’ is 

established (157).  This viral ‘set point’ is maintained until the virus eventually 

overcomes the immune system.  Once this occurs there is a progression to clinical AIDS 

followed by opportunistic infections and death (157).  While the course of an HIV-1 

infection is very similar for all infected people, the progression through the various stages 

differs between individuals.  People that have been infected with HIV-1 are placed into 

four categories based on their disease progression: rapid progressors, slow progressors, 

long-term nonprogressors, and long-term survivors.  Rapid progressors develop AIDS 



 41 

typically within 2 years following primary infection and constitute roughly 20% of 

infected people (140).  A majority of infected individuals (approximately 80%) are slow 

progressors and progress to AIDS in eight to ten years (140).  In contrast, long-term 

nonprogressors do not show any signs of clinical HIV-1 disease for a period of over 15 

years (140).  Finally, long-term survivors develop AIDS in the same time span as a slow 

progressor, however their clinical and laboratory parameters remain stable for an 

extended period of time after disease progression has taken place.  Together, long-term 

nonprogressors and long-term survivors are seen in roughly 5-10% of infected 

individuals (140). 

1.2.6 Pediatric infections: 

 Infants born to mothers infected with HIV-1 are at risk of acquiring the infection 

themselves and subsequently developing AIDS (162).  HIV-1 vertical transmission 

accounts for approximately 90% of all infections in children (9), leading to an estimated 

600,000 new pediatric infections per year, of which some 1500 per day occur in sub-

Saharan Africa.  While these numbers are staggering, rates of vertical HIV-1 transmission 

in developed nations have dropped significantly with the widespread use of zidovudine, a 

nucleoside analog that inhibits the viral reverse transcriptase enzyme, during and after 

pregnancy (37).  Interventions such as elective Caesarean section and antiretroviral 

therapy given late in gestation have also been shown to decrease vertical transmission (2, 

194).  

 A vertically acquired HIV-1 infection generally follows a more rapid course than 

infection in adults (9).  While the clinical course of pediatric HIV-1 infections is highly 
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variable, the majority of infected infants experience rapid progression to disease (6).  

Nearly all vertically infected children develop some degree of symptomatic AIDS by 18 

months to two years of age (182), while persistent infection can last anywhere from eight 

to ten years in infected adults.  Neonates are likely to test positive for HIV-1 either at 

birth or within the first four weeks of life, and develop symptomatic AIDS by two to 

three years of age (123).  During this period, the viral load in neonates rapidly rises and 

reaches levels comparable to the highest levels seen in adults (75).  Copy numbers 

stabilize around 7x105 per ml by two months of age and stay constant for 9 to 12 months 

(6).  This is in contrast to adults, where after the initial peak, viral loads significantly 

decrease over a 2 to 12 month period (93).  During clinical latency within adults, the 

gradual decline of CD4 T-cell count could be due to exhaustion of permissive host cells 

leading to an increase in viral load and decreased clearance of progeny virions (157).  

However, with an immature neonatal immune system, more virions may be released than 

cleared, which may result in more virions in circulation to potentially infect new target 

cells (150). This could be due to the lack of the immature immune system’s ability to 

mount robust immune responses against HIV-1 in order to contain the virus (154).  It is 

also likely that there is a greater availability of susceptible target cells in neonates due to 

the fact that the immune system is still developing (154).  In addition, the availability of 

cells expressing high levels of CXCR4 in infants would allow for the selection of more 

virulent X4 variants which are responsible for the decline of CD4 T-cell counts (95).   
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1.2.7 Differential HIV-1 infection in neonates/infants and adults:  

 Infants with an HIV-1 infection develop AIDS at a much faster rate than adults, 

however the mechanisms behind this remain unclear.  Recent work in our lab has shown 

that HIV-1 replicates at higher levels in neonatal/infant (cord) T-lymphocytes and 

monocyte-derived macrophages (MDM compared with adult T-lymphocytes and MDM 

(178). Further studies showed that this increased replication was not due to increased 

cellular proliferation of cord cells compared to adult cells, based upon methyl-3H-

thymidine incorporation assays.  FACS analysis comparing the levels of the receptor 

CD4 and the coreceptors CXCR4 and CCR5 for viral entry on the host cell surface 

suggested there was no significant difference between cord and adult cells.  In addition, 

determination of post entry events after host cells have been infected found that no 

difference existed in the R/U5 step of reverse transcription between cord and adult MDM.  

This suggested that the same amount of virus entered both cell types.  Analysis of the 

intermediary steps of reverse transcription, R/U3 and LTR/Gag synthesis, showed no 

significant difference between cord and adult MDM. Furthermore, no difference in 2LTR 

DNA, which represents translocation of the PIC into the nucleus, was found.  Taken 

together these results demonstrate that the differential replication seen in cord versus 

adult cells is not due to differences in cell proliferation, expression of 

CD4/CXCR4/CCR5 on the host cell surface, or post entry events of the virus (178).  The 

evaluation of HIV-1 gene expression was performed using a single-cycle replication 

competent pseudovirus.  This virus contained the lab adapted HIV-1 strain NL4-3 

backbone with an attenuated or full length vpr gene, a nonsense mutation in the env gene, 
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and the reporter gene luciferase in place of the viral nef gene.  Encompassing this 

pseudovirus was the amphotropic envelope from the murine leukemia virus (MuLV).  

The end result was a virus which infects cells independent of receptor/coreceptor 

expression on the host cell, is only able to replicate within the host cell for one cycle, and 

expresses luciferase as a measure of HIV-1 LTR based transcription. Infection of T-

lymphocytes and MDM from both cord and adult blood revealed an increased HIV-1 

gene expression in cord vs. adult target cells, suggesting that the increased replication of 

HIV-1 in cord blood mononuclear cells is influenced at the level of HIV-1 gene 

expression (178).  

 
1.3 Mechanisms of Differential HIV-1 Infection in Neonates/ Infants and 

Adults 

As discussed above, work in our lab has shown that HIV-1 replicates more 

efficiently in neonatal (cord) compared to adult cells(178).  In addition, this increased 

replication may be due to a higher viral gene expression in cord cells vs adult cells (178).  

Several possibilities exist that could lead to this increased gene expression.  One such 

possibility is that the HIV-1 genome integrates into different sites within cord and adult 

cells.  Studies have shown that HIV-1 integration preferentially occurs in active genes 

(109, 159).  In addition, an infant’s immune system is still developing and expanding, and 

the immune cells are therefore in a more transcriptionally activated state when compared 

to cells from an adult system, which increases the chances that the viral genome 

integrates into genes which are more actively transcribed in infants.  Furthermore, HIV-1 
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is initially totally dependent on the host cell transcription machinery, which could also 

influence the site of integration.  Taken together, this could lead to increased transcription 

at the site of integration in cord cells, which in turn may influence viral gene expression.  

Another possibility that could account for the differences seen in an HIV-1 infection in 

infants and adults is the presence of a different host cellular factor profile in the two 

hosts.  If there are more favorable levels of host factors, such as transcription 

factors/activators, within infant cells it could lead to an increase in viral transcription.  In 

addition, if the levels of host factors that are known to assist HIV-1 integration are 

expressed at different levels within infant and adult cells, integration could also be 

affected. 

1.3.1 HIV-1 Integration: 

 A critical step in the HIV-1 lifecycle is the integration of the viral genome into the 

host chromosome.  While a limited amount of viral gene expression can be seen from 

HIV-1 genomes which have not integrated (200), this expression is not enough to lead to 

a fully productive infection.  The early events of this process take place as the viral pre-

integration complex (PIC) enters the nucleus of the host cell.  The viral enzyme integrase, 

which is associated with the PIC, nicks the circular viral DNA at the junction of the two 

LTRs present in a reaction called ‘3’-end processing’.  This removes two nucleotides 

from both ends of the viral genome, creating 5’overhangs, and opens the viral DNA.  The 

viral genome is then tethered to the host chromosome with the assistance of host factors, 

such as BAF (15, 34).  The viral enzyme then nicks the host chromosome in the same 

manner as the viral DNA.  Nicking of the host DNA however, does not appear to be 
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sequence specific as is seen with nicking of the viral DNA.  The nicking of the host DNA 

occurs at two places, which are five nucleotides apart.  Integrase then facilitates the 

joining of the overhangs created, in a process called ‘strand transfer’.  Ligation of the 

viral and host overhangs takes places using host factors, such as Ini1 (15), and the gaps in 

the host DNA that were created as a result of the integration process are filled in by host 

enzymes.  The successful completion of all these steps results in the irreversible insertion 

of the full-length viral genome into the host chromosome flanked by a five base pair 

repeat on both sides of the viral genome.  After successful integration has occurred, the 

host cell is permanently infected.         

 

Figure 6. Schematic of HIV-1 integration.  Viral DNA (orange) and host DNA (yellow) 

are shown, as well as the viral LTR promoter (grey-black-white bands).  
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1.3.2 Role of HIV-1 Integration in Differential Viral Gene Expression and 

Replication in Neonatal and Adult Target Cells: 

The majority of HIV-1 infected infants have a higher level of viremia and 

progress to AIDS faster compared with infected adults, including their own infected 

mothers (123, 182).  While the mechanisms behind this difference remain largely 

unknown, we have recently shown that HIV-1 replicates more efficiently in neonatal 

(cord blood) target cells compared with adult cells and this differential replication is 

influenced at the level of HIV-1 gene expression (178).  Several factors, viral and host, 

could effect this increased viral gene expression, including HIV-1 integration in infected 

hosts.  Integration of the HIV-1 genome into the host DNA is a critical event in the viral 

lifecycle and could have a profound effect on viral transcription, especially in the early 

stages of an infection.  Recent studies suggest that HIV-1 integrates within active host 

genes (159), which would place the host transcription machinery in close proximity to the 

viral genome and result in rapid production of viral mRNA, new progeny virions, and a 

high viremia in infected hosts.  Since neonatal immune cells are under immune 

activation, HIV-1 may integrate into a greater number of active genes in neonatal target 

cells compared with adult cells, and this may explain the differences seen in HIV-1 gene 

expression and replication between neonatal and adult cells (178). 

HIV-1 integration, which was first believed to be a random event (78), has been 

the focus of several studies.  These studies, however, have lead to varying conclusions.  It 

has been shown that HIV-1 integration may be influenced by base composition (54), 
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presence of alphoid (30) or Alu (130, 169) repeats and DNase I hypersensitive sites 

(189). However, several more recent studies have found preferential integration within 

actively transcribed genes (71, 109, 159, 190).   Furthermore, association of the viral 

integrase protein with the transcription factor LEDGF/p75 appears to be capable of 

directing integration into actively transcribed genes (35, 168).  In addition, preferential 

integration of HIV-1 into transcriptionally active genes suggests that such regions may be 

important for efficient expression of the viral genome (38).  Studies assessing HIV-1 

integration and gene expression have reported that differences in HIV-1 expression levels 

can be due to integration site selection (88).  Other studies have been able to link 

integration site with trends in viremia within infected patients.  It was found that in 

patients with low viremia, HIV-1 was found to be integrated predominantly in GC-rich 

regions; while patients with high viremia contained integrated viral genomes in GC-poor 

regions (183).   Taken together, these findings demonstrate that HIV-1 integration is not a 

random event, and integration at different sites within the human genome can affect the 

pathogenecity of the virus.  Differential integration between two hosts, for example 

infants and adults, could therefore result in the observed differences in disease 

progression.  

Expression levels of host factors within cells may also have a pronounced effect 

on HIV-1 gene expression.  Host factors are involved in several steps of the viral 

lifecycle, including integration and the viral transcription that follows.  Several factors, 

including BAF (107), LEDGF/p75 (35, 168), Rad18 (133) and p300 (32), assist 

integration of the HIV-1 genome into the host chromosome.  Moreover, differential 
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expression levels of these factors between neonates and adults may affect the efficiency 

with which integration takes place.  In addition, transcription of HIV-1 genes is aided by 

host transcription factors such as NF-κB, Sp-1, AP-1, and NFAT following successful 

integration of the viral DNA (13, 142).  Other transcription factors, such as YY1, have 

been shown to inhibit HIV-1 replication (117).  Binding of these factors in close 

proximity to the site of HIV-1 integration may assist in further recruitment of other 

factors to the integration site.  This, and the fact that several transcription factors bind 

cooperatively, could affect the levels of these factors at the integration site and the 

efficiency of viral transcription (20).  Expression levels of these host factors, which are 

involved in integration and transcription, in neonates and adults could consequently affect 

HIV-1 gene expression and replication.      

 While HIV-1 integration has been the focus of several studies, a majority of these 

studies have assessed integration within cell lines (30, 159, 186), using HIV-based 

vectors (104, 129, 130, 159), or have used purified integrase protein to simulate 

integration into plasmid DNA (24, 25), whereas relatively few studies have analyzed 

integration within primary cells (18, 71, 109). However, no comparative study has been 

performed that assessed HIV-1 integration and levels of gene expression in neonatal and 

adult blood T-lymphocytes and monocyte-derived-macrophages (MDM) with respect to 

differential HIV-1 gene expression and replication in these cell types.  To address this we 

have used cord blood in place of neonatal blood because cells from cord blood resemble 

the cells of neonates in both activation levels and memory status (131, 184), and is also 

available in larger quantities than neonatal blood.  We have used T-lymphocytes and 
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MDM from 5 different donors of cord and adult blood and infected with various strains 

of HIV-1, and characterized the integration sites by BLAST and BLAT analyses.  In 

addition, the host gene expression at the site of integration was assessed and compared 

between cells from cord and adult blood.  The potential transcription factor binding sites 

near the site of integration was determined by MatInspector, and the expression of those 

factors was also assessed and included in this comparative study.   

1.4 Development of Novel anti-HIV-1 agents 

1.4.1  Inhibition of HIV-1 infection by anti-retroviral drug s: 

 Great strides have been made in understanding the molecular biology of an HIV-1 

infection since the discovery of the virus in 1983.  This understanding has highlighted 

several critical points in the viral lifecycle which can be targeted for inhibition (Fig. 7).  

Along these lines, many anti-retroviral drugs have been developed.  These drugs mainly 

target reverse transcription (reverse transcription inhibitors), viral assembly (protease 

inhibitors) and viral entry into the host cell (entry and fusion inhibitors).  While these 

drugs initially showed promise, all have lead to the development of drug-resistant viral 

strains and insufficient eradication of the virus.  In addition, these drugs also have several 

toxic side effects on the host (28).  New antiviral drugs must be developed which are able 

to sufficiently inhibit viral replication with little adverse side effects if there is to be any 

hope of stopping the HIV-1 epidemic.   
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Figure 7.  Targets in the HIV-1 lifecycle for current antiretroviral drugs  

1.4.1.1 Entry inhibitors of HIV-1: 

 Several studies and drugs have been targeted to inhibit viral entry into the host 

cell.  This is the initial step of the viral lifecycle and the only target which can prevent the 

establishment of an HIV-1 infection as opposed to managing one.  HIV-1 entry occurs 
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through the interaction of the viral surface glycoprotein gp120, and CD4 and CXCR4 or 

CCR5 on the surface of the host cell.  This brings the virus into close contact with the cell 

so that the viral and host cell membranes can be fused.  Entry inhibitors are designed to 

block this interaction.  Soluble CD4 (sCD4), which contains the extracellular portion of 

membrane bound CD4, has been used to inhibit several strains of HIV-1 (23).   A number 

of proteins have been developed which interact with gp120 (49, 90, 108).  These proteins 

typically interact with the CD4 binding pocket within gp120 and interfere with the 

binding of CD4 on the host cell.  Other groups have developed a series of mini-proteins 

that can mimic the conserved CD4-binding pocket (118, 192). The IC50 of two of the 

mini-proteins, CD4M33 and CD4M33F23, were comparable to that of sCD4 (80).  In 

addition, the monoclonal antibody b12 functions in a similar manner (208).  While these 

entry inhibitors have displayed inhibitory effects in a laboratory setting, clinical trials 

have not shown sufficient inhibition of viral entry to prevent infection (126). 

More recent research has found that gp120 is displayed on the surface of HIV-1 as 

a trimer (160, 210).  This results in three CD4 binding sites within one gp120 complex.  

Thus, as opposed to previous attempts, targeting of these CD4 binding sites in a 

multivalent manner may increase the inhibitory effects of designed compounds through 

multivalent interactions (115).  Studies have shown that linkage of mini-proteins that 

mimic the CD4 binding pocket of gp120 have increased the ability of these agents to 

inhibit HIV-1 entry (105, 106).  In light of this we conjugated three copies of the potent 

miniprotein CD4M33F23 (F23) to a trimesic acid derivative through PEG linkers to form 
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a trivalent F23 (Tri-F23).  This new multivalent HIV-1 entry inhibitor may provide a 

promising new compound to help prevent the establishment of an HIV-1 infection.  

Figure 8. Schematic of inhibiting HIV-1 entry using a multivalent approach 

 

1.4.1.2. Naturally based HIV-1 inhibitors: 

Most anti-retroviral drugs used today are chemically synthesized in laboratories.  

While this approach has resulted in drugs than can inhibit HIV-1 to some degree and be 

produced relatively easily, these drugs have not been able to provide a way to completely 

prevent or terminate an HIV-1 infection in patients as well as avoid side effects and 

development of resistance.  The development of new drugs is paramount if the HIV-1 

epidemic is going to be thwarted.  A relatively untapped resource for anti-HIV-1 drug 

discovery lies in natural bi-products found in commonly occurring plants and fungi.  

These products of natural origin have been studied in the context of other diseases, such 

as cancer, and several chemotherapeutic drugs have been the results of these studies (137, 
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167).  In fact, approximately 60% of the anticancer and anti-infective agents which are 

commercially available are of natural origin (40).   

Several natural products have been isolated from endophytic fungi (173).  These 

fungi reside within the stems, roots and leaves of plants in a symbiotic relationship.  The 

plant protects and feeds the fungi, which in turn produces bioactive (plant growth 

regulatory, antibacterial, antifungal, antiviral, insecticidal, antidrought, anticold, antiheat) 

substances to enhance the growth and competitiveness of the plant and to protect it from 

herbivores and plant pathogens (29).  These bioactive substances have been isolated and 

characterized, leading to the development of the drugs Taxol (anticancer) (174), 

Cryptocandin (antimycotic) (175), Preussomerin D (antimicrobial) (144) and Sequoiatone 

A & B (antitumor) (170).  While not widely studied, other groups have found substances 

which inhibit viruses.  The cytonic acids A & B were isolated from endophytic fungi and 

were found to inhibit the human cytomegalovirus protease enzyme (66).  It is apparent 

that the potential for the discovery of compounds having antiviral activity from 

endophytic fungi is in its infancy. The fact, however, that some compounds have been 

found already is promising. The main limitation to compound discovery to date is 

probably related to the absence of common antiviral screening systems in most 

compound discovery programs (173). We have developed tissue culture assays to 

evaluate the inhibitory properties of anti-HIV agents. Crude extracts and fractionated 

compounds from endophytic fungi isolated from desert plants can be evaluated for their 

anti HIV-1 activity. These compounds provide promising new leads in the search for 

novel HIV-1 inhibitors. 
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1.5 Rationale 

AIDS in children is primarily caused due to vertical transmission of HIV-1 and 

accounts for approximately 90% of all infections in children (9). Despite years of 

research, the exact molecular mechanisms of vertical transmission as well as HIV-1 

pathogenesis in infants are not well understood. Research in our lab for more than a 

decade has focused in the understanding of the molecular and biological properties of 

HIV-1 that are involved in vertical transmission. We and others have shown that the 

minor HIV-1 genotypes are transmitted from mother to infant (10, 198).  We have also 

shown that the macrophage-tropic (R5) phenotype is involved in vertical transmission 

(10, 45). Analysis of several HIV-1 accessory (vif, vpr, vpu and nef) and regulatory (tat 

and rev) genes has revealed conservation of the functional domains of these genes during 

vertical transmission (69, 70, 83, 121, 151, 202-204).  In addition, transmitting mothers’ 

vif and vpr sequences were more heterogeneous and the functional domains more 

conserved than non-transmitting mothers’ sequences (68, 120, 202).  Taken together, this 

data demonstrates that several characteristics of the virus play a role in vertical 

transmission.  Several other HIV-1 genes may also play a crucial role in virus 

transmission and pathogenesis.  One gene which has not been characterized in the context 

of vertical transmission is the HIV-1 gag nucleocapsid gene, which plays several crucial 

parts in the viral lifecycle.  Analysis of this gene during vertical transmission may 

provide valuable information concerning the functional domains, viral diversity and 

epidemiological relationships associated with vertical transmission.   



 56 

Once a neonate or infant has become infected with HIV-1, the course of disease 

progression is very rapid.  Typically an infected infant will develop AIDS within two 

years, compared to ten years in infected adults (140, 182).  This differential disease 

progression between infants and adults has been, at least partially, explained by the 

relative immaturity of the infant immune system (154).  However, both host and viral 

factors can affect the course of an HIV-1 infection.  Recent work from our lab has shown 

that HIV-1 replicates more efficiently in neonatal (cord) blood mononuclear cells 

compared to adult cells (178).  In addition, this differential replication was correlated 

with increased HIV-1 gene expression within cord cells versus adult cells (178).  Several 

possibilities exist which could account for this differential gene expression.  One of 

which involves HIV-1 integration into active genes within the host.  Integration into 

active genes which are expressed at higher levels in cord cells versus adult cells could 

influence viral transcription by ensuring the host cell transcription machinery was in 

close proximity to the viral promoter.  This could allow for production of viral mRNA 

very rapidly, which could therefore have an effect on viral gene expression.  Another 

possibility deals with differential levels of host factors present within cord and adult cells.  

Host factors play a role in every step of the HIV-1 lifecycle, including integration of viral 

DNA into the host chromosome and transcription of viral genes.  Differential levels of 

these factors could influence viral gene expression by making integration more efficient 

and targeting it towards active genes, as well as increasing viral transcription by 

binding/acting just upstream of the viral promoter.  By analyzing the expression levels of 

host genes at the site of integration and the levels of host factors involved in regulating 
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integration and transcription we may gain insights into the mechanisms of the differential 

HIV-1 gene expression seen in infants and adults. 

Despite extensive research and development of new anti-retroviral drugs, the 

AIDS epidemic is continuing to spread in adults and children alike.  The fight to stop this 

epidemic must involve two areas:  obtaining a more thorough understanding of HIV-1 

and its interactions with the host, and developing new drugs in an attempt to stop the 

spread of the virus.  Current antivirals mainly target viral enzymes, but the development 

of drug-resistant viral strains and adverse side effects to the drugs eventually lead to 

insufficient suppression of the virus (28).  This highlights the need for development of 

better drugs.  Inhibitors of viral entry into host cells have been developed for many years, 

yet none provide complete protection from infection.  Development of new entry 

inhibitors is of particular importance as this is the only type of inhibition that will prevent 

infection instead of managing it.  While current antivirals mainly target the viral enzymes 

protease and reverse transcriptase, many points in the viral lifecycle present possible 

targets for inhibition.  One source of potential antiviral drugs, which is largely untapped, 

is the bioactive substances extracted from endophytic fungi found within desert plants.  

These substances have been sources of treatments for other diseases, such as cancer (40), 

and may inhibit HIV-1 more efficiently than current drugs or in a manner that has not yet 

been explored.  The development of new entry inhibitors and discovery of new antiviral 

substances may provide new hope in the fight against AIDS.  
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1.6 Hypothesis and objectives 

 Molecular and biological properties of HIV-1, including interactions of HIV-1 

with neonatal and adult target cells, the site of HIV-1 integration and host gene 

expression profile influence differential HIV-1 replication, transmission and 

pathogenesis.   

The objectives for this dissertation are: 

1. To determine the molecular properties of HIV-1 gag nucleocapsid gene in 

mother-infant pairs following vertical transmission:  The molecular properties 

of the HIV-1 nucleocapsid gene, including phylogenetic analysis, genetic 

variability, estimates of genetic diversity, selection pressure, functional domains 

and immunological epitopes will be determined in 6 mother-infant pairs following 

vertical transmission. 

2. To characterize the sites of HIV-1 integration and determine gene expression 

profile of the genes found at the site of integration:  The sites of HIV-1 

integration will be identified within T-lymphocytes and monocyte-derived-

macrophages from 5 donors of neonatal (cord) and adult blood by inverse PCR, 

DNA sequencing and BLAST/BLAT analysis. Potential transcription factor 

binding sites at the site of HIV-1 integration will be determined using a computer 

based program, MatInspector. Host gene expression profile in cord and adult cells 

will be determined by Microarray analysis.  A correlation will be established 

between the genes at the site of integration and gene expression profile in cord 

and adult cells. 
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3. To develop and evaluate the mechanisms of novel, natural-based HIV-1 

inhibitors:  Several CD4-mimetic miniproteins will be developed and the effect 

of these miniproteins on HIV-1 entry and replication will be determined.  In 

addition, crude extracts from endophytic fungi of desert plants will be evaluated 

for the ability to inhibit viral replication.  Extracts exhibiting antiviral activity will 

be fractionated to isolate a single compound and the mechanism of action of these 

compounds will be determined. 

 

The results of these studies may provide a better understanding of the molecular 

mechanisms of HIV-1 vertical transmission and pathogenesis.  In addition, HIV-1 

integration studies may elucidate the mechanisms of increased HIV-1 gene expression 

and replication in cord cells compared to adult cells.  Furthermore, these studies may 

provide us with exciting possibilities for the development of new antiviral drugs to 

combat the HIV-1 epidemic. 
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2. MATERIALS AND METHODS 
 

2.1 Molecular characterization of the HIV-1 gag nucleocapsid gene 

 associated with vertical transmission 

 

2.1.1  Patient population: 

Blood samples were collected from six mother-infant pairs following vertical 

transmission.  The demographics, clinical and laboratory findings on these mother-infant 

pairs is summarized in Table 1.  The Human Subjects Committee of the University of 

Arizona (Tucson, AZ) and the Institutional Review Board of the Children’s Hospital 

Medical Center (Cincinnati, Ohio) approved this study.  Written informed consent to 

participate in this study was obtained from the mothers of the mother-infant pairs.  

 Six mothers and seven infants (one of the mothers had twins) were enrolled in this 

study, and were given designations B, C, D, E, G, and H.  The infected twin infants were 

designated IH1 and IH2.  Maternal age varied from 23 to 33 years, while the infants were 

between 4.75 to 34 months old.  Interestingly, only one mother (mother E) enrolled in 

this study received any sort of antiretroviral drugs while all but one infant (infant B) 

received some sort of antiretroviral therapy.  The disease status of the mothers and infants 

ranged from asymptomatic to symptomatic AIDS, with one infant (infant D) who failed 

antiretroviral therapy and progressed to full blown AIDS. 
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Table 1:  Patient demographics, clinical, and laboratory parameters of six HIV-1 infected 

mother-infant pairs involved in vertical transmission. 

Patient Age Sex CD4+ 
cells/mm3 

Length 
of 

infection 

Antiviral 
Drug 

Clinical Evaluation 

MB 28 yr F 509 11 mo None Asymptomatic 
IB 4.75 

mo 
M 1942 4.75 mo None Asymptomatic 

MC 23 yr F 818 1 yr 6 
mo 

None Asymptomatic 

IC 14 mo F 772 14 mo ZDV Symptomatic AIDS 
MD 31 yr F 480 2 yr 6 

mo 
None Asymptomatic 

ID 28 mo M 46 28 mo ddC Symptomatic AIDS; 
failed ZDV therapy 

ME 26 yr F 395 2 yr ZDV Symptomatic AIDS 
IE 34 mo M 588 34 mo ZDV Symptomatic AIDS 

MG 23 yr F 480 10 mo None Asymptomatic 
IG 24 mo F 4379 24 mo ZDV Asymptomatic 

MH 33 yr F 538 5 mo None Asymptomatic 
IH1 7 mo F 3157 7 mo ACTG152 Hepatoslpenomegaly, 

lymphadenopathy 
IH2 7 mo F 2176 7 mo ACTG152 Hepatoslpenomegaly, 

lymphadenopathy 
 

M: Mother; I: Infant 
 
Length of infection:  The closest time of infection that could be documented was the first 
positive HIV-1 serology date or the first visit of the patient to the AIDS treatment center, 
where all the HIV-1 positive patients were referred to as soon as an HIV-1 test was 
positive.  As a result, these dates may not reflect the exact dates of infection. 
 
Clinical evaluation for the infants is based on CDC criteria  
 

2.1.2  PCR amplification of HIV-1 NC: 

Peripheral blood mononuclear cells (PBMCs) were isolated using a single-step 

Ficoll-Hypaque method (Pharmacia-LKB) from whole blood samples of HIV-1 infected 
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mother-and-infant pairs that were involved in vertical transmission.  The PBMCs DNA, 

which contains the integrated HIV-1 genome, was isolated as previously described (10).  

The HIV-1 NC gene was amplified using a two-step polymerase chain reaction (PCR) 

method according to the modified protocol described by Ahmad et al (10).  Outer primers 

NC-1 (5’GAAGAAATGATGACAGCATGTCAGGGAGTGGG, 1819 to 1851, sense) 

and NC-2 (5’CCATCTTCCTGGCAAATTCATTTCTTCTAATACT, 2344 to 2378, 

antisense) were first used, followed by nested primers NC-3 

(5’CACCGGCCATAAAGCAAGAGTTTTGGCTGAAGC, 1854 to 1887, sense) and 

NC-4 (5’ CATCTGCTCCTGTATCTAATAGAGCTTCCTT, 2310 to 2341, antisense).   

Equal amounts of PBMC DNA (approximately 25 to 50 copies, minimum) as determined 

by end-point dilution was subjected to multiple (four to six) PCRs to obtain clones that 

were sequenced and analyzed.  PCR was carried out in a 25µl reaction mixture containing 

2.5µl 10x Pfx Amplification buffer, 2.5mM MgSO4, 400µM of each dATP, dCTP, dGTP, 

and dTTP, 0.2µM of each outer primer, and 2.5 units (U) of Platinum Pfx DNA 

polymerase (Invitrogen Inc.).  The reaction was initiated at 94oC for 2 minutes (min), and 

then cycled at 94oC for 30 seconds (sec), 50oC for 30 sec, and 72oC for 2 min, for 35 

cycles, with an addition extension period of 10 min at 72oC to end the reaction.  

Following the first round of PCR, 5-8µl of the first-PCR product was used for nested 

PCR using the same reagents and the inner primers.  This nested PCR was cycled at 94oC 

for 30 sec, 55oC for 30 sec, and 72oC for 2 min, for 35 cycles.  A negative control was 

included with each PCR which used sterile water in place of DNA.  PCR was also 

performed on HIV-1 NL4-3, of which the sequence is known (GenBank accession 
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number M19921), to assess any errors made by the Platinum Pfx DNA polymerase.  To 

avoid contamination, all samples, reagents and PCR products were kept separately and 

dispensed in a separate room free of all laboratory-used DNA.  

2.1.3  Cloning  of HIV-1 NC: 

The PCR products were visualized on a 1% agarose gel and cloned into the TOPO 

TA cloning system (pCR 2.1-TOPO vector) as per manufacturer’s instructions 

(Invitrogen Inc.).  Positive bacterial colonies were determined by blue-white screening, 

and the presence of correct-sized inserts was confirmed by restriction digest using EcoRI 

following plasmid isolation.  Eight to eighteen clones from each mother and infant, from 

multiple independent PCRs, were obtained.   

2.1.4  Plasmid Isolation: 

Bacterial clones containing the desired plasmids were grown in 3mL of LB 

medium containing 100g/mL of ampicillin (Sigma) overnight and pelleted.  The pellet 

was re-suspended in 100µl of Solution I (25mM Tris-HCl pH 8.0, 10mM EDTA and 

50mM glucose) and 200µl of Solution II (1% SDS, 0.2M NaOH) was added and mixed 

by inversion.  Following thorough mixing, 150µl of 3M Sodium acetate (pH 4.6) was 

added and mixed by inversion.  This was followed by the addition of 500µl of 

phenol:chloroform and vortexed thoroughly.  The aqueous and organic layers were 

separated by centrifugation for 5 minutes at 14,000 rpm and the aqueous layer was then 

removed and transferred to a new eppendorf tube.  The DNA was then precipitated by 

addition of 2x volumes of cold absolute ethanol and incubated at -20oC for 2 hours.  
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Following precipitation the DNA was pelleted via centrifugation for 20 minutes at 14,000 

rpm, washed with 70% ethanol, dried, and re-suspended in 50µl of RNase water.   

Plasmid preparation was also performed using the QIAprep Miniprep kit (Qiagen 

Inc.) to obtain clean DNA for automated sequencing.  Similar bacterial cultures were 

grown and DNA prepared via the manufacturers instructions with one modification.  In 

the final step, DNA was eluted from the column using water (pH 7.6) instead of TE.  This 

avoided EDTA chelation of divalent ions during the automated sequencing process.   

Following plasmid preparation using either method, the DNA was restriction 

digested using EcoRI to ensure the correct sized insert (~ 400 bp) was present within the 

plasmids. 

2.1.5  DNA sequencing of HIV-1 NC clones: 

DNA was sequenced using the Thermosequenase Cycle Sequencing protocol 

(USB) and following the manufacturer’s instructions.  Briefly, sequencing was performed 

by making four master mixes and a reaction mix.  To make the master mixes, 1µl of 

either dGTP (7.5uM dATP, dCTP, dGTP, dTTP) or dITP (7.5uM dATP, dCTP, dTTP, 

37.5uM dITP) was added to a tube containing 0.3µl of a radiolabelled dideoxy nucleotide 

([α-33P] ddATP, ddCTP, ddGTP or ddTTP (1500Ci/mmol, 450uCi.mL)) (Amersham).  

After thorough mixing, 1.3µl was added to the final reaction tube.  To make the reaction 

mix, 1µl of reaction buffer (260mM Tris-HCl pH 9.5, 65mM MgCl2) was combined with 

0.5µl NC-3 primer (3pmol/µl), 1µl ThermoSequenase DNA polymerase and 5.5µl Sterile 

H2O.  The NC-3 primer used for sequencing was the same primer as was used for nested 

PCR.  After mixing, 8µl of the reaction mix was aliquoted into separate tubes and 2µl of 
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the DNA to be sequenced was added.  Once mixed, 2.3µl was added to the master mix in 

the final reaction tube.  Finally mineral oil was added to the top of the reaction to prevent 

evaporation and the tubes were loaded into a thermal cycler (PTC-100 Peltier thermal 

cycler, MJ research).  The sequencing reaction was carried out using cycles 95oC for 30 

seconds, 55oC for 30 seconds, and 72oC for 1 minute for 40 cycles when dGTP was used 

or 95oC for 30 seconds, 50oC for 30 seconds, and 60oC for 7 minutes for 40 cycles when 

dITP was used.  After the cycles were complete, the reaction was cooled to 4oC.  Stop 

solution (95% formamide, 20nM EDTA, 0.05% bromophenol blue, 0.05% xylene cyanol 

FF) was added to each sample, and the mix was heated at 72oC for 10 minutes 

immediately before loading onto a gel.  The sequences were run on a poly-acrylamide gel 

at 85 Watts until the loading dye reached the bottom of the gel.  The gel was then 

transferred to blotting paper (ISC Bioexpress) and dried.  An X-ray film (BioRad) was 

then exposed to the gel for 12 to 24 hours and exposed.  The sequences were read by 

hand and compared to the known HIV-1 NL4-3 sequence.   Sequencing was also 

performed at the University of Arizona Biotechnology Center using the ABI Prism® 

3700 DNA automated sequencing system.   The sequences obtained were submitted to 

GenBank with nucleotide accession numbers DQ026833 through DQ027000. 

2.1.6  Sequence analysis: 

2.1.6.1  Phylogenetic analysis of the HIV-1 NC gene from six mother-infant pairs: 

The nucleotide sequences of the HIV-1 NC gene (approximately 375 bp) from six 

mother-infant pairs were analyzed using the Wisconsin package version 10.1 of the 

Genetics Computer Group (GCG) and were translated to corresponding deduced amino 
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acid sequences (125 amino acids).  Both the nucleotide and amino acid sequences were 

aligned, using the HIV-1 NL4-3 NC sequence as a reference, by Clustal X.  A model of 

evolution was optimized for the entire nucleotide sequence data set using the 

Huelsenbeck and Crandall approach (82).  Likelihood models of evolution were 

calculated using PAUP (179) and a chi square (χ2) test was performed using Modeltest 

3.06 (147).  The model with the highest likelihood was incorporated into PAUP to 

generate a neighbor-joining tree, which was bootstrapped 1000 times to ensure fidelity.  

The tree was based on the nucleotide sequences from the six mother-infant pairs, as well 

as HIV-1 NL4-3 which was used as a reference sequence and the outgroup for the tree.  

Using Modeltest and the Akaike Information Criterion (AIC) (12), all the null hypotheses 

were rejected except the best-fit model (GTR+G).  The base frequencies for the NC gene 

were calculated as: freq A=0.37, freq C=0.23, freq G=0.21 and freq T=0.19.  Five rate 

categories were also figured, and were as follows:  R(A-C)= 1.00, R (A-G)= 5.34, R(A-

T)=0.79, R(C-G)= 0.79, R(C-T)= 5.34, R(G-T)=1.00.  The rate heterogeneity was taken 

into account using a gamma distribution with a shape parameter (α) of the distribution 

estimated from the data via maximum likelihood.  This shape parameter had a value of 

0.7085.   

2.1.6.2  Distance calculations of HIV-1 NC sequences: 

A model of evolution for each patient was also generated and optimized to 

estimate corrected pairwise nucleotide distances using PAUP (179).  Amino acid 

distances were also estimated using the Jukes-Cantor model within the Wisconsin 

package version 10.1 of GCG.  The minimum, median, and maximum distance values 
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were calculated for both nucleotides and amino acids for each patient as well as for the 

linked and unlinked patient pairs.   

2.1.6.3 Population genetics of HIV-1 NC sequences: 

The dynamics of HIV-1 evolution was assessed using techniques of population 

genetics.  In population genetics, genetic diversity is defined as θ= 2Neµ, where Ne is the 

effective population size and µ is the per nucleotide mutation rate per generation.  The 

Watterson model, which assumes segregated sites, and the Metropolis-Hastings model, 

which assumes a constant population size, was used to estimate the differences in genetic 

diversity using the Coalesce 1.5 program 

(http://evolution.genetics.washington.edu/lamarc/coalesce.html) (99).   

2.1.6.4  Estimation of selection pressure acting on HIV-1 NC sequences: 

To analyze the evolutionary processes acting upon the NC gene, we estimated the 

ratio of nonsynonymous (dn) to synonymous (ds) substitutions by a maximum likelihood 

model using codeML, which is part of the PAML package (201). The Nielsen and Yang 

(138) model considers the codon instead of the nucleotide as the unit of evolution and 

thus incorporates three distinct categories of sites. The first category represents the sites 

that are invariable or conserved (p1, dn/ds=0); the second category represents sites that 

are neutral (p2, dn/ds=1), at which dn and ds are fixed at the same rate; and the third 

category represents sites that are under positive selection, where dn has a higher fixation 

rate than ds (p3, dn/ds >1).  The dn/ds was estimated for each patient using both neutral 

and positive selection models in codeML. 
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2.2  Characterization of HIV-1 Integration sites and Host Gene 

Expression Profile in Neonatal and Adult Target Cells  

 

2.2.1 Isolation of Lymphocytes and Monocytes/Macrophages from Cord and Adult 

Blood: 

 Cord blood and adult blood from 5 donors, representing various ethnic and racial 

backgrounds in Arizona, was collected under similar conditions using the same anti-

coagulant (heparin sulfate) with written consent and the approval of the University of 

Arizona Human Subjects Committee.  The samples were collected around the same time 

and processed side by side.  Peripheral blood mononuclear cells from the cord blood 

(CBMC) and adult blood (PBMC) were isolated using a single-step Ficoll-Hypaque 

method (Amersham-Pharmacia).  Monocytes/macrophages (M/M) were separated from 

the CBMC and PBMC using magnetic cell sorting with anti-CD14 Microbeads (Miltenyi 

Biotec).  Lymphocytes were collected from the column flow-through, and cultured in 

RPMI 1640 media containing 10% FBS, penicillin-streptomycin and PHA (2 µg/mL) for 

36-48 hours.  The lymphocytes were then washed and cultured in RPMI 1640 media 

containing 10% FBS, IL-2 (10 U/mL) and penicillin-streptomycin.  The M/M from the 

column were differentiated into macrophages by culturing in RPMI 1640 media 

containing 15% human AB serum, penicillin-streptomycin and MCSF (100 U/mL) for 7 

days.  Both cell types were plated in 48-well plates at a density of 1x106 cells/well. 
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2.2.2 Infection with HIV-1: 

 The viruses used in this study were obtained from the National Institutes of 

Health AIDS Research and Reference Reagent Program.  Following culture, the T-

lymphocytes and macrophages were infected with the lab adapted stains HIV-1BaL or 

HIV-1LAV . Briefly, both cell types were washed and placed in serum free media, and 

infected with 250,000 RT counts of virus, which corresponded to approximately 19,000 

virions and an MOI < 1 (Sears JF. and Khan AS.  J. Clin Micro. 37(6) 1999).  The virus 

was allowed to adsorb to the cells for 2 hours at 37oC.  Following adsorption, the serum 

free media along with any unadsorbed virus was removed and replaced with the 

appropriate culture media.  The infected cells were cultured for 72-84 hours. 

2.2.3 Lysis and Isolation of DNA: 

   To isolate chromosomal DNA, the HIRT method of DNA extraction was used 

(76).  Briefly, approximately 1x106 cells were removed from the culture plate and 

centrifuged in an eppendorf tube at 17,000 rpm for 3 minutes.  The supernant was 

removed and the cell pellet resuspended in HIRT solution I (5mM Tris pH 7.7; 10mM 

EDTA), followed by Proteinase K (10mg/mL) and HIRT solution II (10mM EDTA; 

5mM Tris pH 7.7; 1.2% SDS).  The samples were incubated at 370C for 30 minutes, 

followed by addition of 4M NaCl and incubation at 40C for a minimum of 3 hours.  After 

incubation the samples were centrifuged at 17,000x g for 45 minutes at 40C and the 

supernant was removed.  The resulting cell pellet was resuspended in water.  RNAse 

(100mg/mL) was added and the samples incubated at 370C for 30 minutes.  Further 

protein removal was accomplished using phenol-chloroform-isoamyl alcohol (IAA) 
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extraction.  The DNA was precipitated and resuspended in sterile, de-ionized water at 

approximately 10,000 cell equivalents/µl.  

2.2.4 Inverse PCR and Sequencing: 

To determine the host chromosomal sequence that flanks the HIV-1 integration 

site we used inverse PCR (71).  This method uses the restriction enzyme PstI to cut the 

integrated HIV-1 DNA as well as the host chromosome.  PstI cuts frequently in genomic 

DNA however only cuts viral DNA once within the gag region.  Digested DNA was self-

ligated under dilute conditions into circular DNA using T4 DNA ligase.  The circularized 

DNA was used as a template for outer PCR using outward facing primers that are located 

within the HIV-1 LTR and gag regions (LTR out (-): 5’-

TAACCAGAGAGACCCAGTACAGGC-3’; gag out (+): 5’-

GGTCAGCCAAAATTACCCTATAGTG-3’).  This amplification captured the junction 

between the 5’ end of the viral genome and host chromosomal DNA.  The outer PCR 

product was used for nested PCR to further amplify the viral-host DNA junction (LTR 

inr(-): 5’-TGGTACTAGCTTGAAGCACCATCCA-3’; gag inr (+): 5’-

TGTTAAAAGAGACCATCAATGAGGAAG-3’).  The cycles for both outer and nested 

PCR were as follows:  94oC for 3 minutes, then 30 cycles of 94oC for 30 seconds, 65oC 

for 1 minute, and 68oC for 2 minutes, followed by a final extension step of 68oC for 4 

minutes.   The nested PCR product was cloned using TOPO TA cloning and sequenced 

using the ABI Prism® 3700 DNA automated sequencing system using the M13 reverse 

primer based vector.  
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Figure 9.  Schematic of Inverse PCR strategy 

 

As a control, DNA was also isolated from uninfected (mock) T-lymphocytes and 

MDM and subjected inverse PCR.  This allowed for evaluation of nonspecific 

amplification or amplification due to human endogenous retroviral (HERV) sequences.  

PCR products were generally not observed in mock samples, however if slight 

amplification did occur the integration sites found within mock DNA were discarded 

from our analysis. 
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2.2.5 Determine sites of integration by BLAST and BLAT analyses: 

Once the sequences were obtained they were aligned with the HIV-1 LTR to 

confirm sequencing of the host DNA that flanks the viral promoter.  The sequences were 

then input into BLAST (www.ncbi.nlm.nih.gov/BLAST) and BLAT 

(www.genome.ucsc.edu/cgi-bin/hgBlat) to determine the host chromosomal gene into 

which HIV-1 integrated.  Both programs contain similar functions and produce similar, 

but not identical results.  These programs perform nucleotide sequence alignments using 

sequence databases and calculate the statistical significance of matches.  Each match is 

given a numerical score based on the exactness of the alignment and the probability of 

finding a similar match by random chance, given as an ‘E’ value ranging from 1 to 0.  

Sequence matches were considered acceptable if they resulted in a high numerical score, 

a low ‘E’ value.     

2.2.6 Determine functional classes of genes found at HIV-1 integration site: 

The genes identified at the site of HIV-1 integration by BLAST/BLAT analysis 

were classified by cellular function using a gene ontology hierarchy analysis.  This 

analysis was performed using the BiNGO plug-in 

(www.psb.ugent.be/cbd/papers/BiNGO) (114) in the Cytoscape program 

(www.cytoscape.com) (165).  This analysis identified which gene ontology categories 

were statistically overrepresented in our set of genes. The gene list was analyzed in 

BiNGO using hypergeometric statistical test with Benjamini & Hochberg False 

Discovery Rate correction at a p-value cut-off of 0.05. 



 73 

2.2.7 Determine possible transcription factor binding sites by MatInspector: 

The inverse PCR sequences were also analyzed using MatInspector 

(http://www.genomatix.de/products/MatInspector/index.html) to assess any possible 

transcription factor binding sites within the chromosomal region that flanks the HIV-1 

integration site (31).  MatInspector uses the information of core positions, nucleotide 

distribution matrix and a conservation index vector to scan sequences of unlimited length 

for pattern matches.  If the core value associated with a match was above .8, and the 

matrix similarity value was greater than the defined optimized matrix similarity, then it 

was considered an acceptable match between the query sequence and the transcription 

factor binding site sequence.  If a section of a submitted sequence resulted in an 

acceptable match, that position on the sequence was identified as having a potential 

transcription factor binding site in that region.  Although the transcription factor binding 

site prediction can infer the binding potential, it cannot infer the functionality of a site.  

2.2.8 RNA isolation: 

 Total cellular RNA was isolated from CBMC and PBMC, after the cells were 

stimulated with PHA for 36 to 48 hours, using the Qiagen RNeasy kit (Qiagen) following 

the manufacturer’s protocol.  UV spectrophotometry was used to quantify the RNA, 

which was then precipitated in absolute ethanol with 1/10 volume 3M Sodium Acetate.  

After centrifugation, the RNA pellet was washed with 70% ethanol made in DEPC water, 

and resuspended in RNase free water such that the RNA will be present in the 

concentration needed for microarray analysis.   
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2.2.9 Microarray: 

 The total RNA was first tested using the Agilent ® BioAnalyzer to ensure the 

RNA stability, using 18S and 28S peaks as indicators.  The differential gene expression 

in cord and adult cells was measured using a two-color fluorescence hybridization 

scheme.  Each of the samples to be compared was hybridized onto one chip.  The 

labeling, hybridization and acquisition of images was done at the core facility of the 

Arizona Research Laboratories at the University of Arizona.  A pre-printed in-house 22K 

human genes chip, which was made on a Gold Seal microscope slide coated with 2% 3-

Aminopropyltrimethoxysilane, was used to perform the microarray.  In addition to 22K 

human genes, each chip included housekeeping genes and non-specific controls.  cDNA 

was generated from the RNA samples provided using random hexamer primers and 

SuperScript III RT (Invitrogen).  Aminoallyl dNTPs were used to label the cDNA and 

cleaned using a QIAquick column (Qiagen).  Fluorochromes were conjugated to the 

newly created cDNA, with Cy3 attached to adult samples and Cy5 attached to cord 

samples, using an indirect coupling reaction.  The DNA on the chips was cross-linked to 

the hybridization slides in a Stratalinker at 2500 x 100µJ.  The cross-linking was stopped 

using a blocking buffer (3xSSC, BSA, 10% SDS) for 2-10 minutes.  The blocking buffer 

was removed by washing with MilliQ water, and the slides were loaded with the cDNA 

samples.  Hybridization was allowed to take place, and then the chip was washed.  The 

array was scanned at two wavelengths following independent excitation with an Array 

WoRx Scanner (Applied Precision Inc).  Fluorescent intensity data following excitation 
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was recorded using the SoftWorxTM tracker program.  Analysis of the microarray data 

was done using the GeneSpring program (Silicon Genetics Inc.). 

2.2.10 Statistical Analysis: 

 To assess the percentage of integration within more highly expressed genes and 

the percentage of transcription factors with higher expression in cord versus adult; the 

percentage was first calculated for each cord and adult sample individually, yielding five 

individual percentages.  These individual percentages were then averaged to give the 

overall percentage of integration within highly expressed genes or of transcription factors 

with higher expression in cord and adult.  The standard deviation and p-values were 

calculated using Student’s t- test with the individual sample percentages (n=5).  Τhe 

significance of frequent integration into particular chromosomes was determined 

using χ2-tests.  In all evaluations, a p value of < 0.05 was considered significant. 

 

2.3  Development and Evaluation of Biological Activities of Antivirals  

 

2.3.1  Preparation of antiviral compounds: 

2.3.1.1  Isolation of bioreactive substances from endophytic fungi within desert plants: 

2.3.1.1.1  Isolation of endophytic fungi from desert plants: 

 Isolation of the bioreactive substances from the endophytic fungi of various desert 

plants was performed in the laboratory of Dr. Leslie Gunatilaka at the SW Center for 

Natural Products Research at the University of Arizona.  Briefly, randomly selected seeds 

from each species of legume available from the Desert Legume Project (DELEP) of the 
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Boyce Thompson Arboretum and Sonoran Desert grasses were first surface sterilized by 

immersing in 50% sulfuric acid for 30 minutes, followed by three rinses with sterile 

water.  The seeds were then placed in 50% sodium hypochlorite bleach for 30 minutes.  

This serves to surface sterilize the seeds to remove any external microbes.  Seeds were 

then cut in half or quarters, depending on seed size, and each piece was placed on three 

sterile media types, water agar, potato dextrose agar and a high nutrient agar containing 

2% malt extract on Petri dishes.  Each media contained 100mg/L of ampicillin and 

150mg/L of streptomycin sulfate to suppress any bacterial growth.  Once growth of the 

endophytic fungi had begun, the mycelia were sterilely removed and placed on new agar 

plates or slants so that individual fungal species could be isolated.  The isolated fungi 

were then grown in solid or liquid media. 

2.3.1.1.2  Production of crude extracts from endophytic fungi: 

 Solid media cultures were processed by adding 200ml of methanol to each growth 

flask, followed by sonication in an ultrasonic bath to kill the organism, and filtration 

through Celite-545.  The filtrate was concentrated under vacuum to half in volume and 

extracted with ethyl acetate.  The organic extracts were dried over anhydrous sodium 

sulfate and evaporated to obtain the crude extract.  Liquid media cultures were extracted 

with ethyl acetate, dried, and evaporated under vacuum to yield crude extracts.  These 

crude extracts were evaluated for cytotoxicity to mammalian cell lines and ability to 

inhibit HIV-1 replication. 
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2.3.1.1.3  Fractionation of endophytic fungal extracts: 

Crude extracts that were not cytotoxic and inhibited HIV-1 replication were 

fractionated several times to isolate the individual bioreactive compounds present within 

each extract.  Fractionation was performed using a combination of liquid-liquid partition 

and chromatographic procedures.  A typical procedure is depicted in Figure 10, and 

involves solvent-solvent partitioning and Sephadex LH-20 Gel permeation 

chromatography (27).  These fractions were further separated by conventional 

chromatographic techniques utilizing normal-phase and reversed-phase column (MPLC 

and flash chromatography) and preparative TLC.  Final purification was achieved by 

reversed-phase HPLC.   

 

Figure 10.  Fractionation strategy for isolation of compounds from endophytic fungal 

extracts 

 



 78 

2.3.1.2  Construction of trivalent CD4-mimetic miniproteins: 

 In previous studies by other labs, a series of mini-proteins that mimic the 

conserved CD4-binding pocket of gp120 were developed based on the scaffold of 

scorpion toxin (50, 118).  To further improve upon their findings, we conjugated three 

copies of the more potent miniprotein CD4M33F23 (F23) to a trimesic acid derivative 

through PEG linkers to form a trivalent F23 (Tri-F23).  Following initial experiments 

with Tri-F23, modifications were made to the lengths of the linkers in order to optimize 

binding efficiencies and HIV-1 entry inhibition.  Compounds Trimer-A-F23 (Tri-A), 

Trimer-B-F23 (Tri-B), Trimer-C-F23 (Tri-C), Trimer-PEG2-F23 (TPEG2), Trimer-

PEG3-F23 (TPEG3), Trimer-PEG4-F23 (TPEG4) and Trimer-PEG5-F23 (TPEG5) were 

constructed to this end.  Synthesis of all miniproteins, except sCD4 (Diagnostics, Inc.), 

took place in the lab of Dr. Indraneel Ghosh in the chemistry department at the University 

of Arizona 

 The peptide F23 was synthesized by standard FMOC chemistry on solid phase, 

and cleaved by trifluoroacetic acid (TFA) and scavengers (81.5% TFA, 5% H2O, 5% 

thioanisole, 5% phenol, 2.5% ethandithiol (EDT) and 1% triisopropylsilane (TIS)) for 4 

hours, followed by dropwise addition to cold ether to precipitate the crude peptide.  

Following precipitation, the crude peptide was washed three times with ether, dried and 

stored at -20oC before the folding process.  

To begin folding, 25.3mg of crude peptide was dissolved in 13ml of 6M 

Guanidine solution (9.75ml of 8M Guanidine and 3.25ml of 0.1% TFA in water). 

Sonication was used where necessary. While stirring, the peptide solution was added 
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dropwise into 125ml of 0.1M Tris buffer (pH 7.8) which contained 187.5mg of reduced 

glutathione (5mM).  After the addition was complete, the solution was stirred for 45 

minutes followed by addition of 38mg of oxidized glutathione (0.5mM).  The solution 

was stirred for another 30 minutes, and acidified by 5N HCl to pH 3. The solution was 

filtered with a 0.2 µm Acrodisc syringe filter and the folded F23 was purified by HPLC 

using an acetonitrile gradient of 0% - 75% in 30 minutes. After lyophilization, 5mg of 

purified folded F23 was collected. MS (MALDI): 3156.4 (calculated MS 3156.4). 

The trimeric F23 (Tri-F23) miniprotein was synthesized using 9.5mg of folded 

F23 dissolved in 2ml of water.  From a DTNB test (79), the concentration was 

determined to be 1.06mM based on the free thiol concentration. The folded F23 in 

solution was further diluted by taking 1.74ml of this solution (1.84µmoles) and diluting 

with 5ml of degassed 0.1M phosphate (pH 7.5) and 4ml of acetonitrile.  39µl of 9.45mM 

tri-amine polyethyleneglycol (PEG) (0.37µmoles, 0.2eq.) in DMSO was added to the 

peptide solution and stirred at room temperature for 12 hours. The solution was acidified 

by 5N HCl to pH 3 and filtered with a 0.2µm Acrodisc. The product was purified by 

HPLC using a gradient of 20% - 60% of acetonitrile in water (0.1% TFA) over 40 

minutes. After lyophilization, 2mg of purified Tri-F23 was collected. MS (MALDI): 

10725.3 (calculated MS 10739.8). 

The miniproteins Tri-A, Tri-B, Tri C, TPEG2, TPEG3, TPEG4 and TPEG5 were 

constructed in the same manner as Tri-F23, however different linker (tri-amine PEG) 

lengths were used in an attempt to optimize them.  The linker length for Tri-F23 is 

2.2nm, whereas the lengths for Tri-A through TPEG5 are 1.7, 2.9, 3.4, 3.9, 5.6, 7.3 and 
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9.0nm respectively.  To evaluate the effectiveness of a trivalent approach, divalent 

miniproteins Bi-SL and Bi-ML were also made.  These dimers were constructed in the 

same manner as the trimers, however only two F23 molecules were joined instead of 

three.  All miniproteins synthesized are depicted in Figures 11 and 12. 

 

Figure 11.  Chemical structure of dimeric miniproteins 
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Figure 12. Chemical structure of trimeric miniproteins 

 

2.3.2  Culture of cell lines and peripheral blood mononuclear cells: 

 All cell lines and viruses used in this study were obtained from the National 

Institutes of Health AIDS Research and Reference Reagent Program. 

2.3.2.1  A3.01 and U373-Magi cell line culture: 

 A3.01 cells, a T4-lymphocyte cell line known to support HIV-1 infection, were 

cultured in RPMI 1640 supplemented with 10% fetal bovine serum (FBS), 50U/mL 

penicillin and 50ug/mL streptomycin (Invitrogen).  U373-Magi-CXCR4CEM and U373- 
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Magi-CCR5 cells, cell lines used to evaluate HIV-1 entry, were cultured in Dulbecco’s 

Modified Eagle Media (DMEM) containing 10% FBS, 0.2mg/mL G418, 0.1mg/mL 

hygromycin B, and 1.0µg/mL puromycin.  These cells express the primary receptor, 

CD4, and the coreceptor, either CXCR4 or CCR5, for HIV-1 as well as the β-

galactosidase (β-gal) gene which is driven by the HIV-1 promotor, LTR.  Cells were fed 

every three days with fresh media.  The adherent Magi cells were split at ~90% 

confluency with 0.25% Trypsin-EDTA (Invitrogen) and used for experiments or further 

propagation.   

2.3.2.2  Isolation and culture of peripheral blood mononuclear cells: 

 Whole blood was collected from healthy adult donors at the University of Arizona 

with written consent and approval from the Human Subjects Committee.  Peripheral 

blood mononuclear cells (PBMC) were obtained from the whole blood by single step 

Ficoll-Hypaque (Amersham) density gradient centrifugation.  The mononuclear cells in 

the “buffy coat” layer of the gradient were carefully removed.  PBMC were pelleted by 

centrifugation at 1500rpm for 10 minutes, and washed twice with phosphate-buffered-

saline (PBS) and centrifuges at 1000rpm for 10 minutes to avoid collecting platelets.  The 

PBMC were then resuspended in 5mL of RPMI 1640 supplemented with 10% FBS, 

50U/mL penicillin and 50ug/mL streptomycin (Invitrogen).  Cells were stimulated with 

3µg/mL of PHA for 36-48 hours.  Before use in experiments, the activated PBMC were 

washed twice with PBS.  During infection studies PBMC were fed every three days with 

RPMI 1640 supplemented with 10% FBS, 50U/mL penicillin, 50ug/mL streptomycin, 

20U/mL recombinant human IL-2 and 1mg/mL MCSF (Invitrogen). 
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2.3.3  Evaluation of cytotoxicity of antiviral compounds: 

 MTT assays were used to determine the cytotoxicity of the antiviral 

extracts/compounds used in this study.  MTT is a tetrazoluim salt which is cleaved by 

active mitochondria to form a dark blue formazan product.  Briefly, A3.01 cells were 

plated in 96-well plates at a concentration of 2x105 cells per 100µl.  Enough wells were 

plated to allow for testing of each fungal extract/gp120 inhibitor in duplicate, as well as 

positive, negative, and solvent controls.  For each experiment 3 plates were used, one 

plate for day 3, day 6 and day 9 of the assay.  When the assay was set-up, the 

extracts/compounds were added to the cells of each day’s plate and cultured for 3 days.  

On day 3 of the assay, 50µl of MTT (Sigma) at a concentration of 2mg/mL was added to 

each well of the day 3 plate.  The plate was incubated at 37oC for 4 hours.  Following the 

4 hour incubation, the media was removed.  The cells were lysed and the formazan 

product solubilized using 200µl of DMSO (Sigma).  The color intensity was estimated in 

a microtitre plate reader by scanning the plate at a wavelength of 570nm.  The same 

procedure was used for the further time points in the experiment.  Plates for further days 

in the experiment were given fresh media and extract/inhibitor every three days until the 

end of the experiment. 

2.3.4  Determination of HIV-1 entry inhibition: 

 U373-Magi-CXCR4 and –CCR5 cells were used to determine the effect of the 

antiviral compounds on HIV-1 entry.  These cells are selected to express CD4 and 

CXCR4 or CCR5, as well as the β-galactosidase gene, which is under the control of an 

HIV-1 promoter, LTR.  Once HIV-1 has entered/infected the cells the viral protein Tat is 
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produced which upregulates transcription from LTR, and thus produces the β-

galactosidase protein.  To assess which cells have become infected, the cells are fixed and 

stained with a solution that contains X-gal (5-bromo-4-chloro-3-indolyl-β-D-

galactopyranoside), and any cells that contain the β-galactosidase protein will turn blue. 

All cells and virus used in these experiments were obtained from the National 

Institutes of Health AIDS Research and Reference Reagent Program.  U373-Magi-

CXCR4CEM cells were plated in a 24-well tissue culture plate (Falcon) at ~6x104 cells per 

well and cultured overnight in Dulbecco’s Modified Eagle Media (DMEM) containing 

10% fetal bovine serum FBS, 0.2 mg/mL G418, 0.1 mg/mL hygromycin B, and 1.0 

µg/mL puromycin.  The lab adapted HIV-1 strain NL4-3, 2,500 counts as determined by 

reverse transcriptase assay (11, 178), was combined in a total volume of 500µl with the 

desired compound dilutions in RPMI and incubated at room temperature for one hour.  

The culture media was removed from the cells and replaced with the virus-compound 

mixture.  DEAE-dextran was added to each well at a final concentration of 20 µg/mL.  

After two hours at 370C, the mixture was removed from the cells and 1 mL of culture 

media was added.  The cells were incubated at 370C for 40-48 hours.  The culture media 

was removed and 1 mL of fixing solution (PBS containing 1% formaldehyde and 0.2% 

glutaraldehyde) was added to each well and allowed to incubate at room temperature for 

5 minutes.  After fixation, the cells are washed twice with warm PBS and 1 mL of 

staining solution (PBS containing 4mM KFerroCN, 4mM KFerriCN, 2mM MgCl2 and 

0.4 mg/mL X-gal) was added.  To stain, the cells were incubated at 370C for two hours.  

Staining was terminated by removing the staining solution and washing twice with warm 
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PBS.  The cells were again covered in PBS and the number of infected cells per well was 

determined by assessing β-galactosidase expression using microscopy.  Controls included 

cells that were exposed to virus alone and cells exposed to no virus.  The inhibition of 

viral entry was determined by dividing the number of cells that expressed β-galactosidase 

in the presence of compound by the number of cells that expressed β-galactosidase when 

exposed to virus alone.  All results were replicated in at least three separate experiments. 

2.3.5  Effect of antiviral compounds on HIV-1 replication: 

 A3.01 cells or PBMC were plated at a density of 5 x 105 cells/well in RPMI 

containing no serum.  Extracts to be tested were added at a final concentration of 2µg/mL 

for initial screening.    For experiments testing fractionated extracts, the concentrations 

used were based off of cytotoxicity results.  A control using DMSO was included in each 

experiment at the concentration present in the working solution of the extracts.  For 

experiments testing the CD4 mimetic miniproteins, the concentrations to be tested were 

based off of HIV-1 entry inhibition data obtained from Magi cell experiments.  Controls 

with azidothymidine (AZT) (Sigma-Aldrich) at concentrations of 10µM and 20µM were 

also performed in all experiments.  The lab-adapted HIV-1 viral isolate LAV was used in 

all experiments.  For infections testing fungal extracts, the virus was added at a 

concentration of 50,000 reverse-transcriptase (RT) counts per well.  For infections testing 

the CD4 mimetic miniproteins, 10,000 RT counts per well was used and was first 

incubated with the miniproteins, as in the Magi cell experiments.  In all experiments the 

virus was allowed to adsorb for two hours, at which time any unadsorbed virus was 

removed.  The cells were washed with phosphate buffered saline (PBS), and given fresh 



 86 

media containing serum and the extract/miniprotein at the desired concentration.  Fresh 

media and extract/miniprotein were given to the cells every three days for 18 days.  The 

culture supernant that was removed every three days was saved and the amount of 

progeny virions present was determined by reverse-transcriptase (RT) assay.  Infections 

in the presence of each fungal extract were done in duplicate wells per experiment, and 

each experiment was done in duplicate. Infections in the presence of the CD4 mimetic 

miniproteins was done in triplicate wells per experiment, and each experiment was done 

in duplicate.   

2.3.5.1  Virus quantitation: 

 The levels of HIV-1 in culture were determined via reverse transcriptase (RT) 

assay.  Briefly, the RT assay consisted of 20µl of culture supernatant mixed with 50µl of 

RT cocktail (4mL stock: 125µl 3M KCl, 200µl 0.1M DTT, 250µl poly-A (1mg/mL), 

250µl 1M Tris pH 7.8, 25µl 1MMgCl2, 12.5µl oligo-dT (2mg/mL), 12.5µl 20% NP-40, 

50µl 10% Triton-X, 3.72mL H2O) which contains 1µl 32P-dTTP (800Ci/mmol).  The mix 

was incubated at 37oC for 2 hours, 5µl was spotted onto DE81 paper (Whatman), and the 

paper was rinsed for 5 minutes in 2x SSC buffer (Invitrogen) three times.  The paper was 

then placed into a scintillation vial with 4mL of scintillation cocktail (Universol) and the 

amount of 32P present was determined using a scintillation counter (Beckman).  The 

amount of virus present in the culture was then expressed as counts per minute (cpm) or 

counts per minute per mL (cpm/mL) of culture supernatant. 
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3. RESULTS 

 

3.1 Molecular characterization of the HIV-1 gag nucleocapsid gene 

associated with vertical transmission 

 To determine the molecular properties of the HIV-1 nucleocapsid (NC) gene in 

the context of vertical transmission, the NC gene from six mother-infant pairs was 

analyzed for coding potential, gene variability, epidemiological relationships between 

mother-infant pairs, selection pressure, conservation of functional domains and 

immunological epitopes following vertical transmission.     

 

3.1.1  Phylogenetic analysis of NC and p6 sequences from mother-infant pairs: 
 Multiple independent polymerase chain reactions (PCRs) were performed on 

peripheral blood mononuclear cell (PBMC) DNA from six mother-infant pairs, a total of 

13 patients including one mother who gave birth to HIV-1 positive twins.  Eight to 

eighteen clones from each patient were obtained and sequenced.  The phylogenetic 

analysis was performed using a neighbor-joining tree of the 168 NC and p6 sequences 

from the mother-infant pairs (Fig. 13).  This neighbor-joining tree was generated by 

incorporating a best-fit model of evolution into PAUP (179), and the resulting tree was 

then bootstrapped 1000 times to ensure fidelity.  Analysis of the tree demonstrated that 

the sequences from the six mother-infant pairs form distinct, well separated subtrees, and 

all pairs were separate from the lab control strain HIV-1 isolate NL4-3.  Within each 

subtree the sequences for the mother and infant are generally well separated into subtrees, 
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however some intermingling was observed in pairs B, D, E, and H.  The intermingling of 

mother-infant sequences demonstrates that the isolates from these patients are very 

closely related, and had not as of yet evolved to form separate, distinct subtrees.  Taken 

together the data indicates that epidemiologically linked (mother-infant) patient 

sequences are closer to each other evolutionarily than epidemiologically unlinked 

sequences.  The separation of the mother-infant sequences from each pair and NL4-3 

indicates that no PCR contamination occurred. 

Each pair formed a distinct subtree, and within each subtree the mother and infant 

sequences were generally separated into clusters, although some intermingling was 

observed.  The formation of subtrees indicated that epidemiologically linked mother-

infant pairs were closer to each other evolutionarily than to epidemiologically unlinked 

pairs, and that there was no PCR cross-contamination.  The placement of the HIV-1 lab 

control strain NL4-3 indicates that no PCR contamination occurred. 
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Figure 13.  Phylogenetic analysis of 168 HIV-1 NC sequences from six mother-infant 
pairs.  The neighbor-joining tree is based on the distance calculated between the 
nucleotide sequences from. pairs B, C, D, E, F, and H.  Each terminal node represents 
one NC sequence.  The values on the branches represent the occurrence of that branch 
over 1,000 bootstrap resamplings
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mc.7

mc.9
ic.1

ic.2
ic.5
ic.11

ic.12
ic.15

ic.3
ic.4

ic.13
ic.14

ic.6
ic.7

ic.8
ic.9

ic.10
mb.3

mb.1
mb.2

mb.4
mb.5
mb.6
mb.7

mb.8
mb.9
mb.10
mb.1 1
mb.12
mb.13
ib.1
ib.2

ib.3
ib.4
ib.5
ib.6
ib.7
ib.8
ib.9

ib.10
ib.11

md.8
md.9

md.10
md.1 1

md.12
md.13

md.14
md.15

md.16
md.17
id.4

id.5
id.7

id.12
id.8

id.11
id.9
id.10

id.2
id.3

id.1
id.6

md.1
md.2
md.3

md.4
md.5
md.6

md.7
if.1

if.2
if.3

if.4
if.5

if.6
if.7

if.10
if.11

if.12
if.8
if.9

if.15
if.13

if.14
mf.1

mf.2
mf.3

mf.4
mf.5
mf.6

mf.7
mf.8
mf.11

mf.13
mf.14

mf.15
mf.17
mf.18

mf.9
mf.12

mf.10
mf.16

mh.2
i2h.6
i2h.7

i2h.2
i2h.3

mh.7
mh.3
mh.6

mh.1
mh.4

mh.5
mh.16

i2h.1
i2h.4

i2h.5
mh.8
mh.9
mh.10
mh.1 1
mh.12
mh.13
mh.14
mh.15

i1h.1
i1h.2
i1h.3
i1h.4
i1h.5

i1h.6
i1h.7
i1h.8
i1h.9
i1h.10
i1h.1 1
i2h.8

0.005 substitutions/site
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3.1.2  Coding potential of NC and p6 gene sequences: 

 The multiple sequence alignment of the deduced amino acid sequences of the 

HIV-1 NC and p6 genes is shown in Figures 14-17.  Of the 168 sequences analyzed, 156 

contained an intact open reading frame (ORF), yielding a frequency of 92.8%.  This high 

frequency indicates that the coding potential of the NC and p6 genes was maintained in 

most of the sequences analyzed.  Looking more closely, the frequency of an intact ORF 

for the mothers’ sequences was 89.4%, while the infants’ sequences yielded a frequency 

of 96.3%.  Several clones within mother-infant pair H were found to be defective due to a 

single nucleotide substitution, insertion or deletion, which resulted in the formation of a 

stop codon.  These defective clones in pair H are mainly responsible for lowering the 

frequency of intact ORF, as very few mutations in other pairs led to the formation of a 

stop codon.  There were several patient and pair specific sequence patterns within the NC 

sequences analyzed.  An insertion of proline-threonine-valine (PTV) was seen in the 

sequences of mother-infant pair C at position 78, and an insertion of proline-threonine-

alanine-proline-proline-glutamate (PTAPPE) was observed within several sequences of 

mother D at position 84.  This resulted in a duplication of the PTAP motif within this 

patient.  An amino acid substitution was also present in most of the sequences when 

compared as a whole, a leucine (L) was replaced with a methionine (M), valine (V), 

histidine (H), arginine (R) or glutamine (Q) at position 116. 

3.1.3  Variability of NC and p6 gene sequences in mother-infant pairs: 

 The nucleotide and amino acid distances, which measure the degree of genetic 

variability based on pairwise comparison, were calculated for the six mother-infant pairs’ 
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sequences (Table 2).  The nucleotide sequences within mothers B, C, D, E, F, and H 

varied by 0.26, 0.53, 0.84, 1.13, 0.27, and 5.04% (median values) respectively, ranging 

from 0 to 6.30%.  The infant (B, C, D, E, F, I1H, and I2H) sequences differed by 0, 2.59, 

0.88, 1.11, 1.78, 0, 3.22% (median values) respectively, ranging from 0 to 5.03%.  

Moreover, the nucleotide sequence variability between epidemiologically linked mother-

infant pairs (pairs B, C, D, E, F, and H) varied by 0, 3.16, 1.13, 1.12, 1.99, and 1.87% 

(median values) respectively, and ranged from 0 to 6.66%.  In addition, the deduced 

amino acid sequence variability of NC and p6 within mothers (B, C, D, E, F, and H) 

differed by 0, 0.80, 0.81, 2.47, 0.81, and 4.12% (median values) respectively, ranging 

from 0 to 13.05%. Furthermore, the infants’ (B, C, D, E, F, I1H, and I2H) amino acid 

sequences varied by 0, 4.05, 1.63, 1.63, 2.45, 0, and 2.04% (median values) respectively, 

and ranged from 0 to 9.31%.  The amino acid sequence variability between 

epidemiologically linked mother-infant pairs (pairs B, C, D, E, F, and H) varied by 0, 

5.74, 1.63, 2.47, 3.28, and 3.28% (median values) respectively, and ranged from 0 to 

14.55%.  The nucleotide and amino acid sequence variability was also calculated between 

epidemiologically unlinked individuals.  It was determined that the nucleotide distances 

gave a median value of 7.68, while the amino acid distances produced a median of 14.68.  

A comparison revealed that the variability between epidemiologically linked mother-

infant pairs was lower than the variability between epidemiologically unlinked 

individuals.  This indicates that epidemiologically linked sequences were closer to each 

other evolutionarily than to unlinked sequences.   
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Table 2:  Nucleotide and amino acid distances of the NC and p6 sequences from mother 

sets, infant sets, and between mother-infant pairs. 

M: Mother; I: Infant.  Min: Minimum; Med: Median; Max: Maximum.  Totals were 

calculated for all pairs together. 

 

 We also evaluated if the low variability of NC sequences seen in our mother-

infant pair isolates was due to errors made by Platinum Pfx Taq polymerase used in our 

Nucleotide Distances
Pair Within Mother Within Infant Between Mother

and Infant
Min Med Max Min Med Max Min Med Max

B 0 0.26 0.80 0 0 0.80 0 0 1.10
C 0 0.53 2.12 0 2.26 3.77 0 2.94 5.44
D 0 0.84 2.03 0 0.88 2.57 0 1.13 3.18
E 0 1.13 2.37 0 1.11 2.39 0 1.12 2.68
F 0 0.27 1.62 0 1.78 3.70 0 1.99 4.82
H 0 1.89 6.30 - - - 0 1.62 6.28

I1H - - - 0 0 0.27 - - -
I2H - - - 0 3.22 5.03 - - -

Total 0 0.53 6.30 0 1.16 5.03 0 1.38 6.28

Amino Acid Distances
Pair Within Mother Within Infant Between Mother

and Infant
Min Med Max Min Med Max Min Med Max

B 0 0 4.12 0 0 1.63 0 0 4.12
C 0 0.8 4.89 0 4.05 7.49 0 5.74 14.55
D 0 0.81 4.12 0 1.63 4.12 0 1.63 5.87
E 0 2.47 6.74 0 1.63 4.97 0 2.47 6.74
F 0 0.81 3.28 0 2.45 5.82 0 3.28 8.43
H 0 4.12 13.05 - - - 0 3.28 13.05

I1H - - - 0 0 0 - - -
I2H - - - 0 2.04 9.31 - - -

Total 0 0.81 13.05 0 1.63 9.31 0 2.45 14.55
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study.  We did not find any errors made by the Taq polymerase when we used a known 

sequence of HIV-1 NL4-3 for PCR amplification and DNA sequencing of the NC gene.  

3.1.4  Dynamics of HIV-1 NC and p6 gene evolution in mother-infant pairs:   

Different models of evolution were suggested by Modeltest 3.06 (147) based on 

maximum likelihood estimates and chi square tests that were performed by the program.  

The estimates of genetic diversity of the NC and p6 sequences obtained were determined 

using the Watterson model, which assumes segregated sites, and the Coalesce model, 

which assumes a constant population size.  These estimates of genetic diversity are 

displayed as theta values, and represent the rate of mutation per site per generation (Table 

3).  The Watterson model estimated the level of genetic diversity within infected mothers 

to be 0.014, and within infected infants to be 0.015.  Slightly greater estimates were 

obtained using the Coalesce method, with the genetic diversity between mothers being 

0.014, and between infants 0.029.  Together these data suggest that both the mother and 

infant populations evolved slowly and at similar rates.  The difference between the 

estimates of genetic diversity between the mother and infant sequences, using either 

method, is not statistically significant.  
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Table 3:  Estimates of genetic diversity of the NC and p6 sequences from six HIV-1 

infected mother-infant pairs involved in vertical transmission. 

 

 

 

 

 

 

 

 
θw: viral diversity as estimated by the Watterson method. 
θc: viral diversity as estimated by the Coalesce method. 

Totals were calculated as the average of all values. 
 

3.1.5  Rates of accumulation of non-synonymous and synonymous substitutions:    

 The ratio of the accumulation of non-synonymous (dn) to synonymous 

substitutions (ds) was used to estimate the selection pressure on the NC and p6 gene by 

using a model modified by Nielson and Yang (138), which was then implemented by 

codeML (201).  The advantage of the codeML method lies in the fact that this model 

views the codon as the unit of evolution, as opposed to the nucleotide which is used in 

other models (135).  Moreover, the Nielson and Yang model does not assume that all 

sites within a sequence are under the same selection pressure.  This gives a more realistic 

view of evolution because mutations, in some cases leading to only a single amino acid 

change, can be more advantageous or deleterious in some regions of a protein compared 

Patient Within Mothers Within Infants 
 θw θc θw θc 

B 0.004 0.009 0.003 0.002 
C 0.011 0.017 0.031 0.075 

D 0.022 0.017 0.011 0.020 

E 0.016 0.015 0.015 0.024 
F 0.009 0.011 0.025 0.061 

H 0.023 0.016 - - 

I1H - - 0.001 0.001 
I2H - - 0.017 0.017 

Total 0.014 0.014 0.015 0.029 
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to others, and thus undergoes positive or purifying selection.  In addition the dn/ds ratio 

that is calculated determines the selection pressure acting upon the changes within the 

codon, with a dn/ds ratio of greater than 1 indicating that positive selection pressure is 

present.  Not only does this model determine positive selection pressure, it also calculates 

the percentage of mutations that are selected.  The percent of mutations that result in the 

conservation of amino acide fall in the p1 category, the mutations that result in a neutral 

change in amino acid are in the p2 category, and the positively selected mutations which 

result in the formation of a new amino acid are in the p3 category.  The estimations of the 

dn/ds ratio calculated on mutations in the p3 category, as well as the percentage of 

mutations in each category (p1, p2, and p3) for each patient sample are given in Table 4.  

All of the sequence populations analyzed displayed a dn/ds ratio greater than or equal to 

1.   

In general, the mother sequences displayed a higher percentage of positively 

selected p3 sites compared to the infants.  Within mothers, almost 100% of the mutations 

in mothers B, C, and F were positively selected.  Although mother D and mother H have 

the highest dn/ds values, less than 1% of the mutations are positively selected.  Most of 

the mutations in mother D and mother H are neutral.  When compared to the mothers, 

infants have less than 3% of mutations that are positively selected, with the exceptions of 

infant D and the second infant H twin (I2H).  In contrast to the mothers, the infants have 

a more even distribution of conserved and neutral mutations.  It is interesting to note that 

in four of the seven infants, over 50% of the mutations observed were neutral mutations.  

This higher proportion of p2 sites in infants was also seen in analysis of the nef and 
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reverse transcriptase (RT) genes (70, 177).  The positive selection pressure acting on 

these patient sequences was estimated in codeML using both neutral models and positive 

selection models.  In patients where a substantial proportion of mutations were in the p3 

category, the positive selection model was significant over the neutral model (data not 

shown).  These data indicate that a higher percentage of mutations are positively selected 

in mothers as compared to infants, however positive selection pressure was observed 

when analyzing the NC gene sequences from both the mother and infant patient samples. 

 

Table 4:  Ratio of nonsynonymous (dn) to synonymous (ds) substitutions in NC 

sequences from six HIV-1 infected mother-infant pairs involved in vertical transmission. 

Pair Mothers Infants 
 N p1 p2 p3 dn/ds N p1 p2 p3 dn/ds 

B 13 0 0 100 1.37 11 0 100 0 1.00 
C 9 0 0 100 1.51 15 11.72 86.09 2.19 22.84 
D 17 0 99.02 0.98 68.79 12 87.26 0 12.74 6.75 
E 11 83.68 0 16.32 33.75 12 48.04 51.02 0.94 37.57 
F 18 0.03 0 99.97 1.20 15 21.48 77.20 1.32 9.00 
H 16 0 100 0 89.00 - - - - - 

I1H - - - - - 11 100 0 0 21.24 
I2H - - - - - 8 68.65 0 31.34 5.47 

Total 84 13.95 33.17 52.88 32.60 84 48.16 44.90 6.94 14.82 
 

N: Number of clones sequenced 
p1: proportion of conserved codons as a percent 
p2: proportion of neutral codons as a percent 
p3: proportion of positively selected codons as a percent 
dn/ds: dn/ds ratio at p3 
Totals were calculated as the average of all values. 
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3.1.6  Analysis of functional domains of NC and p6 within mother-infant pairs:  

 The function of the HIV-1 NC protein is to bind to viral RNA and DNA.  This 

protein contains two zinc fingers and many basic amino acids that allow it to interact with 

the viral nucleic acids.  The critical residues of the zinc fingers consist of three cysteines 

and one histidine, and have the sequence C-X2-C-X4-H-X4-C, with X representing any 

amino acid, and are located at positions 16 to 29 and 37 to 50 within the NC protein (72).  

The critical residues within these zinc fingers are located at positions 16, 19, 24, and 29 

in the first zinc finger and positions 37, 40, 45, and 50 in the second zinc finger.  A 

mutation at any of these critical residues abolishes the ability of these functional domains 

to bind the zinc cofactor, which will lead to improper folding of the protein (113, 155).  

Analysis of the first zinc finger sequence from the six mother-infant pairs shows that of 

the 168 sequences acquired, only two contained mutations at the critical residues (Figs. 

14-17).  Infant C clone 2 (IC-2) contained the substitution C19R, and mother B clone 2 

(MB-2) (Fig. 14) contained the substitution H24Y.  Furthermore, the second zinc finger 

contained substitutions at the critical residues in only one clone; infant C clone 3 (IC-3) 

contained an H45Y substitution (Fig. 14).  However some sequences within mother H 

and the second infant H twin (I2H) contain substitutions that resulted in the formation of 

a stop codon at position 38 within the second zinc finger (Fig. 17).  These stop codons 

would result in a truncation in the second zinc finger, and would result in only one 

functional zinc finger (the first zinc finger) within the NC protein of these clones.  When 

two zinc fingers are present, the first generally tends to play a more critical role (72, 145), 

however removal of the second zinc finger function has been shown to greatly decrease 
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the annealing capacity of the NC protein (72, 113).  Despite these exceptions, the critical 

residues of both zinc fingers within the mother-infant NC sequences were highly 

conserved. 

 There are several basic residues, arginine (R), lysine (K), or histidine (H), within 

the NC protein that also allow it to function.  Of the 56 amino acids that make up the NC 

protein, 17 are basic (57).  These basic residues spread throughout the protein and are 

responsible for interacting with the side chains on viral nucleic acids (48, 145).  

Mutations in these basic residues has been shown to reduce RNA binding and 

encapsidation (57).  Analysis of the sequences from the mother-infant pairs shows that 

there are substitutions at many of the basic residues.  However looking more in depth, a 

majority of the substitutions are from one basic amino acid to another.  Furthermore, 

there are several substitutions from non-basic to basic residues throughout the protein 

sequences obtained, and some of these substitutions are compensatory mutations for 

changes from a basic amino acid elsewhere within the sequence (Figs. 14-17).  While 

there are several substitutions involving basic amino acids within the NC protein 

sequences from the six mother-infant pairs, the presence of several basic residues 

throughout the protein sequences is highly conserved. 

 The p6 gene was also sequenced as a result of sequencing the NC gene.  The p6 

protein contains two major functional domains, the viral late domain located at positions 

79 to 83, and the Vpr binding domains located at positions 87 to 90 and 107 to 118 (97, 

111, 209).  The late domain contains the sequence proline-threonine-alanine-proline-

proline (PTAPP) and is responsible for ensuring proper budding of a newly formed virion 
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from the host cell membrane (58, 188).  The prolines at positions 82 and 83 have 

especially been shown to be critical for Tsg101 binding (188).  Analysis of the p6 protein 

sequences from the six mother-infant pairs revealed that the late domains, especially the 

critical prolines, are conserved in most of the sequences obtained (Figs. 14-17).  

Interestingly, in several sequences from mother D there is a duplication of the late 

domain (Fig. 15).  It has been shown that duplication of this domain could be linked to 

antiretroviral drug resistance (85, 143).  However since mother D has not been exposed to 

antiretroviral drugs (Table 1), this duplication must have arisen naturally or was present 

in the virus that was initially transmitted to mother D.  In general, the late domain of the 

p6 protein from the mother-infant pairs was highly conserved. 

 The Vpr binding domain could be located in two possible positions within the p6 

protein sequences of the six mother-infant pairs, either positions 87 to 90 or 107 to 118 

(97, 111, 209) (Figs. 14-17).  The domain located at positions 87 to 107 has the sequence 

phenylalanine-arginine-phenylalanine-glycine (FRFG) (209), while the domain at 

positions 107 to 118 has the sequence leucine-XX-leucine-XX-leucine-XX-leucine-XX 

((LXX) 4)(111), with X representing any amino acid.   These Vpr binding domains are 

responsible for inclusion of the viral accessory protein Vpr into newly forming virions.  

Analysis of the protein sequences from the mother-infant pairs revealed that while the 

FRFG Vpr binding domain was mostly conserved, there were some notable exceptions.  

There were single amino acid substitutions within the domain in every clone of mother 

and infant F (pair F), infant C (IC), and infant D (ID) (Figs. 14-16).  It has been shown 

that mutations at either of the two phenylalanines within the FRFG domain, which is seen 
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in pair F and infant D, causes a loss of Vpr packaging within virions; while a substitution 

at the arginine site, which is seen in infant C, seems to have little to no effect (209).  In 

spite of these exceptions however, the FRFG Vpr binding domain within the six mother-

infant pairs analyzed was mostly conserved.  Analyzing the protein sequences also 

showed that the (LXX)4 domain was also mostly conserved within the sequences 

obtained, except for the first leucine in every clone.  This first leucine was substituted 

with either a methionine (M), a valine (V), a histidine (H), an arginine (R), or a glutamine 

(Q) (Figs. 14-17).  A change in this first leucine has been shown to decrease Vpr binding 

(111).  The third and fourth leucine have been shown to be critical for Vpr inclusion (17, 

97), and these residues are highly conserved within the mother-infant sequences obtained.  

As with the FRFG domain, the (LXX)4 Vpr binding was mostly conserved within the 

sequences of the mother-infant pairs analyzed. 

 The p6 gene product also contains a region, from amino acid positions 31-46 with 

the sequence DKELYPLASLRSLFG that is responsible for interacting with the host cell 

factor AIP1 (171).  This motif within the mother-infant pair sequences was mostly 

conserved, however every clone analyzed contained a substitution at the first leucine, as 

also seen in the (LXX)4 domain (Figs 14-17).  Mother and infant C (pair C) (Fig. 14) and 

mother and infant D (pair D) (Fig. 15) also contained additional substitutions within the 

AIP1 binding domain.  It is not known at this time what effect these substitutions would 

have on the interaction of p6 with AIP1.  Despite these exceptions, the AIP1 binding 

domain was mostly conserved within the six mother-infant pairs’ sequences obtained.     



 101 

 In addition to the substitutions mentioned, there were several other substitutions 

that occurred outside of the functional domains.  The effect that these changes would 

have is not known at this time.   

 

 



 102 

 
 
   NUCLEOCAPSID GENE PRODUCT (p7)      p6 GENE PRODUCT 
 
 

       Zinc finger #1  Zinc finger #2       Late Domain             Vpr binding domains 
 

1                                                                                                                                               133 
ConBNC  MMQRGNFRNQ RKTVKCFNCG KEGHIAKNCR APRKKGCWKC GKEGHQMKDC TERQANFLGK IWPSHKGRPG NFLQSRPE.. .PTAPPE... ...ESFRFGE ETTTPSQKQE PIDKELYPLA SLRSLFGNDP SSQ 
  MB-1  .......K.. ..F....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  MB-2  .......K.. ..I....... .A.Y..R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  MB-3  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  MB-4  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  MB-5  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  MB-6  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  MB-7  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  MB-8  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... ..K....... ... 
  MB-9  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
 MB-10  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
 MB-11  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... ... 
 MB-12  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
 MB-13  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
 MB-14  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  IB-1  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  IB-2  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  IB-3  .......K.. ..I....... ......R... .......... .......... .......... .......... ....N..... .......... .......... .......... T....M.... .......... ... 
  IB-4  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  IB-5  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  IB-6  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  IB-7  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  IB-8  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
  IB-9  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
 IB-10  .......K.. ..I....K.. ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
 IB-11  .......K.. ..I....... ......R... .......... .......... .......... .......... .......... .......... .......... .......... T....M.... .......... ... 
   
  MC-1  ...K...... ..I....... ......R... .......... ........E. ...R...... .......... ........PT V.....V... .......... .....P.... .....H...T A......... L.. 
  MC-2  ...K...... ..I....... ......R... .......... ........E. ...R...... .......... ........PT V.....V... .......... .....P.... .....H...T A......... L.. 
  MC-3  ...K...... ..I....... ......R... .......... ........E. .......... T......... ........PT V.....V... .......... .....P.... .....H...T A......... L.. 
  MC-4  ...K...... ..I....... ......R... .......... ........E. .......... .......... ........PT V.....V... .......... .....P.... .....H...T A......... L.. 
  MC-5  ...K...... ..I....... ......R... .......... ........E. .......... .......... ........PT V.....V... .......... .....P.... .....H...T A......... L.. 
  MC-6  ...K...... ..I....... ......R... .......... ........E. .......... .......... ........PT V.....V... .......... .....P.... .....H...T A......... L.. 
  MC-7  ..HK.....L .NI....... ......R... ..K....... ........E. .......... .......... ........PT V.....V... .......... .....P.... ..H..H...T A......... L.. 
  MC-8  ...K...... ..I....... ......R... .......... ........E. .......... .......... ........PT V..V..V... .......... .....P.... .....H...T A......... L.. 
  MC-9  ...K...... ..I....... ......R... .......... ........E. .......... .......... ........PT V.....V... .......... ..R..P.... .....H...T A......... L.. 
  IC-1  ...K...K.. ..I....... ......R..K .......... ......I... .......... ....Y..... ........PT V.....A... ......K... .......... .....H...T A.....D... ... 
  IC-2  ...K...K.. ..I.....R. ......R..K .......... ......I... .......... ....Y..... ........PT V.....A... ......K... .....P.... .....H...T T......... L.. 
  IC-3  ...K...KL. ..I....... ......R..K .......... ....Y.I... .......... ....Y..... ........PT V.....A... ......K... .....P.... .....H...T A......... L.. 
  IC-4  ...K...KH. ..I....... ......R..K .......... ......I... .......... ....Y..... ........PT V.....A... ......K... .....P.... .....H...T A......... L.. 
  IC-5  ...K...KH. ..I....... ......R..K .......... ......I... ....T..... ....Y..... ........PT V.....A... ......K... .....P.... .....H...T A......... ... 
  IC-6  ...G.K.K.. ..I....... ......R... ....R..... ......I... .......... ....Y..... ........PT V.....A... ......K... .....P.... .....H...T A......... L.. 
  IC-7  ...G.K.K.. ..I....... ......R... .......... ......I... .......... ....Y..... ........PT V.....A... ......K... .....P.... .....H...T A......... ... 
  IC-8  ...G.K.K.. ..I....... ......R... .......... ......I... .......... ....Y..... ........PT V....LA... ......K... .....P.... L....HF..T A......... ... 
  IC-9  ...G.K.K.. ..I......S ......R... .......... ......I... .......... ....Y..... ........PT V.....A... ......K... .....P.... .....H...T A......... L.. 
 IC-10  ...G.K.K.. ..I....... ......R... .......... ......I... .......... ....Y..... ........PT V.....A... ......K... .....P.... .....H...T A...H..... L.. 
 IC-11  ...K...K.. ..I....... ......R... .......... ......I... .......... ....Y..... ........PT V.....A... ......K... .....P.... .....H...T A......... ... 
 IC-12  ...K...K.. .R........ ......R... .......... ......I... .......... ....Y..... ........PT V.....A... ......K... .....P.... .....H...T A......... L.. 
 IC-13  ...K...KH. ..I....... ..R...R... .......... ......I... .......... .......... ........PT V.....A... ......K... .....P.... .....H...T A......... ... 
 IC-14  ...K...KH. ..I....... ......R... .......... ......I... .......... .......... ........PT V.....A... ......K... .....P.... .....H...T T......... ... 
 IC-15  ...K...KH. ..I....I.. ......R... .......... .......... .......... ....Y..... ........PT V.....A... ......K... .....P.... L.N..H...T A......... L.. 
 

Figure 14.  Multiple sequence alignment of Pair B and Pair C clones of HIV-1 NC 
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   NUCLEOCAPSID GENE PRODUCT (p7)      p6 GENE PRODUCT 
 
 
            Zinc finger #1         Zinc finger #2       Late Domain            Vpr binding domains 
        1                  133 
ConBNC  MMQRGNFRNQ RKTVKCFNCG KEGHIAKNCR APRKKGCWKC GKEGHQMKDC TERQANFLGK IWPSHKGRPG NFLQSRPE.. .PTAPPE... ...ESFRFGE ETTTPSQKQE PIDKELYPLA SLRSLFGNDP SSQ 
  MD-1  .......K.. .......... ......R... .......... .......... .......... .......... .......... .......... .......... .......... ...R.M...T .......... ..T 
  MD-2  .......K.. .......... ......R... .......... .......... .......... .......... .......... .......... .......... .......... ...R.M...T .......... ..T 
  MD-3  .......K.. .......... ......R... .......... .......... .......... .......... .......... .......... .......... .......... ...R.M...T .......... ..T 
  MD-4  .......K.. .......... .....VR... .......... .......... .......... .......... .......... .......... ..E......D .......... ...R.M...T .......... ..T 
  MD-5  .......K.. .......... ......R... .......... .......... .......... .......... .......... .......... .......... .......... ...R.M...T .......... ..T 
  MD-6  .......K.. .......... ......R... .......... .......... .......... .......... .......... .......... .......... .......... ...R.M...T .......... ..T 
  MD-7  .......K.. .......... ......R... .......... .......... .......... .......... .......... .......... .......... .......... ...W.M...T .......... ..T 
  MD-8  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......PTA PPE.....E. .......... ...R.M...T .......... ..T 
  MD-9  .......K.. .......... .....VR... ..G....... .......... .......... .......... ....N..... .......PTA PPE....... .......... ...R.M...T .......... ..T 
 MD-10  .......K.. .......... ......R... .......... .......... .......... ........S. ....N..... .......PTA PPE....... .......... ...R.M...T .......... ..T 
 MD-11  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......PTA PPE....... .......... ...R.M...T .......... ..T 
 MD-12  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......PTA PPE....... .......... ...R.M...T .......... ..T 
 MD-13  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......PTA PPE....... .......... ...R.M...T .......... ..T 
 MD-14  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......PTA PPE....... .......... ...R.M...T .......... ..T 
 MD-15  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......PTV PPE....... .......... ...R.M...T .......... ..T 
 MD-16  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......PTA PPE....... .......... ...R.M...T .......... ..T 
 MD-17  .......K.. .......... .....VR... ....R..... .....R.... .......... .......... ....N..... .......PTA PPE....... .......... ...R.M...T .......... ..T 
  ID-1  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......... .....V.... .......... ...R.M...T ..K....... ..T 
  ID-2  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......... .....V.... .......... ...R.M...T ..K....... ..T 
  ID-3  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......... .....V.... .......... ...R.M...T ..K....... ..T 
  ID-4  ....D..K.. .......... ......R... .......... .......... .......... .......... ....N..... .......... .....L.... .......... ...R.M...T .......... ..T 
  ID-5  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......... .....V.... .......... ...R.M...T .......... ..T 
  ID-6  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......... .....V.... .......... ...R.M...T .......... ..T 
  ID-7  .......K.. .......... ......R... ....R..... .......... .......... .......... ....N..... .......... .....V.... .......... .K.R.M...T .......... ..T 
  ID-8  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... ...T...... .....V.... .......... ...R.M...T A......... ..T 
  ID-9  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......... .....L.... .......... ...R.M...T A......... ..T 
 ID-10  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......... .....L.... .......... ...R.M...T A......... ..T 
 ID-11  .......K.. .......... .......... .......... .......... .......... .......... ....N..... ...T...... .....V.... .......... ...R.M...T A......... ..T 
 ID-12  .......K.. .......... ......R... .......... .......... .......... .......... ....N..... .......... .....L.... .......... .K.R.M...T .......... ..T 
   
  ME-1  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... ..S....... .......... .....P.... .T...V.... .......... ... 
  ME-2  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... .......... .......... .....V.... .......... ... 
  ME-3  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... ..S....... .......... .....P.... .T...V.... .......... ... 
  ME-4  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... ..S....... .......... .....P.... .T...V.... .......... ... 
  ME-5  ...K...... KRN....... ......R... .......... ........E. .......... .......... ....N..... .......... .......... .......... .....V.... .......... ... 
  ME-6  ...K...... KRN....... ......R... .......... ........E. .......... .......... ....N..... ..S....... .......... .......... .....V.... .......... ... 
  ME-7  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... .......... .....P.... LT...V.... .......... ... 
  ME-8  ...K...... ..N....... ......R... ....R..... ........E. I......... .......... ....N..... ..S....... .......... .....P.... .T...V.... .......... ... 
  ME-9  ...K...... KRN....... ......R... .......... ........E. .......... .......... ....N..... .......... .......... .......... S....V.... .......... ... 
 ME-10  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... ......M... .......... .....V.... .......... ... 
 ME-11  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... ..S....... ......G... .....P.... .T...V.... .......... ... 
  IE-1  ...K...... ..N....... .K....R... .......... ........E. .......... .......... ..F.N..... ..S....... .......... .......... .K...V.... .......... ... 
  IE-2  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... .....L.... .......... .K...V.... .......... ... 
  IE-3  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... .....L.... .......... .....V.... .......... ... 
  IE-4  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... .....L.... .......... .K........ .......... .P. 
  IE-5  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... .......... .I........ .....V.... .......... ... 
  IE-6  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... .....L.... .......... .....V.... .......... ... 
  IE-7  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... .....L.... .......... .....V.... .......... ... 
  IE-8  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... .......... .......... .....V.... .......... ... 
  IE-9  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... .....L.... .......... .....V.... .......... ... 
 IE-10  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... .......... .....P.... ..N..V.... .......... ... 
 IE-11  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... .......... .......... .K...V.... .......... ... 
 IE-12  ...K...... ..N....... ......R... .......... ........E. .......... .......... ....N..... .......... .....L.... .......... .....V.... .......... ... 

Figure 15.  Multiple sequence alignment of Pair D and Pair E clones of HIV-1 NC 
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ConBNC  MMQRGNFRNQ RKTVKCFNCG KEGHIAKNCR APRKKGCWKC GKEGHQMKDC TERQANFLGK IWPSHKGRPG NFLQSRPE.. .PTAPPE... ...ESFRFGE ETTTPSQKQE PIDKELYPLA SLRSLFGNDP SSQ 
  MF-1  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .......... ... 
  MF-2  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... ..I....... ....N..C.. .......... A....M.... .......... ... 
  MF-3  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... ...P...... ... 
  MF-4  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .......... ... 
  MF-5  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .......... ... 
  MF-6  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .......... ... 
  MF-7  ...K...G.K G.I....... RV..T..... T......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....V.... .......... ... 
  MF-8  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .......... ... 
  MF-9  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .........T ... 
 MF-10  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .......... ... 
 MF-11  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .......... ... 
 MF-12  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .........T ... 
 MF-13  ...K...G.K G.I....... .V........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .......... ... 
 MF-14  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .....I.N.. ... 
 MF-15  ...K...G.K G.I....... RV........ .......... .......... ...R...... ....Y..... .......... .......... ....N..C.. .......... A....M.... .......... ... 
 MF-16  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .......... ... 
 MF-17  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .......... ... 
 MF-18  ...K...G.K G.I....... RV........ .......... .......... .......... ....Y..... .......... .......... ....N..C.. .......... A....M.... .......... ... 
  IF-1  .......G.K G.I....... RV........ .......... .......... .......... .......... .......... .......... ....N..C.. .......... T....M...T .......... ... 
  IF-2  .......G.K G.I....... RV.....I.. .......... .......... .......... .......... .......... .......... ....N..C.. .......... T....M.... .......... ... 
  IF-3  .S.....G.K G.I....... RA........ .......... .......... .......... .......... .......... .....Q.... ....N..C.. .......... T....M.... .......... ... 
  IF-4  .......G.K G.I....... RA........ .......... .......... .......... .......... .......... .......... ....N..C.G .......... T....M.... .......... ... 
  IF-5  .......G.K G.I....... RA........ .......... .......... .......... .......... .......... .......... ....N..C.. .......... T....M.... .......... ... 
  IF-6  .......G.K G.IF...... RA........ .......... .......... .......... .......... .......... .......... ....N..C.. .......... T....M.... ......DN.. .A. 
  IF-7  .....K.G.K G.I....... RA........ .......... .......... .......... .......... .......... .......... ....N..... .......... T....M.... .......... ... 
  IF-8  .......G.K G.I....... RV........ .......... .......... .......... .......... .......... .......... ....N..C.. .......... T....M.... .......... ... 
  IF-9  .......G.K G.I....... RV........ .......... .......... .......... .......... .......... .......... ....N..C.. .......... T....M.... .......... ... 
 IF-10  .......G.K G.I....... RA........ .......... .......... .......... .......... .......... .......... ....N..C.. .......... T....M.... .......... ... 
 IF-11  ...K...G.K G.I....... RA........ .......... .......... .......... .........R .......... .......... ....N..CR. .......... T....M.... .......... ... 
 IF-12  .......G.K G.I....... RV........ .......... .......... .K........ .......... .......... .......... ....N..C.. .......... T....M.... ..I.....H. ... 
 IF-13  .......G.K G.I....... RV........ .......... .......... .......... .......... .......... .......... ....N..C.. .......... A....V.... .......... ... 
 IF-14  .......G.K G.I......D RA........ .......... .......... .......... .......... .......... .......... ....N..C.. .......... A....V.... .......... ... 
 IF-15  .......G.K G.I....... RV........ .......... .......... .......... .......... .......... .......... ....N..C.. .......... A....V.... .......... ... 
   
   

Figure 16.  Multiple sequence alignment of Pair F clones of HIV-1 NC 
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  MH-1  .......... .......... .......... ..K....... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
  MH-2  .......... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
  MH-3  .......... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... QT...R.... .P........ L.. 
  MH-4  .......... .......... .......... ..K....... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
  MH-5  .......... .......... .......... ..K....... .......... I........R .......... .......... .......... .......... ..A.....*. S....R.... .......... L.. 
  MH-6  .......... .......... .......... ......Y... .......... I........R .......... .......... .......... .......... ..A....... QT...R.... .......... L.. 
  MH-7  .......... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... QT...R...P .......... L.. 
  MH-8  .......K.. .........S ..R....... .......*.. K..R...... IK......R. ......R... .......... .......... ........K. ..A....... S....Q.... .......... L.. 
  MH-9  .......K.. .........S ..R....... .......*.. K..R...... IK......R. ......R... .......... .......... ........K. ..A....... S....Q.... .......... L.. 
 MH-10  .......K.. .........S ..R....... .......*.. K..R...... IK......R. ......R... .......... .......... ........K. ..A....... S....Q.... .......... L.. 
 MH-11  .......K.. .........S ..R....... .......*.. K..R...... IK......R. ......R... .......... .......... ........K. ..A....... S....Q.... .......... L.. 
 MH-12  .......K.. .........S ..R....... .......*.. K..R...... IK......R. ......R... .......... .......... ........K. ..A....... S....Q.... .......... L.. 
 MH-13  .......K.. .........S ..R....... .......*.. K..R...... IK......R. ......R... .......... .......... ........K. ..A....... S....Q.... .......... L.. 
 MH-14  .......K.. .........S ..R....... .......*.. K..R...... IK......R. ......R... .......... .......... ........K. ..A....... S....Q.... .......... L.. 
 MH-15  .......K.. .........S ..R....... .......*.. K..R...... IK......R. ......R... .......... .......... ........K. ..A....... S....Q.... .......... L.. 
 MH-16  .......... .N........ .......... ..K....... .......... I........R .......... .......... .......... .......... ..A....... S....R.... ........*. L.. 
 I1H-1  ...K...... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
 I1H-2  ...K...... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
 I1H-3  ...K...... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
 I1H-4  ...K...... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
 I1H-5  ...K...... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
 I1H-6  ...K...... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
 I1H-7  ...K...... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
 I1H-8  ...K...... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
 I1H-9  ...K...... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
I1H-10  ...K...... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
I1H-11  ...K...... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
 I2H-1  ...K...... ..A....... ..R....... .......*.. R......... I.......R. .........R .......... .......... ........K. ..A....... S....R.... .......... L.. 
 I2H-2  .......... .......... .......... .......... .......... I........R .R........ .......... .......... .......... .......... S....R.... .......... L.. 
 I2H-3  .......... .......... .......... .......... .......... I........R .R........ .......... .......... .......... .......... S....R.... .......... L.. 
 I2H-4  .......... .......... ..R....... .......*.. R......... I.......R. .........R .......... .......... ........K. ..A....... S....R.... .......... L.. 
 I2H-5  .......... .......... ..R....... .......*.. R......... I...T...R. .........R .......... .......... ........K. ..A....... S....R.... .......... L.. 
 I2H-6  .......... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
 I2H-7  .......... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
 I2H-8  ...K...... .......... .......... .......... .......... I........R .......... .......... .......... .......... ..A....... S....R.... .......... L.. 
 

Figure 17.  Multiple sequence alignment of Pair H clones of HIV-1 NC 
 
Figures 14-17  show multiple sequence alignments of deduced amino acids of NC from six mother-infant pairs.  Within the 
alignment, the top sequence is the NC consensus B (ConBNC) sequence to which the mother-infant pair sequences are 
compared.  Each line of the alignment represents one clone sequence, and is identified by a clone number with M referring to 
mother and I referring to infants.  The dots represent agreement with the consensus sequence, while substitutions are 
represented by a single letter amino acid code.  Stop codons are shown as asterisks (*).  The functional domains within the NC 
sequence are indicated above the alignment.
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3.1.7  Analysis of immunologically relevant mutations within the CTL epitopes of 

NC and p6: 

 The cytotoxic T-lymphocyte (CTL) response is known to contribute a significant 

portion of the body’s immune response to an HIV-1 infection.  In patients with a strong 

CTL response, there has been shown to be a decrease in the viral load within the patient 

and a long-term non-progressor disease status (206).  It has also been shown that mothers 

who transmit the virus to their infants have an increased number of CTL escape variants 

when compared to non-transmitting mothers (196).  This could demonstrate a correlation 

between the amount of CTL escape variants circulating in the mothers’ bloodstream and 

the likelihood of vertical transmission of the virus.  There have been several CTL 

epitopes identified within the NC and p6 proteins, however it should be noted that HLA 

typing was not performed on the mother or infant samples at the time of blood collection.  

The first epitope within the NC protein has the sequence CRAPRKKGC and is located 

between amino acid positions 28 and 36 

(http://www.hiv.lanl.gov/content/immunology/ctl_search).  This epitope is recognized by 

HLA-B14 and contains the last cystine of the first zinc finger, and the first cystine of the 

second zinc finger.  Analysis of the NC amino acid sequences from the six mother-infant 

pairs revealed that this epitope was highly conserved in most of the clones that were 

obtained (Figs. 2-4).  Another CTL epitope, KEGHQMKDCTERQANF, is located at 

amino acid positions 42-57 and is recognized by several HLA types 

(http://www.hiv.lanl.gov/content/immunology/ctl_search).  This epitope spans the last 14 

amino acids of the NC protein and contains the histidine and final cystine of the second 
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zinc finger.  Again this epitope was mostly conserved when the sequences from the 

mother-infant pairs was analyzed.  The next motif, CTERQANFL, is located from 

positions 50 to 56 and is recognized by HLA-B61 

(http://www.hiv.lanl.gov/content/immunology/ctl_search).  This epitope contains the last 

cystine of the second zinc finger and was highly conserved within the mother-infant 

sequences obtained.   

 The first motif within the p6 gene sequences, GNFLQSRPEPTAPPF, is located at 

amino acid positions 70-84 and is recognized by several HLA types 

(http://www.hiv.lanl.gov/content/immunology/ctl_search).  Analysis of the mother-infant 

sequences revealed that this epitope was mostly conserved, with the exception of mother 

and infant C (pair C).  Pair C contains a PTV insertion beginning at position 78 (Fig. 2).  

It is not known at this time what effect on CTL recognition this insertion would have.   

The next epitope is located at amino acid positions 105 to 114 and has the sequence 

KELYPLTSL (http://www.hiv.lanl.gov/content/immunology/ctl_search).  This epitope is 

recognized by HLA-B60 and is positioned within the (LXX)4 Vpr binding domain.  

Within the mother-infant sequences obtained this CTL epitope was mostly conserved, 

however the first lysine within the epitope was substituted within every clone analyzed 

(Figs. 2-4).  It is not known at this time what effect this substitution would have on 

recognition of this epitope.  Another epitope, YPLTSLRSLF, is located at positions 108 

to 117 and is recognized by HLA-B7 

(http://www.hiv.lanl.gov/content/immunology/ctl_search).  Analysis of the six mother-

infant pairs’ sequences revealed that this epitope was mostly conserved (Figs. 2-4).  
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Overall, analysis of the CTL recognition epitopes within the sequences of the mother-

infant pairs’ displayed that these epitopes which are involved in immune recognition of 

the virus were mostly conserved. 

 

3.2 Characterization of HIV-1 Integration sites and Host Gene 

Expression Profile in Neonatal and Adult Target Cells 

 To determine the effect of HIV-1 integration on viral gene expression in cord 

compared to adult cells, 468 integration sites from cord and adult T-lymphocytes and 

monocyte-derived macrophages (MDM), which had been infected with various strains of 

HIV-1, were characterized.  The host genes present at the site of integration were grouped 

into classes based on cellular function and several transcription factors were found to 

contain possible binding sites near the viral promoter at the site of integration.  The 

expression of these host genes and transcription factors, along with factors that can assist 

integration, was evaluated. 

3.2.1 Determine the sites of HIV-1 Integration in neonatal and adult blood T-

lymphocytes and MDM: 

To determine the sites of HIV-1 integration in neonatal and adult target cells, T-

lymphocytes and MDM from five different cord and adult blood donors were infected 

with an X4 and R5, HIV-1LAV and HIV-1BALrespectively. Chromosomal DNA, which 

contained the integrated viral genome, was then isolated, purified (76) 72 hours 

postinfection, and used to perform inverse PCR to amplify the junction between the viral 

and cellular DNA (71).  The inverse PCR products were cloned and several clones were 
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sequenced, resulting in identification and characterization of 468 HIV-1 integration sites 

in primary T-lymphocytes and MDM from 5 different donors of cord and adult blood.  As 

a control, DNA was also isolated from uninfected (mock) T-lymphocytes and MDM and 

subjected to inverse PCR, cloning and sequencing. PCR products were mostly not 

observed in mock samples, however if slight amplification did occur, the integration sites 

found within mock DNA did not contain HIV-1 promoter. 

 Analysis of the HIV-1 integration sites was performed using BLAST 

(www.ncbi.nlm.nih.gov/BLAST) and BLAT (www.genome.ucsc.edu/cgi-bin/hgBlat), 

with selection of chromosomal location based on a scored comparison with the human 

genome.  Using these tools a variety of features were characterized about the integration 

sites, including the host gene present at that site.  Integration frequency among the 

chromosomes was analyzed, and HIV-1 integration was found within every chromosome 

of the human genome.  However, several chromosomes frequently contained integration 

sites in both the cord and adult T-lymphocytes and MDM (Fig. 18 & 19).  Chromosome 1 

was the most frequent target for HIV-1 integration within adult T-lymphocytes, 

containing a significantly higher percentage of integration sites than would be expected if 

integration was a random event (p < 0.01).  In contrast, chromosome 17 was the most 

targeted chromosome for HIV-1 integration in cord T-lymphocytes (p < 0.008) (Fig. 18).  

Interestingly, HIV-1 integration appears to be more evenly spread throughout the human 

genome in adult T-lymphocytes, whereas chromosomes 12, 16, 17 and 19 contain nearly 

half of all integrations in cord T-lymphocytes.  Within adult MDM, the most targeted 

chromosomes were 11, 16 and 19 (p < 0.01), while chromosomes 11 and 17 frequently 
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contained integration sites cord MDM (p < 0.008) (Fig. 19).  Based on these 

observations, chromosome 11 appears to be a frequent target of HIV-1 integration within 

MDM, both cord and adult.  In addition, chromosome 17 appears to be a frequent target 

of integration in both cord T-lymphocytes and MDM. While these chromosomes are 

preferential targets of integration, chromosomes 4, 5, 18, and 21 appear to be disfavored 

targets for HIV-1 integration as seen in both cord and adult T-lymphocytes and MDM.
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Figure 18.  Chromosomal preferences for HIV-1 integration in T-lymphocytes. The chromosomal location of the sites of HIV-
1 integration was determined by BLAST/ BLAT analysis of the inverse PCR products.  The distribution of HIV-1 integration 
sites within each chromosome was determined for cord and adult T-lymphocytes.  The frequency, presented as a percentage, of 
integration was calculated as the number of integration events in a given chromosome divided by the total number of 
integration sites found for that sample type.  AL: Adult T-lymphocytes; CL: Cord T-lymphocytes. 
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Figure 19.  Chromosomal preferences for HIV-1 integration in MDM. The chromosomal location of the sites of HIV-1 
integration was determined by BLAST/ BLAT analysis of the inverse PCR products.  The distribution of HIV-1 integration 
sites within each chromosome was determined for cord and adult MDM.  The frequency, presented as a percentage, of 
integration was calculated as the number of integration events in a given chromosome divided by the total number of 
integration sites found for that sample type.  AM: Adult MDM; CM: Cord MDM. 
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Several classes of genes were identified as HIV-1 integration targets within both 

cord and adult T-lymphocytes and MDM by Cytoscape/BiNGO analysis 

(www.cytoscape.com). Using this method, the gene ontology hierarchy of the host genes 

found at the site of HIV-1 integration was identified, the genes were grouped based on 

their function within the host cell, and the biological processes that were significantly 

over-represented were determined (Fig. 20).  The over-represented processes identified in 

adult T-lymphocytes and MDM were largely related to cellular components and 

maintenance of the intracellular environment, respectively (Figs. 20A & 20C).   In 

contrast, genes involved in enzyme regulation and cellular metabolism were over-

represented in cord lymphocytes (Fig. 20B), while catalytic activity and cation transport 

were over-represented in cord MDM (Figure 20D).  The information on the most specific 

functional groups from the gene ontology analysis by Cytoscape/BiNGO was combined 

with the sequence analysis of BLAST/BLAT to specifically characterize the genes in 

these over-represented functional groups in cord and adult T-lymphocytes (Table 5) and 

MDM(Table6).
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Figure 20.  Over represented classes of genes found at HIV-1 integration site.  The host genes present at the sites of HIV-1 
integration were determined by BLAST/BLAT analysis of the inverse PCR products.  These genes were grouped into classes 
using a gene ontology hierarchy method, based on cellular function, using BiNGO/Cytoscape.  The statistical significance of 
the over represented classes is indicated by the color of the box pertaining to that class, with a change in color from yellow to 
orange indicating an increase in statistical significance.  White boxes indicate that the functional class was not statistically over 
represented.  The over represented classes for adult T-lymphocytes (A), cord T-lymphocytes (B), adult MDM (C) and cord 
MDM (D) are depicted. 
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Table 5.  Genes found at sites of HIV-1 integration within T-lymphocytes grouped by functional class 
Class Chromosomal 

locus 
Gene Gene Description Dist to 

start sitea 
I or 
Eb 

Exp. in 
adultc 

Exp. In 
cordd 

Ratioe 

Adult T-lymphocytes 
1p36.33 SDF4 Calcium binding protein Cab45 11211 I 4001 20822 + ~ 5.2 
3p21.31 RBM5 RNA binding motif protein 5 9948 I 1113 765 - ~ 1.5 
6p21.31 ITPR3  Inositol 1,4,5-triphosphate receptor type 3  15627 I 604 625 + ~ 1.1 
11q13.1 PACS1 Phosphofurin acidic cluster sorting protein 1 33570 I 1067 1536 + ~ 1.4 
16p13.3 NME4 Nucleoside-diphosphate kinase 4 3237 I 875 1195 + ~ 1.4 

 
Intracellular 
membrane 

bound 
organelle 

 Xq28 IDH3G Isocitrate dehydrogenase 3 gamma isoform 3171 I 739 941 + ~ 1.3 
Cord T-lymphocytes 

1p31.3 NFIA Nuclear factor 1 A-type 203260 I 2248 1831 + ~ 1.2 
6p21.33 VARS Valyl-tRNA synthetase 12691 I 306 399 + ~ 1.3 
7q21.2 CDK6 Cyclin-dependent kinase 6 23739 I 697 875 + ~ 1.3 
10p15.1 PRKCQ Protein kinase C, theta 32603 I 1187 1715 + ~ 1.5 
11p13 CSTF3 Cleavage stim. factor subunit 3 11530 I 461 488 + ~ 1.1 

12p13.31 USP5 Ubiquitin specific peptidase 5 11367 E 1189 787 - ~ 1.5 
16q22.1 WWP2 WW domain containing E3 ubiquitin protein ligase 117652 I 1456 1008 - ~ 1.5 
17p13.1 CHD3 Chromodomain helicase DNA binding protein 3 19526 I 919 1193 + ~ 1.3 
17q24.1 SMURF2 SMAD specific E3 ubiquitin protein ligase 2 41765 I 334 420 + ~ 1.3 
17q25.1 CDK3 Cyclin dependent kinase 3 22932 I 291 400 + ~ 1.4 
19p13.3 NFIC Nuclear factor 1 C-type 101747 I 1831 2248 + ~ 1.2 

 
 
 
 
 
Biopolymer 
metabolism 

20q12 TOP1 DNA topoisomerase 1 5536 I 461 494 + ~ 1.1 
7q31.1 DOCK4 Dedicator of cytokinesis 4 359606 I 338 418 + ~ 1.2 
15q26.1 IQGAP1 IQ motif containing GTPase activating protein 1 86003 I 1412 1172 - ~ 1.2 
17q25.3 PSCD1 Cytohesin 1 104192 I 2830 1908 - ~ 1.5 
19p13.3 VAV1 Vav 1 proto-oncogene 14967 I 816 665 - ~ 1.2 
19p13.11 MYO9B Myosin IXB 27127 I 327 419 + ~ 1.3 

 
 

Small GTPase 
regulator 
activity 

20q13.13 ARFGEF
2 

ADP ribosylation factor guanine exchange protein 
2 

107600 I 570 625 + ~ 1.1 

athe estimated distance, in base pairs, of the HIV-1 integration site from the transcription start site of the host gene. 
bthe presence of the HIV-1 integration site within an intron (I) or exon (E) of the host gene. 
cexpression of the indicated host gene in adult cells measured in relative intensity.  
dexpression of the indicated host gene in cord cells measured in relative intensity. 
eratio of host gene expression in cord cells to expression in adult cells.  A positive value indicates higher expression in cord cells, a value of 1 indicates 
even expression and a negative value indicates higher expression in adult cells.  
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Table 6.  Genes found at sites of HIV-1 integration within MDM grouped by functional class 
Class Chromosomal 

locus 
Gene Gene Description Dist to 

start sitea 
I or 
Eb 

Exp. in 
adultc 

Exp. In 
cordd 

Ratioe 

Adult MDM 
2q11.2 EIF5B Eukaryotic translation initiation factor 5B 38727 I 1066 1443 + ~ 1.4 
12q21.2 SYT1 Synaptotagmin 1 238862 I 1435 2130 + ~ 1.5 
15q15.3 EIF3S1 Eukaryotic translation initiation factor 3 9839 I 2300 1573 - ~ 1.5 
16q22.1 NFATC3 Nuclear factor f activated T-cells, cytoplasmic 3 110355 I 692 841 + ~ 1.2 
17q11.2 TIAF1 TGFB1-induced anti-apoptotic factor 1 1325 E 759 651 - ~ 1.2 
17q25.3 FOXK2 Forkhead box K2 40239 I 4152 4601 + ~ 1.1 
19p13.3 ARID3A AT rich interactive domain containing protein 3A 41574 I 3566 2128 - ~ 1.7 
19p13.3 NFIC Nuclear factor 1 C-type 56226 I 1831 2248 + ~ 1.2 
19p13.3 THRAP5 Thyroid hormone receptor associated protein 5 20386 I 1992 1540 - ~ 1.3 

 
 
 
Regulation of 

cellular 
physiological 

processes 

Xp11.22 PHF8 PHD finger protein 8 43188 I 1473 1005 - ~ 1.5 
9q34.3 EHMT1 EHMT1 protein 34292 I 442 352 - ~ 1.3 Histone 

methylation 19p13.2 CARM1 Coactivator –associated arginine methyltransferase 
1 

40292 I 752 629 - ~ 1.2 

Cord MDM 
12q24.11 ACACB Acetyl-Coenzyme A carboxylase beta 130578 I 723 686 - ~ 1.1 CoA 

carboxylase 
activity 

13q32.3 PCCA Propionyl-Coenzyme A carboxylase alpha 172984 I 365 430 + ~ 1.2 

16p12.1 SCNN1B Soduim channel, nonvoltage gated 1 54350 I 668 772 + ~ 1.2 Amiloride-
sensitive 
sodium 
channel 
activity 

17q12 ACCN1 Amiloride sensitive cation channel 1 1140197 I 391 439 + ~ 1.1 

athe estimated distance, in base pairs, of the HIV-1 integration site from the transcription start site of the host gene. 
bthe presence of the HIV-1 integration site within an intron (I) or exon (E) of the host gene. 
cexpression of the indicated host gene in adult cells measured in relative intensity.  
dexpression of the indicated host gene in cord cells measured in relative intensity. 
eratio of host gene expression in cord cells to expression in adult cells.  A positive value indicates higher expression in cord cells, a value of 1 indicates 
even expression and a negative value indicates higher expression in adult cells.  
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In addition to classifying genes at the site of HIV-1 integration by function within 

the host cell, the relevance of these genes to HIV-1 biology was assessed as shown in 

Table 7.  Studies have shown that many genes are upregulated during an HIV-1 infection 

(186), and integration into these genes may affect viral transcription and gene expression.  

The identified genes are involved in various facets of the immune system and the 

response to viral infection.  They are also implicated in several steps of the HIV-1 

lifecycle (Table 7).   
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Table 7.  Genes relevant to HIV-1 biology containing an HIV-1 integration site 
Chromosomal 

locus 
Gene Gene Description Relevance Ratioa 

Adult T-lymphocytes 
3q27.1 PSMD2 Proteasome 26S non-

ATPase subunit 2 
degradation of viral protein 

via proteasome (52) 
- ~ 1.2 

6q23.3 IL22RA2 IL-22 receptor alpha-2 
chain 

innate host resistance to 
infrection (128) 

+ ~ 2 

20q12 TOP1 DNA topoisomerase 1 viral DNA synthesis (166) + ~ 1.1 
Cord T-lymphocytes 

6p21.33 HLA-E MHC class1 E chain presentation of viral peptides 
to CD8 T-cells 

+ ~ 1.1 

16q22.1 NFAT5 Nuclear factor of 
activated T-cells 5 

isoform C 

viral transcription (153) + ~ 1.3 

20q12 TOP1 DNA topoisomerase 1 viral DNA synthesis (166) + ~ 1.1 
21q22.11 IFNAR1 Interferon-alpha receptor 

1 precursor 
suseptibility to infection (46) - ~ 1.5 

Adult MDM 
5q13.2 CDK7 Cyclin-dependent kinase 

7 
viral transcription (136) + ~ 1.3 

11q23.1 IL18 Interleukin 18 innate and adaptive immune 
response (181) 

+ ~ 1.1 

16q22.1 NFAT5 Nuclear factor of 
activated T-cells 5 

isoform C 

viral transcription (153) + ~ 1.3 

Cord MDM 
9q33.2 C5 Complement component 5 immune response to infection 

(89) 
+ ~ 1.2 

11p11.2 NUP160 Nucleoporin 160kDA PIC translocation through 
nuclear pore complex (102) 

+ ~ 1.1 

12p13.31 CD4 CD4 antigen precursor primary viral receptor on host 
cell 

+ ~ 1.1 

 
aratio of host gene expression in cord cells to expression in adult cells.  A positive value indicates higher 
expression in cord cells, a value of 1 indicates even expression and a negative value indicates higher 
expression in adult cells.  
 
 

In our study comparing integration sites in cord and adult cells, there were 10 

genes that contained an integration site in both cord and adult T-lymphocytes, and 15 

genes in cord and adult MDM. These genes include RAP1A, REPS1, CDK6, SLCO1C1, 

WNK1, DENND4A, SMURF2, VAV1, NOSIP, TOP1 in T-lymphocytes and EML4, 

RBMS1, NEK11, HECW1, PLEC1, RXRA, EHMT1, NOTCH1, MS4A1, SLCO1C1, 

U80760, PDPK1, TMEM49, C20orf14, DMD in MDM. These genes do not appear to be 
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related in function, with several genes performing various functions throughout the cell, 

and were not believed to be repeated amplification of a single integration event due to the 

fact that these sites were found by amplification of DNA from different samples.   In 

agreement with other studies (109, 159), all of the genes which contained integration sites 

are transcribed by RNA pol II, however the direction of viral transcription did not 

correlate with the transcriptional direction of the host gene (data not shown).  

Furthermore, within all genes identified, 95% of all integrations took place within 

introns.  This observation is likely to due to the greater sequence length of introns 

compared to exons (101, 187).  In addition, sites of HIV-1 integration were dispersed 

randomly along the entire length of the genes, showing no bias toward particular 

positions within the genes.  This finding contrasts results from other retroviral integration 

studies, which observed a preference for integration in the vicinity of transcription start 

sites (199).  Tables 8-11 give a complete list of all integration sites identified, along with 

specific information concerning each site. 
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Table 8. Genes found at HIV-1 Integration Site within Adult T-lymphocytes 
Chromosomal 

location 
Gene Gene Description Dist to start 

sitea 
I or Eb Exp. in 

adultc 
Exp. In 
cordd 

Ratioe 

1p13.2 RAP1A Member of Ras oncogene family 9481 I 37742 40203 + ~ 1.6 
1q13.2 RAP1A Member of Ras oncogene family 15825; 

15876 
I 37742 40203 + ~ 1.6 

1p21.3 DPYD Dihydropyrimidine dehydrogenase 832490 I 381 454 + ~ 1.2 
1q22 ASH1L (absent, small, or homeotic)-like 206983 I 894 689 - ~ 1.3 

1p31.3 MIER1 Mesoderm induct. early response 1 45655 I 380 436 + ~ 1.2 
1p32.3 ZYG11B Hypothetical protein LOC79699 74867 I 721 795 + ~ 1.1 
1p36.11 ARID1A AT rich interactive dom. contain. 

protein 1A 
38028 I 670 599 - ~ 1.1 

1p36.11 WASF2 Wiskott-Aldrich syndrome protein 
family member 2 

48942 I 1296 2128 + ~ 1.6 

1p36.22 TNFRSF8 TNF receptor superfamily member 
8 precursor 

76828 I 313 422 + ~ 1.3 

1p36.33 PRKCZ Protein kinase C, zeta type 110474 I 337 406 + ~ 1.2 
1p36.33 SKI Ski oncogene 20005 I 921 761 - ~ 1.2 
1p36.33 SDF4 Calcium binding protein Cab45 11211 I 4001 20822 + ~ 5.2 

2p15 USP34 Ubiquitin specific protease 34 34282 I 710 720 + ~ 1.1 
2q24.2 RBMS1 RNA binding motif, single 

stranded interacting prot. 1 
90827; 
91044 

I 800 953 + ~ 1.2 

2q33.1 ALS2 Alsin 36525 I 640 610 - ~ 1.1 
3p21.2 RAD54L2 RAD54-like protein 2 28909 I 732 652 - ~ 1.1 
3p21.31 RBM5 RNA binding motif protein 5 9948 I 1113 765 - ~ 1.5 
3p22.1 SNRK SNF-related serine/threonine 

protein kinase 
38708 I 1034 1011 - ~ 1.1 

3p24.1 TGFBR2 TGF beta receptor 2 31338 I 424 473 + ~ 1.2 
3q25.2 MBNL1 Muscleblind-like 1 isoform b 88693 I 455 355 - ~ 1.3 
3q26.31 NAALADL2 N-acetylated alpha linked acetic 

dipeptidase 2 
393613 I 479 432 - ~ 1.1 

3q26.31 FNDC3B Fibronectin type 3 dom. contain. 
3B 

302994 I 822 976 + ~ 1.2 

3q27.1 PSMD2 Proteasome 26S non-ATPase 
subunit 2 

5375 I 742 649 - ~ 1.2 

4p16.3 WHSC1 Wolf-Hirschhorn syndrome 45082 I 592 526 - ~ 1.2 
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candidate 1 protein 
4p16.3 PCGF3 Ring finger protein 3 63447 E 451 483 + ~ 1.1 
5p13.2 RAD1 RAD1 homolog isoform 1 947 E 439 472 + ~ 1.1 
5q31.2 C5orf5 GAP-like protein N61 30043 I 324 421 + ~ 1.3 
6p21.1 TRERF1 Transcriptional regulating factor 1 183796 I 1087 1191 + ~ 1.1 
6p21.31 ITPR3 Inositol 1,4,5-triphosphate receptor 

type 3 
15627 I 604 625 + ~ 1.1 

6p21.31 FKBP5 FK506 binding protein 5 50061 I 328 416 + ~ 1.3 
6p21.33 BC011600 RD RNA binding protein 109438 I 335 406 + ~ 1.2 
6p22.2 LRRC16 Leucine rich repeat containing 16 163038 I 807 667 - ~ 1.2 
6p22.2 TTRAP Traf and TNF receptor assoc. prot. 8032 I 856 661 - ~ 1.3 
6p23 RANBP9 Ran-binding protein 9 6544 I 431 512 + ~ 1.2 

6q23.3 IL22RA2 IL-22 receptor alpha-2 chain 17765 I 3935 5390 + ~ 1.4 
6q24.1 REPS1 RALBP1 assoc. Eps domain 

containing protein 1 
50238 I 315 404 + ~ 1.3 

7q11.22 GTF2I General transcript. factor 2, I 
isoform 

13539 I 522 542 + ~ 1.1 

7q11.23 FKBP6 FK506 binding protein 6 48091 I 591 544 - ~ 1.1 
7q11.23 PMS2L2 PMS2L16 protein 2672047 I 1461 1026 - ~ 1.4 
7p14.1 RALA Ras-related protein Ral-A 32947 I 302 395 + ~ 1.3 
7q21.2 CDK6 Cyclin-dependent kinase 6 14193 I 697 875 + ~ 1.3 
7q22.1 RELN Reelin isoform b 253720 I 496 503 ~ 1 
8q12.3 ASPH Aspartyl/ 

Asparaginyl beta-hydroxylase 
139556 I 300 393 + ~ 1.3 

8q21.3 NBN Nibrin isoform 2 45800 I 718 602 - ~ 1.2 
8p21.3 TNFRSF10D TNF receptor superfamily member 

10D 
14670 I 307 391 - ~ 1.3 

8p23.1 TNKS Tankyrase-1 212737 I 344 419 + ~ 1.2 
9q21.2 GNAQ Guanine nucleotide binding 

protein, q polypep. 
226398 I 1280 1460 + ~ 1.2 

9q32 SLC31A1 Solute carrier family 31 4984 I 305 403 + ~ 1.3 
9q33.2 STOM Stomatin 19625 I 1875 2638 + ~ 1.4 
9q34.3 C9orf86 Hypothetical protein LOC55684 8258 I 308 400 + ~ 1.3 
9q34.3 NOTCH1 Notch1 preprotein 16825 E 2296 1411 - ~ 1.6 
9q34.13 RAPGEF1 Rap guanine nuc. exchange factor 

1 
101422 I 849 686 - ~ 1.3 
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10p12.31 MLLT10 Myloid/lymphoid or mixed lineage 
leukemia gene 

24947 I 1001 770 - ~ 1.3 

10p13 HSPA14 Heat-shock 70kDA prot. 14 
isoform 1 

16820 I 312 401 - ~ 1.3 

10p14 CUGBP2 CUG triplet repeat RNA binding 
prot 2 

285890 I 683 686 ~ 1 

10q23.33 IDE Insulysin 31719 I 471 502 + ~ 1.1 
11q13.1 PACS1 Phosphofurin acidic cluster sorting 

protein 1 
33570 I 1067 1536 + ~ 1.4 

11q13.1 PACS1 Phosphofurin acidic cluster sort. 
prot 1 

38810 I 1067 1536 + ~ 1.4 

11q23.2 DDX6 DEAD box polypeptide 6 23980 I 310 399 + ~ 1.3 
11q23.3 DDX6 DEAD box polypeptide 6 33597 I 310 399 + ~ 1.3 
11q23.3 MIZF MBD2 interacting zinc finger 

protein 
6041 I 1944 1321 - ~ 1.5 

12q12 TMEM117 Hypothetical protein LOC84216 157575 I 571 574 ~ 1 
12p12.2 SLCO1C1 Solute carrier organic anion transp. 

fam. member 1C1 
24256 I 790 1025 + ~ 1.3 

12p13.31 KLRG1 Killer cell lectin-like receptor, 
subfamily G member 1 

8701 I 557 589 + ~ 1.1 

12p13.33 JARID1A Rb binding protein 2 isoform 1 52964 I 403 469 + ~ 1.2 
12p13.33 WNK1 Serine/threonine protein kinase 

WNK1 
20697 I 1235 1080 - ~ 1.2 

13q12.12 PARP4 Poly (ADP-ribose) polymerase 4 835 I 382 466 + ~ 1.2 
13q14.11 KIAA0564 Hypothetical protein LOC23078 222519 I 581 537 - ~ 1.1 
14q11.2 OSGEP O-sialoglycoprotein endopeptidase 2093 E 585 524 - ~ 1.1 
14q23.1 MNAT1 CDK-activating kinase assembly 

factor MAT1 
144225 I 403 447 + ~ 1.1 

14q24.3 LTBP2 Latent transforming growth factor 
beta-binding protein 2 

41462 I 380 424 + ~ 1.1 

14q32.2 BCL11B B-cell CLL/lymphoma 11B 43620 I 1313 1105 - ~ 1.2 
14q32.32 MARK3 MAP/microtubule affinity-reg. 

kinase 3 
50887 I 2177 1416 - ~ 1.5 

15q15.1 MGA Max dimerization protein 5 21223 I 567 611 + ~ 1.1 
15q15.3 EIF3S1 Eukaryotic Translation Initiator 

Factor 3 
13112 I 2300 1573 - ~ 1.5 
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15q22.31 DENND4A C-myc promotor binding protein 63515 I 557 593 + ~ 1.1 
15q23 MAP2K5 Mitogen activated protein kinase 

kinase 5 
45783 I 997 1358 + ~ 1.4 

15q24.1 SDFR1 Stromal cell derived factor receptor 
1 

45023 I 2233 1351 - ~ 1.7 

16p11.2 XPO6 Exportin 6 52716 I 859 700 - ~ 1.2 
16p11.2 XPO6 Exportin 6 65574 I 859 700 - ~ 1.2 
16p12.3 NOMO2 Nodal Modulator 2 isoform 1 51900 I 924 1092 + ~ 1.2 
16p13.3 NME4 Nucleoside-diphosphate kinase 4 3237 I 875 1195 + ~ 1.4 
16p13.13 KIAA0350 Hypothetical protein LOC23274 211665 I 846 642 - ~ 1.3 
16q24.2 CA5A Carbonic anhydrase 5A, 

mitochondrial precursor 
5228 I 345 438 + ~ 1.3 

16q24.3 ANKRD11 Ankyrin repeat dom. contain. 
protein 11 

80388 I 561 567 + ~ 1.1 

17q11.2 TAOK1 TAO kinase 1 49636 I 911 700 - ~ 1.3 
17p13.1 C17orf81 S-phase 2 protein isoform 3 3796 I 473 516 + ~ 1.1 
17q21.31 NBR1 Neighbor of BRCA1 gene 1 8134 I 1192 904 - ~ 1.3 
17q23.1 TMEM49 Transmembrane protein 49 72298 I 1148 710 - ~ 1.6 
17q23.1 TMEM49 Transmembrane protein 49 112154 I 1148 710 - ~ 1.6 
17q21.32 SCAP1 Src family assoc. phosphoprotein 1 75510 I 490 514 + ~ 1.1 
17q24.1 SMURF2 SMAD specific E3 ubiquitin 

protein ligase 2 
6802 I 334 420 + ~ 1.3 

17q24.2 HELZ Helicase with zinc finger 45051 E 510 534 + ~ 1.1 
17q25.3 Raptor Regulatory associated protein of 

mTOR 
326760 I 406 314 - ~ 1.3 

18q22.2 SOCS6 Suppressor of cytokine signaling 6 17183 I 911 744 - ~ 1.2 
19q13.2 HNRPL Heterogeneous nuclear 

ribonucleoprotein L 
2695 I 1077 1339 + ~ 1.3 

19p13.3 VAV1 Vav 1 proto-oncogene 81946 I 816 665 - ~ 1.2 
19p13.3 SBNO2 KIAA0963 20560 I 706 576 - ~ 1.2 
19q13.33 NOSIP eNOS interacting protein 6840 I 620 512 - ~ 1.2 
19q13.33 NOSIP eNOS interacting protein 5334 I 620 512 - ~ 1.2 

20q12 TOP1 DNA topoisomerase 1 5536 I 461 494 + ~ 1.1 
20p12.3 KIAA1434 Hypothetical protein LOC56261 50793 I 698 601 - ~ 1.2 
20q13.13 PREX1 Prex1 protein 171815 I 306 397 + ~ 1.3 
20q13.33 C20orf14 U5 snRNP assoc. 102kDa protein 14173 I 2721 1800 - ~ 1.5 
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21q22.13 DYRK1A Dual-specificity tyrosine  
phosphorylation regulated kinase 

37701 I 1314 1826 + ~ 1.4 

22q11.23 GSTT2 Glutathione S-transferase theta 2 2594 I 368 430 + ~ 1.2 
22q13.33 ZBED4 Zinc finger BED dom. contain. 

prot 4 
27442 I 1097 843 - ~ 1.3 

22q13.33 TRABD TraB domain containing protein 6383 I 459 482 + ~ 1.1 
Xp11.4 CRSP2 Cofactor req’d for Sp1 Transcrip. 

activation subunit 2 
15154 I 885 758 - ~ 1.2 

Xq13.1 TAF1 Putative DYT3 protein 54359 I 664 576 - ~ 1.2 
Xp21.2 DMD Dystrophin Dp71b isoform 127017 I 444 468 + ~ 1.1 
Xq22.1 CSTF2 Cleavage stim. factor subunit 2 19078 I 695 713 + ~ 1.1 
Xq22.1 CXorf34 Hypothetical protein LOC79979 8719 I 452 529 + ~ 1.2 
Xq28 IDH3G Isocitrate dehydrogenase 3 gamma 

isoform 
3171 I 739 941 + ~ 1.3 

 
 
 
 
 
 
 
 

Table 9. Genes found at HIV-1 Integration Site within Adult MDM 
Chromosomal 

location 
Gene Gene Description Dist to start  

sitea 
I or Eb Exp in 

adultc 
Exp in 
cordd 

Ratioe 

1q22 TRIM46 Tripartite motif-containing 46 8931 I 375 463 + ~ 1.2 
1q22 MUC1 Mucin 1 320696 I 277 400 + ~ 1.5 

1p22.1 BCAR3 Breast cancer anti-estrogen 
resistance protein 3 

249394 I 448 381 - ~ 1.2 

1p22.3 HS2ST1 Heparan sulfate 2-O-
sulfotransferase 1 

96192 I 662 663 ~ 1 

1p34.2 FOXJ3 Forkhead box protein J3 34458 I 401 449 + ~ 1.1 
1p36.13 CAPZB F-actin capping protein beta 

subunit 
36072 I 615 666 + ~ 1.1 

1p36.22 PIK3CD Phosphoinositide 3 kinase 
catalytic delta polypeptide 

44308 I 804 706 - ~ 1.2 
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2q11.2 EIF5B Eukaryotic translation initiation 
factor 5B 

38727 I 1066 1443 + ~ 1.4 

2p13.3 KIAA0919 KIAA0919 protein 200042 I 321 406 + ~1.3 
2p21 EML4 Echinoderm microtubule 

associated protein like 4 
51596 I 552 520 - ~ 1.1 

2q24.1 GPD2 Glycerol-3-phosphate 
dehydrogenase 2 

141093 I 310 407 + ~ 1.3 

2q24.2 RBMS1 RNA binding motif, single 
stranded interacting prot. 1 

91046 I 800 953 + ~ 1.2 

2q24.2 KCNH7 Potassium voltage gated channel 
subfamily H member 7 

414857 I 342 423 + ~ 1.3 

3p21.1 CACNA1D Voltage dependent calcium 
channel L-type alpha 1D 

36274 I 710 797 + ~ 1.1 

3q22.1 NEK11 NIMA related kinase 20595 I 449 517 + ~ 1.2 
3q22.1 TMEM108 Transmembrane protein 108 301254 I 299 399 + ~ 1.3 
4p16.3 GAK Cyclin G assoc. kinase 72485 I 674 895 + ~ 1.3 
4q21.3 PTPN13 Protein tyrosine phosphatase, 

non-receptor type 13 
94923 I 476 493 + ~ 1.1 

4q25 SEC24B SEC24 homolog B 69301 I 845 738 - ~ 1.1 
5q13.2 CDK7 Cyclin-dependent kinase 7 28792 I 324 422 + ~ 1.3 
5q13.3 SV2C Synaptic vesicle protein 2C 241485 I 473 453 - ~ 1.1 
6q15 C6orf162 DC18 mRNA 23338 I 497 510 + ~ 1.1 

6p21.33 VARS Valyl-tRNA synthetase 12691 I 306 399 + ~ 1.3 
6p25.2 NQO2 NAD(P)H dehydorgenase 

quinone 2 
7146 I 535 555 + ~ 1.1 

7p13 HECW1 NEDD4 like ubiquitin protein 
ligase 1 

282981 I 458 394 - ~ 1.2 

7p22.3 PRKAR1B Protein kinase cAMP dependent 
regulatory 

49912 I 2231 1356 - ~ 1.6 

7q36.1 PRKAG2 AMP-activated protein kinase 
gamma 2 

263474 I 722 593 - ~ 1.2 

8q11.23 TCEA1 Transcription elongation factor A 
protein 1 

18882 I 742 622 - ~ 1.2 

8q24.3 PLEC1 Plectin 1, isoform 2 39632 I 497 545 + ~ 1.1 
9q22.31 ECM2 Extracellular matrix protein 2 

precursor 
322 E 574 550 - ~ 1.1 
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9q22.31 CENPP Centromere protein P 170180 I 420 467 + ~ 1.2 
9q34.2 RXRA Retinoic acid receptor RXR-alpha 28506 I 481 495 + ~ 1.1 
9q34.3 EHMT1 EHMT1 protein 34292 I 442 352 - ~ 1.3 
9q34.3 NOTCH1 Notch 1 preproprotein 49524 I 2296 1411 - ~ 1.6 

10p11.22 NRP1 Neuropilin 1 108386 I 538 485 - ~ 1.1 
10p12.31 MLLT10 Myeloid/lymphoid or mixed 

lineage leukemia gene 
24947 I 1001 770 - ~ 1.3 

10p14 ECHDC3 Enoyl coenzyme A hydratase 
domain containing 3 

6052 I 1041 805 - ~ 1.3 

10q24.33 NT5C2 Cytosolic 5’-nucleotidase 64855 I 298 390 + ~ 1.3 
11p11.2 KIAA0652 Hypothetical protein LOC9776 43530 I 431 334 - ~ 1.3 
11q12.2 MS4A1 Membrane spanning 4-domains 

subfamily A member 1 
3731 I 303 399 + ~ 1.3 

11q13.1 FBXL11 FBXL11 protein 8953 I 681 612 - ~ 1.1 
11q31.1 PACS1 Phosphofurin acidic cluster 

sorting protein 1 
121835 I 1067 1536 + ~ 1.4 

11q13.3 PPFIA1 PTPRF interacting protein alpha 1 
isoform a 

92711 I 570 581 + ~ 1.1 

11q13.4 UCP3 Uncoupling protein 3 5737 I 345 413 + ~ 1.2 
11q13.4 NUMA1 Nuclear mitotic apparatus prot. 1 42695 I 392 465 + ~ 1.2 
11q14.2 PICALM Phosphatidylinositol binding 

clathrin assembly protein 
10888 I 955 1146 + ~ 1.2 

11p15.1 NUCB2 Nucb2 splice variant 33035 I 1405 1377 - ~ 1.1 
11q23.1 IL18 Interleukin 18 5610 I 455 500 + ~ 1.1 
11q24.1 SORL1 Sortilin related receptor precursor 32146 I 678 551 - ~ 1.3 
11q24.3 APLP2 Amyloid beta precursor 72766 I 657 739 + ~ 1.1 
12p12.2 SLCO1C1 Solute carrier organic anion 

transporter family member 1C1 
24255 I 790 1025 + ~ 1.3 

12q13.2 PPP1R1A Protein phosphatase 1, regulatory 
subunit 1A 

8767 I 382 446 + ~ 1.2 

12p13.31 U80760 CAGH1 alternate open reading 
frame 

107709 I 520 546 + ~ 1.1 

12p13.33 CACNA1C Voltage dependent L-type 
calcium channel alpha 1C 

616143 I 350 446 + ~ 1.3 

12q21.2 SYT1 Synaptotagmin 1 238862 I 1435 2130 + ~ 1.5 
12q23.3 PRDM4 PR domain zinc finger protein 4 21559 I 356 433 + ~ 1.2 
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12q24.31 SETD8 SET domain containing protein 8 17071 I 477 503 + ~ 1.1 
12q24.31 PXN Paxillin 36424 I 834 891 + ~ 1.1 
12q24.31 SBNO1 Sno, strawberry notch homolog 1 34401 I 881 777 - ~ 1.2 
14q24.3 YLPM1 YLP motif containing protein 1 51135 I 446 381 + ~ 1.2 
14q32.33 PACS2 Phosphofurin acetic cluster 

sorting protein 2 
52128 I 339 412 + ~ 1.2 

15q15.3 EIF3S1 Eukaryotic translation initiation 
factor 3 

9839 I 2300 1573 - ~ 1.5 

16p12.1 RBBP6 Retinoblastoma binding protein 6 5572 I 521 531 + ~ 1.1 
16p13.3 ADCY9 Adenylate cyclase 9 33569 I 404 319 - ~ 1.3 
16p13.3 PDPK1 3-phosphoinositide dependent 

protein kinase 1 
48706 I 572 578 + ~ 1.1 

16p13.3 TRAP1 TNF receptor-associated protein 1 56022 I 640 687 + ~ 1.1 
16p13.3 CHTF18 Chromosome transmission 

fidelity factor CTF18 
5079 I 424 499 + ~ 1.2 

16p13.3 NARFL Nuclear prelamin A recognition 
factor 

3399 I 393 462 + ~ 1.2 

16q21 CNOT1 CCR4-NOT transcription 
complex subunit 1 

3148 I 296 415 + ~ 1.4 

16q22.1 WWP2 WW domain containing E3 
ubiquitin protein ligase 

150332 I 1456 1008 - ~ 1.5 

16q22.1 NFATC3 Nuclear factor f activated T-cells, 
cytoplasmic 3 

110355 I 692 841 + ~ 1.2 

16q24.1 CRISPLD2 Cysteine-rich secretory protein 
LCCL domain-containing 2 

52190 I 3278 1907 - ~ 1.7 

16q24.2 SLC7A5 Solute carrier family 7 33915 I 715 596 - ~ 1.2 
16q24.3 FANCA Fanconi anemia group A protein 12913 I 1203 942 - ~ 1.3 
17q11.2 TIAF1 TGFB1-induced anti-apoptotic 

factor 1 
1325 E 759 651 - ~ 1.2 

17q11.2 MYO18A Myosin 18A isoform A 1410 E 566 572 + ~ 1.1 
17p11.2 GRAP GRB2-related adaptor protein 4955 I 323 402 + ~ 1.3 
17q11.2 MYO1D Myosin 1D 317599 I 543 553 + ~ 1.1 
17q12 TADA2L Transcriptional adaptor 2-like 

isoform b 
11509 I 542 587 + ~ 1.1 

17q12 ARHGAP23 KIAA1501 protein 11583 I 487 492 + ~ 1.1 
17q23.1 TMEM49 Transmembrane protein 49 111710 I 1148 710 - ~ 1.6 
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17q23.1 TMEM49 Transmembrane protein 49 112154 I 1148 710 - ~ 1.6 
17q25.1 CDC42EP4 Cdc42 effector protein 4 13495 I 424 473 + ~ 1.1 
17q25.3 FOXK2 Forkhead box K2 40239 I 4152 4601 + ~ 1.1 
19p13.2 CARM1 Coactivator –associated arginine 

methyltransferase 1 
40292 I 752 629 - ~ 1.2 

19p13.3 MKNK2 MAP kinase-interacting 
serine/threonine kinase 2 

1418 I 513 547 + ~ 1.1 

19p13.3 KIAA0963 KIAA0963 protein 27645 I 706 576 - ~ 1.2 
19p13.3 THRAP5 Thyroid hormone receptor 

associated protein 5 
20386 I 1992 1540 - ~ 1.3 

19p13.3 ARID3A AT rich interactive domain 
containing protein 3A 

41574 I 3566 2128 - ~ 1.7 

19p13.3 NFIC Nuclear factor 1 C-type 56226 I 1831 2248 + ~ 1.2 
19p13.3 MST121 cDNA FLJ34737 11307 I 748 633 - ~ 1.2 
19p13.3 ABCA7 ATP-binding cassette subfamily 

A member 7 
16267 I 424 498 + ~ 1.2 

19p13.3 PTPRS Protein tyrosine phosphatase 
receptor sigma 

84285 I 461 362 - ~ 1.3 

19q13.12 KIAA0961 Zinc finger protein 30 homolog 17424 I 1410 912 - ~ 1.5 
19q13.32 PLA2G4C Cytosolic phospholipase A2 

gamma precursor 
3539 I 730 595 - ~ 1.2 

19q13.33 AP2A1 Adaptor related protein complex 
2 alpha 1 

3613 I 338 421 + ~ 1.3 

20q13.13 B4GALT5 Beta-1,4-galactosyltransferase 5 52053 I 1024 1095 + ~ 1.1 
20q13.13 DDX27 DEAD box polypeptide 27 22207 I 1060 1483 + ~ 1.4 
20q13.31 BMP7 Bone morphogenetic protein 7 

precursor 
23379 I 380 440 + ~ 1.2 

20q13.33 C20orf14 U5 snRNP assoc. 102kDa protein 14173 I 2721 1800 - ~ 1.5 
21q22.3 PCNT Pericentrin 52155 I 394 439 + ~ 1.2 
21q22.11 NPA1 Nucleolar preribosomal 

associated protein 1 
19392 I 567 617 + ~ 1.1 

22q12.3 MCM5 Minichromosome maintenance 
deficient protein 5 

7608 I 354 423 + ~ 1.2 

22q12.3 SYN3 Synapsin 3 138477 I 454 394 - ~ 1.2 
22q13.2 PACSIN2 Protein kinase C and casein 

kinase substrate in neurons 
80683 I 427 358 - ~ 1.2 
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protein 2 
Xp11.4 CRSP2 Cofactor req’d for Sp1 transcrip. 

active. subunit 2 
15154 I 885 758 - ~ 1.2 

Xp11.22 PHF8 PHD finger protein 8 43188 I 1473 1005 - ~ 1.5 
Xp21.2 DMD Dystrophin Dp71b isoform 127040 I 444 468 + ~ 1.1 
Xp21.2 DMD Dystrophin Dp71b isoform 127041 I 444 468 + ~ 1.1 
Xp22.13 SCML2 Sex comb on midleg-like 2 106485 I 3885 2495 - ~ 1.6 

Xq24 WDR44 WD repeat domain 44 protein 89278 I 630 736 + ~ 1.2 
Xq25 BIRC4 Baculoviral IAP repeat containing 

protein 4 
7235 I 1156 989 - ~ 1.2 

 
 
 
 
 
 
 
 

Table 10. Genes found at HIV-1 Integration Site within Cord T-lymphocytes 
Chromosomal 

location 
Gene Gene Description Dist to start 

sitea 
I or Eb Exp in 

adultc 
Exp in 
cordd 

Ratioe 

1p13.2 RAP1A Ras-related protein 9304 I 37742 40203 + ~ 1.6 
1p13.3 STXBP3 Syntaxin binding protein 3 51498 E 404 460 + ~ 1.2 
1p31.3 NFIA Nuclear factor 1 A-type 203260 I 2248 1831 + ~ 1.2 
1p35.2 BAI2 Brain specific angiogenesis 

inhibitor 2 
29874 I 562 578 + ~ 1.1 

1p36.11 MAN1C1 Mannosidase alpha class 1C 
member 1 

52248 I 731 595 - ~ 1.2 

1p36.23 RERE Astrophin-1 like protein 301693 I 681 583 - ~ 1.2 
2p21 EML4 Echinoderm microtubule 

associated protein like 4 
51596 I 552 520 - ~ 1.1 

2p22.3 BIRC6 Baculoviral IAP repeat containing 
protein 6 

127762 I 536 638 + ~ 1.2 

2p23.3 ASXL2 Additional sex combs like 2 92207 I 875 874 ~ 1 
2q24.2 TANK Traf interacting protein TANK 

isoform a 
85372 I 1458 1007 - ~ 1.5 
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2q33.2 PTHR2 Parathyroid hormone receptor 2 69150 I 294 382 + ~ 1.3 
2q37.3 FARP2 FERM, RhoGEF and pleckstrin 

domain containing protein 2 
56674 I 413 482 + ~ 1.2 

3q21.3 COPG Coatomer protein complex subunit 
gamma 

15937 I 615 543 - ~ 1.1 

3p21.31 ZNF589 Zinc finger protein 589 10826 I 427 351 - ~ 1.2 
3p21.31 RBM6 RNA binding motif protein 6 82882 I 561 615 + ~ 1.1 
3q22.3 STAG1 Stromal antigen 1 235397 I 619 668 + ~ 1.1 
4p16.3 GAK Cyclin G associated kinase 25079 I 315 404 + ~ 1.3 
5q14.1 PAPD4 PAP associated domain containing 

protein 4 
28505 E 487 541 + ~ 1.1 

6q14.1 PHIP Pleckstrin homology domain 
interacting protein 

103280 I 717 827 + ~ 1.2 

6q21 REV3L REV3 like, catalytic subunit of 
DNA polymerase zeta 

110766 I 675 726 + ~ 1.1 

6p21.32 TAP1 Antigen peptide transporter 1 3294 I 1437 1529 + ~ 1.1 
6p21.33 VARS Valyl-tRNA synthetase 12691 I 306 399 + ~ 1.3 
6p21.33 HLA-E MHC class1 E chain 2804 I 1669 1777 + ~ 1.1 
6p21.33 CCHCR1 Coiled-coil alpha-helical rod 

protein 1 
13424 I 1138 1203 + ~ 1.1 

6p21.33 CCHCR1 Coiled-coil alpha-helical rod 
protein 1 

13428 I 1138 1203 + ~ 1.1 

6q24.1 REPS1 RALBP1 assoc Eps domain 
containing prot. 1 

50130 I 315 404 + ~ 1.3 

6q24.1 REPS1 RALBP1 assoc Eps domain 
containing prot. 1 

50238 I 315 404 + ~ 1.3 

7p13 C7orf44 Hypothetical protein LOC55744 41954 I 615 687 + ~ 1.1 
7p13 HECW1 NEDD-like ubiquitin protein 

ligase 1 
282981 I 458 394 - ~ 1.2 

7q21.2 CDK6 Cyclin-dependent kinase 6 23739 I 697 875 + ~ 1.3 
7q22.1 MCM7 Minichromosome maintenance 

protein 7 
5915 E 878 681 - ~ 1.3 

7q31.1 DOCK4 Dedicator of cytokinesis 4 359606 I 338 418 + ~ 1.2 
7q34 TRIM24 Transcriptional intermediary factor 

1 
18876 I 683 638 - ~ 1.1 

8q24.3 PLEC1 Plectin 1, isoform 2 47762 I 497 545 + ~ 1.1 
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8q24.3 PLEC1 Plectin , isoform 2 46517 I 497 545 + ~ 1.1 
8q24.3 PARP10 Poly (ADP-ribose) polymerase 

family member 10 
7600 E 802 934 + ~ 1.2 

9p13.3 UBE2R2 Ubiquitin-conjugating enzyme 
UBC3B 

55336 I 843 1076 + ~ 1.3 

9q22.31 CENPP Centromere protein P 286179 I 420 467 + ~ 1.2 
9q34.3 EHMT1 EHMT1 protein 39839 I 442 352 - ~ 1.3 
9q34.3 NOTCH1 Notch homolog protein precursor 

1 
26236 I 2296 1411 - ~ 1.6 

9q34.11 SPTAN1 Spectrin alpha chain 6755 I 319 410 - ~ 1.3 
10p11.21 PARD3 Partitioning-defective 3 homolog 490726 I 443 423 - ~ 1.1 
10p15.1 PRKCQ Protein kinase C, theta 32603 I 1187 1715 + ~ 1.5 
10q24.32 ACTR1A ARP1 actin-related protein 1 

homolog A 
18338 I 432 489 + ~ 1.2 

11p13 CSTF3 Cleavage stimulation factor 
subunit 3 

11530 I 461 488 + ~ 1.1 

11q13.1 SCYL1 SCYL1 protein 3140 I 328 409 + ~ 1.3 
11q13.1 STIP1 Stress-induced phosphoprotein 1 4810 I 1225 966 - ~ 1.3 
11q13.1 DPF2 D4, zinc and double PHD fingers 

family 2 
8455 I 389 436 + ~ 1.1 

11q13.4 FCHSD2 FCH and double SH3 domains 2 218231 I 380 433 + ~ 1.2 
11q13.4 D87470 Protein KIAA0280 173096 I 500 484 - ~ 1.1 
11q13.5 MOGAT2 Monoacylglycerol O-

acyltransferase 2 
2384 I 652 678 + ~ 1.1 

11q23.2 CADM1 Immunoglobulin superfamily 
member 4D 

285830 I 352 444 + ~ 1.3 

12p12.2 SLCO1C1 Solute carrier organic anion 
transporter family member 1C1 

24255 I 790 1025 + ~ 1.3 

12q13.3 KIAA0286 Hypothetical protein LOC23306 3556 I 508 555 + ~ 1.1 
12q13.12 DDX23 DEAD box protein 23 16336 I 2721 1800 - ~ 1.5 
12q13.12 DDX23 DEAD box protein 23 16336 I 2721 1800 - ~ 1.5 
12q13.12 FMNL3 Formin-like 3 55518 I 705 657 - ~ 1.1 
12q13.12 SPATS2 Spermatogenesis associated serine 

rich protein 2 
137536 I 458 374 - ~ 1.2 

12p13.31 USP5 Ubiquitin specific peptidase 5 11367 E 1189 787 - ~ 1.5 
12p13.31 CNAP1 Chromosome condensation-related 5978 I 686 715 + ~ 1.1 
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SMC-associated protein 1 
12p13.33 WNK1 Serine/threonine protein 

kinaseWNK1 
55913 I 1235 1080 - ~ 1.2 

12q23.1 KIAA0701 Hypothetical protein LOC23074 52897 I 2120 1984 - ~ 1.1 
12q24.33 RIMBP2 RIM binding protein 2 89185 I 409 454 + ~ 1.1 
13q12.3 KATNAL1 Katanin p60 87001 I 472 432 - ~ 1.1 
13q13.3 FAM48A Protein FAM48A – p38 interacting 

protein 
25205 I 317 403 + ~ 1.3 

13q21.1 PCDH17 Protocadherin 17 4115 I 329 415 + ~ 1.3 
13q34 GAS6 Growth arrest specific 6 7663 I 309 413 + ~ 1.3 

14q24.1 RAD51L1 RAD51-like 1 59818 I 712 929 + ~ 1.3 
15q22.31 DENND4A C-myc promotor binding protein 61306 I 557 593 + ~ 1.1 
15q24.3 RCN2 Reticulocalbin 2 7465 I 936 661 - ~ 1.4 
15q26.1 IQGAP1 IQ motif containing GTPase 

activating protein 1 
86003 I 1412 1172 - ~ 1.2 

16p11.2 EIF3S8 Eukaryotic translation initiation 
factor 3 subunit 8 

9940 I 439 465 + ~ 1.1 

16p12.1 SCNN1B Sodium chann. nonvoltage gated 1 35744 I 668 772 + ~ 1.2 
16q12.2 CHD9 Chromodomain helicase DNA 

binding protein 9 
71140 I 968 1328 + ~ 1.4 

16q12.2 KIAA0308 cDNA FLJ34889 27013 I 486 395 - ~ 1.2 
16p12.3 SMG1 PI-3-kinase-related kinase SMG-1 79462 I 704 753 + ~ 1.1 
16p12.3 SMG1 PI-3-kinase-related kinase SMG-1 79524 I 704 753 + ~ 1.1 
16p13.3 PDPK1 3-phosphoinositide dependent 

protein kinase 1 
55146 I 572 578 + ~ 1.1 

16q22.1 WWP2 WW domain containing E3 
ubiquitin protein ligase 

117652 I 1456 1008 - ~ 1.5 

16q22.1 NFATC3 Cytoplasmic nuclear factor of 
activated T-cells 

20842 I 692 841 + ~ 1.2 

16q22.1 NFAT5 Nuclear factor of activated T-cells 
5 isoform C 

79399 I 295 390 + ~ 1.3 

16q22.1 RANBP10 RAN binding protein 10 77023 I 656 777 + ~ 1.2 
16q24.1 COX4NB Neighbor of COX4 1930 I 416 469 + ~ 1.1 
17p12 CDRT1 CMT1A duplicated region 

transcript 1 
109 E 322 402 + ~ 1.3 

17p12 CDRT1 CMT1A duplicated region 109 E 322 402 + ~ 1.3 
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transcript 1 
17p12 EBBP Hypothetical protein 17281 I 617 661 + ~ 1.1 
17p12 EBBP Hypothetical protein 172811 I 617 661 + ~ 1.1 

17p13.1 CHD3 Chromodomain helicase DNA 
binding protein 3 

19526 I 919 1193 + ~ 1.3 

17q21.31 NBR1 Neighbor of BRCA1 gene 1 
protein 

135340 E 1192 904 - ~ 1.3 

17q21.31 KIAA0553 KIAA0553 protein 41746 I 512 551 + ~ 1.1 
17q21.31 PLEKHM1 Pleckstrin homology domain 

containing, family M member 1 
31369 I 760 888 + ~ 1.2 

17q21.32 SKAP1 Src kinase associated 
phosphoprotein 1 

283713 I 1063 900 - ~ 1.2 

17q23.2 THRAP1 Mediator of RNA polymerase II 
transcription 

72504 I 478 511 - ~ 1.1 

17q24.1 SMURF2 SMAD specific E3 ubiquitin 
protein ligase 2 

41765 I 334 420 + ~ 1.3 

17q25.1 CDK3 Cyclin dependent kinase 3 22932 I 291 400 + ~ 1.4 
17q25.2 ET Hypothetical protein LOC79157 21514 I 1609 1094 - ~ 1.5 
17q25.3 PSCD1 Cytohesin 1 104192 I 2830 1908 - ~ 1.5 
18q12.1 KIAA1012 Hypothetical protein LOC22878 25853 E 669 599 - ~ 1.1 
19q13.2 PAK4 p21-activated kinase 4 isoform 3 24915 I 1063 715 - ~ 1.5 
19p13.2 ILF3 Interleukin enhancer binding 

factor 3 
8944 I 423 498 + ~ 1.2 

19p13.3 VAV1 Vav 1 proto-oncogene 14967 I 816 665 - ~ 1.2 
19p13.3 NFIC Nuclear factor 1 C-type 101747 I 1831 2248 + ~ 1.2 
19p13.3 GNG7 Guanine nucleotide binding 

protein G gamma-7 subunit 
187819 I 609 647 + ~ 1.1 

19p13.11 KIAA0892 Protein KIAA0892 precursor 12990 I 478 485 + ~ 1.1 
19p13.11 GATAD2A GATA zinc finger domain 

containing protein 2A 
11022 I 460 491 + ~ 1.1 

19p13.11 MYO9B Myosin IXB 27127 I 327 419 + ~ 1.3 
19q13.12 KIAA0961 Zinc finger protein KIAA0961 17424 I 1410 912 - ~ 1.5 
19q13.33 NOSIP eNOS interacting protein 2329 I 620 512 - ~ 1.2 
19q13.33 FCGRT Fc fragment of IgG receptor 

transporter 
5519 I 880 1313 + ~ 1.5 

20q11.22 NCOA6 Nuclear receptor coactivator 6 54252 I 309 399 + ~ 1.3 
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20q11.23 RBL1 Retinoblastoma-like protein 1 25601 I 341 423 + ~ 1.3 
20q11.23 RPN2 Ribophorin 2 30884 I 1342 1757 + ~ 1.3 

20q12 TOP1 DNA topoisomerase 1 5536 I 461 494 + ~ 1.1 
20q13.12 PKIG cAMP dependent protein kinase 

inhibitor gamma 
46488 I 487 463 - ~ 1.1 

20q13.13 ARFGEF2 ADP ribosylation factor guanine 
exchange protein 2 

107600 I 570 625 + ~ 1.1 

20q13.33 GMEB2 Glucocorticoid modulatory 
element binding protein 2 

29967 I 312 405 + ~ 1.3 

20q13.33 PRPF6 Pre-mRNA processing factor 6 20458 I 473 554 + ~ 1.2 
21q22.11 IFNAR1 Interferon-alpha receptor 1 

precursor 
24952 I 1689 1164 - ~ 1.5 

22q13.33 BRD1 Bromo-domain containing protein 
1 

49127 I 989 721 - ~ 1.4 

Xp21.2 DMD Dystrophin Dp71b isoform 127041 I 444 468 + ~ 1.1 
 
 
 
 
 
 
 
 

Table 11. Genes found at HIV-1 Integration Site within Cord MDM 
Chromosomal 

location 
Gene Gene  Description Dist to  

start sitea 
I or Eb Exp in 

adultc 
Exp in 
cordd 

Ratioe 

1p12 NOTCH2 Notch 2 preprotein 151675 I 1186 1711 + ~ 1.5 
1p13.3 CEPT1 Choline/ethanol-amine-

phosphotransferase 
39169 I 1223 1540 + ~ 1.3 

1q24.3 FMO1 Flavin cont. monooxygenase 1 24113 I 299 393 + ~ 1.3 
1p31.1 PTGER3 Prostaglandin E receptor 3 30769 I 354 438 + ~ 1.3 
1p31.3 NFIA Nuclear factor I/A 202945 I 2248 1831 + ~ 1.2 
1p34.2 FOXJ3 Fprlhead box protein J3 34458 I 401 449 + ~ 1.1 
1p36.31 DNAJC11 DnaJ homolog subfamily C 

member 11 
40611 I 433 476 + ~ 1.1 

2q11.2 INPP4A Inositol polyphosphate-4- 27776 I 724 689 - ~ 1.1 
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phosphatase 
2p21 EML4 Echinoderm microtubule like 4 51596 I 552 520 - ~ 1.1 

2p23.3 SEL1 Selenoprotein 1 41280 I 452 493 + ~ 1.1 
2q24.2 RBMS1 RNA binding motif single stranded 

interacting protein 1 
91046 I 800 953 + ~ 1.2 

2q37.3 FARP2 FERM, RhoGEF and pleckstrin 
domain protein 2 

29427 I 413 482 + ~ 1.2 

3p21.1 DNAH1 Dynein, axonemal, heavy 
polypeptide 1 

54937 I 589 583 - ~ 1.1 

3p21.31 RBM6 RNA binding motif protein 6 59940 I 561 615 + ~ 1.1 
3q22.1 NEK11 NIMA related kinase 20595 I 449 517 + ~ 1.2 
3p22.2 MYD88 Myeloid differentiation primary 

response protein 
1626 I 760 799 + ~ 1.1 

4q23 DAPP1 Dual adaptor of phosphotyrosine 40868 I 684 680 - ~ 1.1 
4q34.3 VEGFC Vascular endothelial growth factor 

C 
64259 I 525 531 + ~ 1.1 

5q32 JAKMIP2 Jak and microtubule interacting 
protein 2 

67333 I 480 557 + ~ 1.2 

5q33.1 DCTN4 Dynactin 4 49553 I 760 1045 + ~ 1.4 
6q21 ATG5 Autophagy protein 5 79211 I 351 437 + ~ 1.3 
6q21 FYN Protein tyrosine kinase fyn 153223 I 385 439 + ~ 1.1 

6p21.2 ZFAND3 Testis expressd sequence 27 28678 I 1471 2373 + ~ 1.6 
6p21.31 FKBP5 FK506 binding protein 5 97203 I 328 416 + ~ 1.3 
6p21.33 BAT2 HLA-B associated transcript 2 2934 E 455 488 + ~ 1.1 
6q24.2 UTRN Utrophin 308835 I 1284 1191 - ~ 1.1 
7p13 HECW1 NEDD like ubiquitin prot. ligase 1 282981 I 458 394 - ~1.2 

7p14.1 C7orf10 Hypothetical protein LOC79783 94814 I 494 586 + ~ 1.2 
7p22.2 SNX8 Sorting nexin 8 42460 I 450 493 + ~ 1.1 
7p22.2 SNX8 Sorting nexin 8 42518 I 450 493 + ~ 1.1 
7q36.3 NCAPG2 Leucine zipper protein 5 59176 I 311 401 + ~ 1.3 
8p21.3 EPB49 Erythrocyte membrane protein 

band 4.9 (dematin) 
23881 E 3232 2109 - ~ 1.5 

8q24.3 PLEC1 Plectin 1 isoform 2 47762 I 497 545 + ~ 1.1 
9q21.31 TLE4 Transducin like enhancer protein 4 58251 I 759 1041 + ~ 1.4 
9q22.31 IARS Isoleucyl-tRNA synthetase 51098 I 925 699 - ~ 1.3 
9q33.2 C5 Complement component 5 66204 I 2049 2334 + ~ 1.2 
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9q34.2 RXRA Retinoid X receptor alpha 28506 I 481 495 + ~ 1.1 
9q34.3 EHMT1 Euchromatic histone 

methyltransferase 1 
21021 I 442 352 - ~ 1.3 

9q34.3 NOTCH1 NOTCH1 preprotein 23786 E 2296 1411 - ~ 1.6 
9q34.3 SDCCAG3 Serologically defined colon cancer 

antigen 3 
5501 E 343 416 + ~ 1.2 

9q34.3 Pp8875 Pp8875 mRNA 7586 I 308 400 + ~ 1.3 
9q34.11 ODF2 Outer dense fiber of sperm tails 2 

isoform 1 
13545 I 374 445 + ~ 1.2 

9q34.11 ODF2 Outer dense fiber of sperm tails 2 
isoform 1 

13545 I 374 445 + ~ 1.2 

10p11.23 SVIL Supervillin 99829 I 944 1107 + ~ 1.2 
10q11.23 PRKG1 Protein kinase, cGMP dependent 328867 I 902 772 - ~ 1.2 
10p15.3 DIP2C DIP2 disco interacting protein 2 90377 I 539 583 + ~ 1.1 
10q22.2 PPP3CB Serine/threonine protein 

phosphatase 2B catalytic subunit 
29935 I 298 400 + ~ 1.3 

10q22.2 PPP3CB Serine/threonine protein 
phosphatase 2B catalytic subunit 

29935 I 298 400 + ~ 1.3 

10q23.33 EXOC6 SEC15 like protein 1 isoborm b 150289 I 369 444 + ~ 1.2 
10q24.32 GBF1 Golgi-specific brefeldin A 

resistance factor 1 
8230 I 310 405 + ~ 1.3 

11p11.2 NUP160 Nucleoporin 160kDA 46572 I 519 575 + ~ 1.1 
11p11.2 NUP160 Nucleoporin 160kDA 46572 I 519 575 + ~ 1.1 
11p11.2 NUP160 Nucleoporin 160kDA 46570 I 519 575 + ~ 1.1 
11q12.2 MS4A1 Membrane spanning 4-domains 

subfamily A member 1 
3731 I 303 399 + ~ 1.3 

11q13.1 HRASLS3 HRAS-like suppressor 3 6683 I 372 447 + ~ 1.2 
11q13.1 MAP4K2 Mitogen activated protein kinase 

kinase kinsae kinase 2 
8324 I 1063 1438 + ~ 1.4 

11q13.1 PPP1CA Similar to human protein 
phosphatase 1 alpha 

8885 I 346 436 + ~ 1.3 

11q13.1 SIPA1 Signal induced proliferation 
associated protein 

7585 I 437 466 + ~ 1.1 

11q13.4 CLPB Suppressor of potassium transport 
defect 3 

129278 I 2484 1459 - ~ 1.7 

11q13.4 CLBP Suppressor of potassium transport 129473 I 2484 1459 - ~ 1.7 
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defect 3 
11p15.5 PTDSS2 Phosphatidylserine synthase 9453 I 435 473 + ~ 1.1 
11q31.1 SF3B2 Splicing factor 3B subunit 2 7726 I 771 819 + ~ 1.1 
11q24.2 STTA3 Integral membrane protein 1 17398 I 1239 1030 - ~ 1.2 
12p12.2 SLCO1C1 Solute carrier organic anion 

transporter family member 1C1 
24255 I 790 1025 + ~ 1.3 

12q13.13 TFCP2 Transcription factor CP2 56504 I 664 751 + ~ 1.1 
12q13.13 TFCP2 Transcription factor CP2 56504 I 664 751 + ~ 1.1 
12p13.31 U80760 CAGH1 alternate open reading 

frame 
107709 I 520 546 + ~ 1.1 

12p13.31 CD163 CD163 antigen 1252 I 700 1011 + ~ 1.4 
12p13.31 CD4 CD4 antigen precursor 16399 I 452 494 + ~ 1.1 

12q15 BEST3 Vitelliform macular dystrophy 2 
like 3 

31918 I 1297 1001 - ~ 1.3 

12q24.11 ACACB Acetyl-Coenzyme A carboxylase 
beta 

130578 I 723 686 - ~ 1.1 

13q13.2 RFC3 Replication factor C 3 57066 I 584 589 + ~ 1.1 
13q13.3 FAM48A Family with sequence similarity 48 

member A 
25205 I 317 403 + ~ 1.3 

13q32.3 PCCA Propionyl-Coenzyme A 
carboxylase alpha 

172984 I 365 430 + ~ 1.2 

14q13.2 GARNL1 GTPase activating Rap/Ran-Gap 
domain like 1 

160092 I 405 450 + ~ 1.1 

14q24.2 RGS6 Regulator of G-protein signaling 6 49481 I 920 782 - ~ 1.2 
15q25.1 IREB2 Iron-responsive element binding 

protein 2 
30681 I 536 544 + ~ 1.1 

15q25.2 CPEB1 Cytoplasmic polyadenylation 
element binding 1 

24716 I 446 521 + ~ 1.2 

16p11.2 XPO6 Exportin 6 52479 I 859 700 - ~ 1.2 
16p11.2 XPO6 Exportin 6 52700 I 859 700 - ~ 1.2 
16p11.2 MVP Major vault protein 3963 I 1786 1134 - ~ 1.6 
16p12.1 SCNN1B Soduim channel, nonvoltage gated 

1 
54350 I 668 772 + ~ 1.2 

16p13.3 RAB11FIP3 Rab11-family interacting protein 3 17993 I 296 392 + ~ 1.3 
16p13.3 PDPK1 3-phosphoinositide dependent 

protein kinase-1 
55146 I 572 578 + ~ 1.1 
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16p13.11 KIAA0251 Hypothetical protein LOC23042 41408 I 627 688 + ~ 1.1 
16q24.3 ANKRD11 Ankyrin repeat domain 11 77831 I 561 567 + ~ 1.1 
17p11.2 EPN2 Epsin isoform B 54097 I 356 435 + ~ 1.2 
17q11.2 TAOK1 TAO kinase 1 49636 I 911 700 - ~ 1.3 
17q11.2 TAOK1 TAO kinase 1 49732 I 911 700 - ~ 1.3 
17p11.2 PIGL Phosphatidylinositol glycan anchor 

biosynthesis class L 
29258 I 525 543 + ~ 1.1 

17q12 ACCN1 Amiloride sensitive cation chann. 1 1140197 I 391 439 + ~ 1.1 
17p13.1 NLGN2 Neuroligin 2 3528 I 509 537 + ~ 1.1 
17p13.3 PAFAH1B1 Platelet activ factor 

acetylhydrolase 1B alpha subunit 
29003 I 680 709 + ~ 1.1 

17q21.32 CALCOCO2 Calcium binding and coiled-coil 
domain 2 

3049 I 393 444 + ~ 1.1 

17q22 ZNF161 Zinc finger protein 161 11729 I 333 406 + ~ 1.2 
17q23.1 TMEM49 Transmembrane protein 49 72652 I 1148 710 - ~ 1.6 
17q23.1 TMEM49 Transmembrane protein 49 98744 I 1148 710 - ~ 1.6 
17q24.2 PRKCA Protein kinase C alpha 40097 I 308 407 + ~ 1.3 
17q24.2 PITPNC1 Phosphatidylinositol transfer 

protein 
120802 I 308 389 + ~ 1.3 

17q25.3 RAPTOR Regulatory associated protein of 
mTOR 

70577 I 406 314 - ~ 1.3 

19p13.2 DNMT1 DNA (cytosine-5-)-
methyltransferase 1 

57055 I 482 518 + ~ 1.1 

19p13.2 DNMT1 DNA (cytosine-5-)-
methyltransferase 1 

57877 I 482 518 + ~ 1.1 

19p13.12 NOTCH3 Notch homolog 3 28632 E 316 395 + ~ 1.3 
19q13.12 ZFP30 Zinc finger protein 30 homolog 17424 I 1410 912 - ~ 1.5 
19q13.33 MED25 ARC/mediator transcrip. 

coactivator 
1226 I 484 568 + ~ 1.2 

19q13.42 ILT6 Immunoglobulin like transcript 5 4003 I 786 739 - ~ 1.1 
20q13.33 C20orf14 U5 snRNP assoc. 102kDa protein 14173 I 2721 1800 - ~ 1.5 
21q22.3 S100B S100 calcium binding protein beta 4757 I 469 498 + ~ 1.1 
22q12.1 ADRBK2 Beta andrenergic receptor kinase 2 77806 I 559 541 - ~ 1.1 
22q13.1 MGAT3 Mannosyl (beta-1,4-)glycoprotein 17327 I 323 403 + ~ 1.3 
22q13.1 GRAP2 GRB2 related adaptor protein 2 6602 I 323 402 + ~ 1.3 
22q13.33 ZBED4 Zinc finger, BED domain 14851 I 1097 843 - ~ 1.3 
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containing 4 
Xp11.3 PHF16 PHD finger protein 16 28802 I 431 389 - ~ 1.1 
Xp21.2 DMD Dystrophin Dp71b isoform 127041 I 444 468 + ~ 1.1 
Xp21.2 DMD Dystrophin Dp71b isoform 127040 I 444 468 + ~ 1.1 
Xp21.2 DMD Dystrophin Dp71b isoform 127040 I 444 468 + ~ 1.1 
Xp21.2 DMD Dystrophin Dp71b isoform 127041 I 444 468 + ~ 1.1 
Xp22.12 MAP3K15 Mitogen activ kinase kinase kinase 

15 
27418 I 458 498 + ~ 1.1 

athe estimated distance, in base pairs, of the HIV-1 integration site from the transcription start site of the host gene. 
bthe presence of the HIV-1 integration site within an intron (I) or exon (E) of the host gene. 
cexpression of the indicated host gene in adult cells measured in relative intensity.  
dexpression of the indicated host gene in cord cells measured in relative intensity. 
eratio of host gene expression in cord cells to expression in adult cells.  A positive value indicates higher expression in cord 
cells, a value of 1 indicates even expression and a negative value indicates higher expression in adult cells.
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3.2.2 Identification of potential transcription factor binding sites: 

Following sequencing of the inverse PCR products, the sequences obtained were 

analyzed for the identification of potential binding sites for transcriptional factors using 

the MatInspector program (http://www.genomatix.de/products/ MatInspector/index.html). 

Many potential transcription factor binding sites were identified using MatInspector as 

shown in Table 12.   

Table 12.  Potential Transcription Factor Binding Sites near HIV-1 promoter  
at Integration Site 

Transcription Factor Dist from HIV-1 promoter (bp)a Exp. in adultb Exp. in cordc Ratiod 
Adult T-lymphocytes 

YY1 36 3845 2406 - ~ 2 
NF-κB 97 576 606 + ~ 4 
c-Myc 136 442 445 ~ 1 
STAT3 181 302 399 + ~ 2 
NFAT 190 295 390 + ~ 1.3 
E2F 200 349 423 + ~ 1.2 

Adult MDM 
NF-κB 41 576 606 + ~ 4 
c-Rel 51 720 593 - ~ 1.2 

STAT5 52 394 459 + ~ 2 
YY1 55 3845 2406 - ~ 2 

NFAT5 85 501 527 + ~ 1.1 
p53 128 1028 722 - ~ 1.4 

Cord T-lymphocytes 
NFAT 9 295 390 + ~ 1.3 
E2F 14 349 423 + ~ 1.2 
Sp-1 18 337 432 + ~ 1.3 

NF-κB 31 576 606 + ~ 4 
YY1 44 3845 2406 - ~ 2 
AP-1 161 330 416 + ~ 1.3 

Cord MDM 
NF-κB 24 576 606 + ~ 4 
STAT3 26 302 399 + ~ 2 
YY1 44 3845 2406 - ~ 2 
AP-1 55 330 416 + ~ 1.3 
p53 85 1028 722 - ~ 1.4 

NFAT 101 295 390 + ~ 1.3 
athe estimated distance, in base pairs, of the transcription factor binding site upstream of the viral promoter. 
bexpression of the indicated host gene in adult cells measured in relative intensity.  
cexpression of the indicated host gene in cord cells measured in relative intensity. 
dratio of host gene expression in cord cells to expression in adult cells.  A positive value indicates higher 
expression in cord cells, a value of 1 indicates even expression and a negative value indicates higher 
expression in adult cells.  
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These factors were from a wide variety of transcription factor families and 

perform very diverse functions within the cell.  A number of these identified factors have 

also been shown to positively impact HIV-1 replication.  Several studies have shown that 

NF-κB, Sp-1, AP-1, and NFAT bind to the viral promoter and increase HIV-1 gene 

transcription (13, 142).  Other factors such as YY1 (117), p53 (51),c-Myc (87), c-Rel 

(47), STAT3 (96), STAT5 (41) and E2F (100) have also been found to affect vial 

replication.  In our study, all of these factors were identified as having potential binding 

sites at the viral integration site, just upstream of the viral promoter.  The distance from 

the HIV-1 promoter varied, however most factors identified displayed binding sites 

within 200 base-pairs.  Several other transcription factors were found to contain binding 

sites near the viral promoter; however the relevance of these factors to HIV-1 

pathogenesis is unclear at this time. 

3.2.3 Comparison of gene expression profile in cord and adult cells: 

 The expression profile of host genes within cord and adult cells was examined by 

microarray analysis.  Total RNA from the PBMC of each host was isolated and 

quantified following stimulation with PHA for 36-48 hours and cDNA was generated and 

labeled with different fluorochromes, with Cy5 coupled to cord cDNA and Cy3 coupled 

to adult DNA.  The labeled cDNAs from both cord and adult were crosslinked to a single 

22K human genes chip. The intensities of each dye were recorded, and further analyzed 

using GeneSpring ®.   Values for gene expression were calculated as the ratio of 

messenger RNA signal for the gene of interest in cord versus adult. Within cord cells, 

8013 genes were expressed over 2-fold higher compared with adult samples, while 8028 
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genes were expressed at least 2-fold higher in adults vs cord. The remainder of the 22,000 

genes represented on the microarray chip was either expressed at similar levels in both 

cord and adult, or were expressed at levels that resulted in less than a 2-fold difference.  

Expression levels of 8 of the genes found by microarray analysis were validated using 

real-time PCR (data not shown). 

3.2.4 Correlation of HIV-1 integration sites and cellular gene expression: 

 Using the information provided by BLAST and BLAT, as well as the microarray 

data, the expression of the 468 identified genes at the sites of HIV-1 integration was 

determined.  The percentage of integration within more highly expressed genes in cord 

versus adult cells was assessed. The percentage was first calculated for each of the five 

cord and adult samples individually.  These individual percentages were then averaged to 

give the overall percentage of integration within highly expressed genes in cord and 

adult.  The standard deviation and p-values were also calculated using the individual 

sample percentages (n=5).  The design of our integration experiments allowed us to 

distinguish cord and adult cells into more specific cell populations . This was used to 

separately analyze HIV-1 integration within the two major cell types, T-lymphocytes and 

MDM, that HIV-1 infects.  Within T-lymphocytes integration occurs in a significantly 

higher percentage of genes that have a higher expression in cord cells compared to adult 

cells (Fig. 21).  A similar trend of increased host gene expression at the site of HIV-1 

integration was seen in cord MDM compared with adult MDM (Fig. 21).  
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Figure 21.  Host gene expression at the site of HIV-1 integration in cord and adult T-lymphocytes and MDM. The expression 
of the host gene identified at the site of HIV-1 integration was determined by correlation of data from BLAST/BLAT and 
microarray analysis.  The bars within the graph represent the percentage of genes found at the HIV-1 integration site with 
higher expression levels in adults and infants (cord) T-lymphocytes and MDM separately. Percentages correlating to adult cells 
are represented by red bars; blue bars represent percentages within cord cells. The calculations used to determine the 
percentages, standard deviations, and p-values are described in the Methods section.   
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As described above, we also identified HIV-1 integration sites within the same 

gene in both cord and adult T-lymphocytes and MDM. In these genes, a higher gene 

expression was observed in both cord T-lymphocytes (70% of genes were higher in cord 

than adult) and MDM (60% of genes were higher in cord than adult). This allowed for a 

direct comparison of cellular gene expression profile at the same site of HIV-1 

integration between cord and adult cells.  Furthermore, we determined the overall pattern 

of host gene expression at HIV-1 integration sites within cord and adult cells and found 

that a higher number of HIV-1 integration sites were located within more highly 

expressed genes in cord T-lymphocytes and MDM (239 genes) compared with adult T-

lymphocytes and MDM (229 genes) (Fig. 22).  In terms of percentage, we found that 

59% of all integrations within infected cord cells took place in genes that were expressed 

at higher levels in cord cells compared to adult cells.  In contrast, only 40% of all 

integrations took place in genes expressed at higher levels in adult cells (Fig. 22).  
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Figure 22.  Host gene expression at the site of HIV-1 integration in cord and adult T-lymphocytes and MDM combined. The 
expression of the host gene identified at the site of HIV-1 integration was determined by correlation of data from 
BLAST/BLAT and microarray analysis.  The bars within the graph represent the percentage of genes found at the HIV-1 
integration site with higher expression levels in adults and infants (cord) T-lymphocytes and MDM combined.  Percentages 
correlating to adult cells are represented by red bars; blue bars represent percentages within cord cells. The calculations used to 
determine the percentages, standard deviations, and p-values are described in the Methods section. 
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3.2.5 Gene expression profile of classes of genes based on gene ontology: 

Several of the genes identified at the site of HIV-1 integration were grouped into 

functional classes using gene ontology analysis.  Several of these classes of genes were 

found to be statistically over represented in the analysis of the integration sites (Fig. 20).  

By combining the gene ontology data, with the BLAST/BLAT and microarray data, it 

allowed us to analyze the expression of the genes at the site of HIV-1 integration within 

over-represented functional gene classes (Tables 5 & 6).  This analysis revealed that the 

genes within most of the classes identified were expressed at higher levels in cord T-

lymphocytes (Table 5) and MDM (Table 6) as compared with adult cells.  Furthermore, 

the genes at the site of integration were classified based on involvement in HIV-1 

pathogenesis.  Most of these genes were also found to be expressed at higher levels in 

both cord T-lymphocytes and MDM versus adult cells (Table 7). 

3.2.6 Gene expression profile of cellular factors associated with HIV-1 biology: 

In addition to integration site selection, the levels of various host factors could 

have an impact on HIV-1 gene expression (94). To assess this possibility, the levels of 

key transcription factors were determined using microarray analysis, and their potential to 

bind in close proximity to the viral promoter was analyzed using MatInspector.  To 

evaluate the percentage of transcription factors that were expressed at higher levels in 

cord cells, a statistical analysis was done using similar methods used with the integration 

site data (n=5). Within T-lymphocytes, an increased percentage of identified transcription 

factors were expressed at higher levels in cord versus adult cells (Fig. 23).  This trend 

was also observed in MDM, but to a slightly lesser extent (Fig. 23).  Included within this 
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data are several factors that are known to regulate HIV-1 transcription (Table 23).  NF-

κB, Sp-1, NFAT, STAT3, STAT5, E2F and AP-1 were expressed at higher levels in cord 

cells.  Furthermore, c-Myc expression was equal in cord compared to adult cells.  In 

addition, factors YY1, c-Rel and p53, which are known to have an inhibitory effects on 

HIV-1 (47, 51, 117) were found to be expressed at higher levels in adult cells.   
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Figure 23.  Host gene expression of factors that could bind at the site of HIV-1 integration in cord and adult T-lymphocytes 
and MDM. Host factors that could potentially bind at the site of HIV-1 integration were determined by analysis of inverse PCR 
products with MatInspector, which was then correlated with the microarray analysis.  The bars within the graph represent the 
percentage of identified transcription factors which could possibly bind at the HIV-1 integration site with higher expression 
levels in adults and infants (cord) T-lymphocytes and MDM separately.  Percentages correlating to adult cells are represented 
by red bars; blue bars represent percentages within cord cells.
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 Several host factors play a direct role in HIV-1 integration, facilitating many steps 

in the process.    Factors BAF, p300, Rad18 and LEDGF/p75 (32, 35, 107, 133, 168) are 

all involved in pivotal steps during HIV-1 integration, and in our study have all been 

found to be expressed at higher levels in cord cells compared with adult cells.  The 

increased expression of LEDGF/p75 in cord cells is of particular interest, in that this 

factor has been implicated in directing HIV-1 integration into active genes (35, 168).  

While these factors do not have as direct an effect on HIV-1 transcription, their increased 

expression may affect the viral integration process, which in turn may effect viral 

transcription and gene expression. 

 

3.3 Evaluation of Novel, Natural-based HIV-1 inhibitors 

 To determine the effectiveness of inhibiting HIV-1 entry into host cells using a 

multivalent approach, several miniproteins that mimic CD4 were developed and 

evaluated for their ability to inhibit virus entry and subsequent viral replication in T-cell 

lines and primary blood mononuclear cells.  In addition, the antiviral capabilities of 100 

endophytic fungal extracts were determined.  Extracts that inhibited HIV-1 were 

fractionated to isolate individual compounds so that the mechanism of inhibition could be 

determined. 

3.3.1 Inhibition of viral entry by trivalent miniproteins: 

 The miniprotein CD4M33F23 (F23) was developed based on the scaffold of 

scorpion toxin and mimicked the CD4 binding pocket of gp120 (80).  To increase the 

effectiveness of this HIV-1 entry inhibitor, three F23 molecules were conjugated together 



 150 

using PEG linkers to form Tri-F23.  The increased inhibitory effect of this trivalent 

approach was measured using U373-Magi-CXCR4 (Magi-X4)and U373-Magi-CCR5 

(Magi-R5) cell lines.  These cells express CD4, either CXCR4 or CCR5, and the β-

galactosidase (β-gal) gene controlled by the HIV-1 promoter LTR.  Magi cells were 

infected in the presence of Tri-F23, and viral entry was determined by β-gal expression 

within the cells.  For comparison, soluble CD4 (sCD4) and F23 were also used to 

highlight the effects of a trivalent inhibitor over other monomeric proteins. 

 To determine the optimal concentration for maximum HIV-1 entry inhibition, 

several different concentrations of sCD4, F23 and tri-F23 were used in Magi cell 

infection experiments.  As seen in Figure 24, inhibition of viral entry occurred starting at 

a concentration of 0.5nM for each protein tested.  The inhibitory effects increased in a 

dose dependant manner, up to the maximum concentration tested of 500nM.  Tri-F23 

displayed an increased capability to inhibit viral entry over sCD4 and F23 at every 

concentration where inhibition was seen.  The estimated 50% inhibitory concentration 

(IC50) of Tri-F23 was just below 50nM, while IC50 estimates for sCD4 and F23 were 

200nM and 75nM respectively.  Maximal inhibition for all proteins occurred at a 

concentration of 500nM, with Tri-F23 achieving 96% inhibition of viral entry followed 

by F23 with 94% and sCD4 with 63%.  Inhibition of viral entry was very similar in both 

Magi-X4 and Magi-R5 cells.
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Figure 24.  Effect of miniproteins on HIV-1 entry.  Inhibition of viral entry was determined by infecting U373-Magi cells with 
HIV-1 in the presence of sCD4, F23, and Tri-F23.  Percentage of entry inhibition was calculated by dividing the number of 
cells expressing β-gal in the presence of the proteins tested by the number of β-gal expressing cells when cells were exposed to 
virus alone.  Graph represents HIV-1 entry inhibition results from 6 experiments in both U373-Magi-CXCR4 and U373-Magi-
CCR5 cells, as inhibition was very similar in both cell types.
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3.3.2 Optimization of trimeric HIV-1 entry inhibitors: 

 While Tri-F23 almost completely inhibited viral entry at a concentration of 

500nM (Figure 24), the lengths of the PEG linkers were modified to create several new 

miniproteins.  This was done in an attempt to optimize binding of the miniproteins to 

gp120, and therefore lowering the IC50.  To this end, Trimer-A-F23 (Tri-A), Trimer-B-

F23 (Tri-B), Trimer-C-F23 (Tri-C), Trimer-PEG2-F23 (TPEG2), Trimer-PEG3-F23 

(TPEG3), Trimer-PEG4-F23 (TPEG4) and Trimer-PEG5-F23 (TPEG5) were 

constructed.  Infection of Magi-X4 and Magi-R5 cells was performed in a similar manner 

as before, and these infections also again included F23 and Tri-F23 to fully assess the 

effects of the different linker lengths. In addition, two dimeric miniproteins, BiSL-F23 

and BiML-F23, were constructed to examine the effectiveness of a divalent inhibitory 

approach compared to a trivalent one. 

 As seen in Figure 25, TPEG3 displayed the maximum amount of HIV-1 entry 

inhibition at the concentrations tested, with an IC50 of approximately 800pM.  In addition, 

miniproteins TPEG2 and TPEG5 showed increased inhibitory capabilities, IC50s of 3 and 

4.5nM, over Tri-F23, IC50 of 50nM.  Miniproteins Tri-C and TPEG4 displayed 

comparable inhibitory capabilities to Tri-F23, while Tri-A, Tri-B, BiSL-F23 BiML-F23 

and F23 were not as effective. 
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Figure 25.  Effect of optimized miniproteins on HIV-1 entry.  Inhibition of viral entry was determined by infecting U373-
Magi cells with HIV-1 in the presence of monomeric, dimeric, and trimeric miniproteins containing different linker lengths.  
Percentage of entry inhibition was calculated by dividing the number of cells expressing β-gal in the presence of the proteins 
tested by the number of β-gal expressing cells when cells were exposed to virus alone.  Graph represents HIV-1 entry 
inhibition results from 3 experiments in both U373-Magi-CXCR4 and U373-Magi-CCR5 cells as inhibition was very similar in 
both cell types.
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3.3.3 Determine the cytotoxicity of miniproteins: 

 Before studies evaluating the effect of the mimetic miniproteins on HIV-1 

replication in culture could be performed, the toxicity of these miniproteins was 

determined.  F23 and Tri-F23 were evaluated, as they were the miniproteins around 

which all the others were designed.  Relatively high concentrations were used that 

corresponded to the concentrations where maximal HIV-1 entry inhibition was seen.  The 

miniproteins were placed in culture with A3.01 cells (T-cell line), and fresh media and 

miniprotein was added every three days.  Cytotoxicity was determined using the MTT 

assay, where cellular survival is measured in optical density (OD) and a high OD 

corresponds to low cytotoxicity. 

 F23 and Tri-F23 were found to be minimally cytotoxic (< 10%) to A3.01 cells at 

any of the concentrations tested, as compared to cultures where no miniproteins were 

present (Figure 26).
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Figure 26.  Cytotoxicity of mimetic miniproteins.  The cytotoxicity of F23 and Tri-F23 was determined in A3.01 cells using 
the MTT assay.  A negative control (100% DMSO) and a positive control (cells alone) were included in this experiment, along 
with sevveral concentrations of the miniproteins.  Cytotoxicity was measured in Optical Density (OD), with a high OD 
corresponding to low toxicity. 
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3.3.4 Effect of HIV-1 entry inhibition by mimetic miniproteins on viral replication: 

 To determine the effect of the HIV-1 entry inhibition displayed by Tri-F23, 

TPEG2, and TPEG3 on HIV-1 replication, A3.01 cells and peripheral blood mononuclear 

cells (PBMC) were infected in the presence of varying concentrations of these 

miniproteins.  Only Tri-F23, TPEG2, and TPEG3 were chosen for these infection studies 

because (1) Tri-F23 was the original miniprotein constructed and (2) because TPEG2 and 

TPEG3 were the most potent inhibitors of viral entry.   

 In the infection studies using A3.01 cells, each miniprotein inhibited HIV-1 

replication in a dose dependant manner (Fig. 27).  As expected, based on entry inhibition 

data, TPEG3 inhibited HIV-1 replication to the greatest degree.  While the lower 

concentrations tested did not inhibit viral replication, a noticable increase in inhibition 

took place at 100nM, resulting in approximately 20% inhibition for T-F23, 40% for 

TPEG2 and 60% for TPEG3 at days of peak virus production.  At a concentration of 

500nM viral replication was severely reduced, with 95% inhibition occurring with 

TPEG3.  In addition, the day of peak virus production was delayed from day 12 to day 15 

by the inhibitory concentrations of the miniproteins.  Furthermore, the effects of varying 

the linker lengths became very evident, as both optimized miniproteins displayed 

enhanced inhibitory capabilities over Tri-F23.   
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Figure 27.  Effect of multivalent HIV-1 entry inhibitors on viral replication in A3.01 cells.  To determine the effect of Tri-F23, 
TPEG2, and TPEG3 on HIV-1 replication, A3.01 cells were infected with HIV-1NL4-3 in the presence of varying concentrations 
of the miniproteins.  Viral replication was measured by assessing the amount of virus present in the culture supernatant every 
three days using the RT assay.  A positive control (NL4-3) was included where no inhibitor was present, as was a negative 
control (mock) in which the cells were not exposed to virus.  Graph represents data from 3 experiments. 
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 In addition to replication studies using the A3.01 cell line, the inhibitory effects of 

Tri-F23, TPEG2 and TPEG3 on HIV-1 replication were also evaluated using primary 

cells.  PBMCs were isolated from the whole blood of healthy adult donors and infected 

with the HIV-1BaL strain in the presence of several concentrations of the miniproteins.  

The same concentrations were used in the primary cell infections as were used with 

A3.01 cells, however the 1nM concentration was excluded because it did not inhibit viral 

replication in previous studies.  As with the A3.01 studies, viral replication was inhibited 

in PBMCs as well (Fig 28).  In contrast with the A3.01 studies however, inhibition was 

not seen at any concentration besides 500nM when analyzing the effects of Tri-F23 and 

TPEG2, resulting in an estimated 34% and 54% inhibition at days of peak virus 

production.  Approximately 40% inhibition was seen at 250nM of TPEG3, and 70% 

inhibition was seen with 500nM.  Again, the concentrations of the miniproteins that 

resulted in inhibition delayed the day of peak virus production from day 6 to day 9 or12. 
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Figure 28.  Effect of multivalent HIV-1 entry inhibitors on viral replication in primary cells.  To determine the effect of Tri-
F23, TPEG2, and TPEG3 on HIV-1 replication, PBMCs were infected with HIV-1BaL in the presence of varying concentrations 
of the miniproteins.  Viral replication was measured by assessing the amount of virus present in the culture supernatant every 
three days using the RT assay.  A positive control (BaL) was included where no inhibitor was present, as was a negative 
control (mock) in which the cells were not exposed to virus.  Graph represents data from 2 experiments.
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3.3.5 Evaluation of antiviral capabilities of endophytic fungal extracts:  

 Endophytic fungi live within desert plants and produce bioactive compounds that 

benefit the host (29).  These bioactive compounds have been the topic of many studies, 

leading to the discovery of several, mainly cancer fighting, drugs (137).  While these 

compounds have been studied greatly, their effects on viruses, especially HIV-1, has been 

largely unexplored.  To this end, we have isolated crude extracts from various endophytic 

fungi and evaluated their ability of inhibit HIV-1 replication.  Each extract was given an 

alphabetical designation for simplification of annotation during these studies. 

 The bioactive substances produced by endophytic fungi effect various cellular 

processes within the fungal host, as well as on various agents, such as bacteria, that may 

infect the host (29).  Because of this biological activity, the cytotoxicity of the fungal 

extracts was first determined.  Each of the fungal extracts was evaluated for cytotoxicity 

by exposing A3.01 cells to various concentrations over a period of nine days.  The toxic 

effects to the A3.01 cells was determined every three days using the MTT assay.  Initial 

cytotoxicity tests were conducted in the lab of Dr. Gunatilaka at the Natural Products 

Center at the University of Arizona.  Varying cytoxicity levels were seen when 

evaluating the individual fungal extracts.  The highest levels of toxicity, if toxic effects 

were seen, occurred on day nine of culture, and all cytotoxicity values given refer to 

toxicity observed on this day.  Several hundred extracts were evaluated, however only 

extracts that displayed 30% toxicity or less were chosen for further studies, and 100 

extracts were found to meet this requirement.  Initial experiments revealed that extracts 

CS, CT, B, G, and I displayed low levels of toxicity towards A3.01 cells at a 
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concentration of 2µg/mL, resulting in 25%, 19%, 10%, 15% and 22% cell death 

respectively.  The cytotoxicity levels of these extracts is representative of the results seen 

when analyzing all 100 extracts. 

Based on these toxicity results, the effects of these extracts on HIV-1 replication 

was determined by infecting A3.01 cells with HIV-1LAV  in the presence of the extracts at 

a 2µg/mL concentration. These extracts were dissolved in DMSO, so a control infection 

was also performed using the same concentration of DMSO that would be present when 

an extract was added to a culture.  The levels of inhibition of the extracts tested were 

determined by comparison with the DMSO control at peak days of virus production.  In 

addition AZT, a known reverse transcriptase inhibitor, was evaluated along side the 

extracts to use for comparison and to ensure that antiviral capabilities can be evaluated 

using our methods.  The level of viral replication present in each culture was measured 

using the RT assay every three days until viral replication began to naturally decrease.  

Each of these extracts inhibited HIV-1 replication to varying degrees.  Approximately 

half (52) of the extracts tested resulted in inhibition between 0 and 25%, another 25 

showed 25-50% inhibition, 19 inhibited viral replication from 50 to 75%, and only 4 

displayed inhibition between 75 and 99%.  A representative graph is shown in Figure 29.  

Within the graph, extracts CS and CT resulted in around 25% inhibition of HIV-1 

replication each.  Furthermore, extract I inhibited replication by 38%, and astoundingly, 

extracts B and G inhibited viral replication almost completely (96 and 99%), as levels of 

virus present in culture supernatants was just above that of the ‘mock’ control.  These 

extracts also displayed increased inhibitory abilities over the known inhibitor AZT. 
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Figure 29.  Effect of endophytic fungal extracts on HIV-1 replication.  This graph is representative of results seen in all 100 
extracts tested.  A3.01 cells were infected with HIV-1LAV  in the presence of the extracts CS, CT, B, G and I at a concentration 
of 2µg/mL.  Controls for DMSO concentration present in extract wells (DMSO), positive inhibition of viral replication (1µM 
and 2µM AZT), and absence of extract (LAV) and virus (mock) were included.  Virus levels in culture supernatant were 
determined every three days via RT assay, and presented as counts per minute (cpm), to assess viral replication.
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3.3.6 Evaluation of large scale endophytic fungal extracts and fractions: 

In order to evaluate which individual compounds within the fungal extracts were 

responsible for conveying antiviral capabilities, extracts B, G and I were fractionated as 

they displayed the greatest amount of inhibition.  Before fractionation could occur, the 

original fungal extracts needed to be grown on a larger scale to ensure sufficient 

quantities.  Designations for the large scale extracts and the fractions separated from them 

are shown in Table 13. 

 

Table 13.  Designations for large scale extracts and fractions.  Each extract was grown on 

a larger scale to produce the large scale extracts.  These large scale extracts were then 

fractionated and the resulting fractions are listed.  

 

Extract Large scale extract Fractions 

B CZ CZ-1 

B DA DA-1 

G DB DB-1, DB-2, DB-3 

I DC DC-1, DC-2, DC-3 

 
 

 These large scale extracts and fractions were then evaluated for cytotoxicity using 

the MTT assay as before, at concentrations of 2, 4, 8, and 16µg/mL.  This spread of 

concentrations was used, as it was believed that the toxic concentrations of the individual 

fractions would vary.  As can be seen in Fig. 30, the toxicity of the large scale extracts 
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and fractions increased in a does dependant manner.  Toxicity of each large scale extract 

and fraction was determined as percent of cellular survival compared to the solvent 

control, which contained the concentration of DMSO that was present in each large scale 

extract/fraction culture.  Each large scale extract and fraction, except for DB-2 with 44% 

toxicity, was not toxic at 2 or 4µg/mL.  All but large scale extract DB, 83% toxicity, and 

it’s fraction DB-2, 89% toxicity, displayed no toxicity at a concentration of 8µg/mL.  

When the concentration was increased to 16µg/mL toxicity levels varied from 85% with 

DB-2 to 8% with DC-3.  The observed toxicities were not due to the presence of DMSO 

in the cultures, as absolutely no toxicity was seen in the solvent control. 
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Figure 30.  Cytotoxicity of large scale extracts and fractions.  Each large scale extract and the fractions that originated from it 
were evaluated for cytotoxicity using the MTT assay.  Controls for DMSO concentration (solvent),as well as positive (cells 
alone) and negative (addition of 100% DMSO) controls were also performed.  The % of cellular survival was determined in 
each culture containing a large scale extract or fraction by comparison with the solvent control.  Graph represents data from 2 
experiments.
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 Based on these cytotoxicity results, concentrations for the evaluation of these 

large scale extracts and fractions on HV-1 replication were chosen.  All samples, except 

for DB and DB-2, were tested at a concentration of 8µg/mL.  Large scale extract DB was 

evaluated at a concentration of 2µg/mL, while DB-2 was tested at concentrations of 0.25, 

0.5 and 1µg/mL.  Inhibition of viral replication was carried out as before by the infection 

of A3.01 cells in the presence of the large scale extract or fraction.  All samples, except 

fraction DB-3, showed the ability to inhibit HIV-1 replication to some degree (Fig. 31).  

Inhibition ranged from 17% with DC-2, to almost 100% inhibition with the large scale 

extract DB.  This inhibition was comparable to the levels of inhibition by the reverse 

transcriptase inhibitor AZT.  The inhibitory capabilities of DB appear to be derived from 

the fraction DB-2, which inhibited viral replication almost completely at the day of peak 

virus production in the solvent control, and delayed the peak of virus production by 6 

days. 
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Figure 31.  Effect of large scale endophytic fungal extracts and fractions on HIV-1 replication.  A3.01 cells were infected with 
HIV-1LAV  in the presence of the large scale extracts and fractions at 8µg/mL (except for DB, 2µg/mL, and DB-2, 0.25, 0.5, 
1µg/mL).  Controls for DMSO concentration present in extract wells(DMSO), positive inhibition of viral replication (10µM 
and 20µM AZT), and absence of extract (LAV) and virus (mock) were included.  Virus levels in culture supernatant were 
determined every three days via RT assay, and presented as counts per minute (cpm), to assess viral replication.  Graph 
represents data from 3 experiments.
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3.3.7 Evaluation of DB-2 fractions: 

 The large scale extract fraction DB-2 displayed the largest amount of HIV-1 

replication inhibition (Fig. 31).  As this fraction arose from only one round of 

fractionation of the large scale extract DB, it was possible that more than one compound 

could be present within DB-2.  To further break down DB-2, this fraction was 

fractionated itself to give rise to the fractions DD, DE, DF and DG.  Again the cytotoxic 

effects of these new fractions needed to be evaluated.  As DB-2 was toxic at lower 

concentrations in previous experiments (Fig. 30), MTT assays were performed with DD, 

DE, DF and DG at lower concentrations of 0.1, 0.2, 0.5, 1 and 2µg/mL (Fig. 32).  

Fractions DD, DF, and DG did not display any toxic effects at concentrations up to and 

including 1µg/mL.  Fraction DE was toxic at 1µg/mL (70% toxicity), however was not 

toxic at 0.5µg/mL.  Every fraction was at least 70% toxic at a concentration of 2µg/mL. 
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Figure 32.  Cytotoxicity of DB-2 fractions.  Each fraction was evaluated for cytotoxicity using the MTT assay.  Controls for 
DMSO concentration (solvent),as well as positive (cells alone) and negative (addition of 100% DMSO) controls were also 
performed.  The % of cellular survival was determined in each culture containing a fraction by comparison with the solvent 
control.  Graph represents data from 2 experiments. 
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 Using the cytotoxicity results as a guide, fractions DD, DE, DF and DG were 

evaluated for their ability to inhibit HIV-1 replication.  DD, DF and DG were all tested at 

a concentration of 1µg/mL, while DE was evaluated at 0.5µg/mL.  As described earlier, 

effects on viral replication was determined by infecting A3.01 cells in the presence of 

these fractions at the indicated concentrations.  All of the fractions inhibited HIV-1 

replication, with the lowest amount of inhibition occurring with DG at 35% (Fig. 33).  

Fraction DF inhibited replication by 60%, while DD and DE displayed almost 100% 

inhibition at the day of peak virus production.  This inhibition was greater than that of the 

known reverse transcriptase inhibitor AZT. 
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Figure 33.  Effect of DB-2 fractions on HIV-1 replication.  A3.01 cells were infected with HIV-1LAV  in the presence of the 
DB-2 fractions DD, DE, DF and DG.  DD, DF and DG were tested at 1µg/mL, while DE was tested at 0.5µg/mL.  Controls for 
DMSO concentration present in extract wells (DMSO), positive inhibition of viral replication (10µM and 20µM AZT), and 
absence of extract (LAV) and virus (mock) were included.  Virus levels in culture supernatant were determined every three 
days via RT assay, and presented as counts per minute (cpm), to assess viral replication.  Graph represents data from 3 
experiments
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3.3.8 Evaluation of isolated compounds: 

 To isolate the individual compounds from the DB-2 fractions DD, DE and DF, 

which all inhibited HIV-1 replication (Fig. 33), the fractions underwent one final round 

of fractionation.  The compounds that were isolated are listed in Table 14.  

 

Table 14.  Isolated compounds from endophytic fungal extracts.  The fractions of DB-2 

which contained antiviral capabilities were further fractionated to isolate individual 

compounds. 

DB-2 Fraction Individual isolated compounds 

DD DK 

DE DL 

DF DM, DN, DP 

 
 

The cytotoxicity of these compounds to A3.01 cells was evaluated using the MTT 

assay as before.  The concentrations evaluated took into account the fact that the fractions 

these compounds originated from were non-toxic at 1µg/mL or lower, however 

concentrations above 1µg/mL were also tested.  The compounds displayed varying levels 

of toxicity when compared to the solvent control (Fig 34). Compound DK was not toxic 

at a concentration of 1.5µg/mL, however was 95% toxic at 2µg/mL.  Compound DL was 

non-toxic at 0.1µg/mL, 19% toxic at 0.5µg/mL, and completely toxic at and above 

1µg/mL.  Compounds DM, DN and DP were mildly toxic, with the greatest toxicity 
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(31%) occurring at 1mg/ml with DP.  All compounds tested were almost completely toxic 

at 2mg/mL, with the exception of DN with was 46% toxic at that concentration. 



 174 

 

Figure 34.  Cytotoxicity of isolated individual compounds.  Each compound was evaluated for cytotoxicity using the MTT 
assay.  Controls for DMSO concentration (solvent),as well as positive (cells alone) and negative (addition of 100% DMSO) 
controls were also performed.  The % of cellular survival was determined in each culture containing a fraction by comparison 
with the solvent control.  Graph represents data from 2 experiments.
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 Based on the cytotoxicity results, the individual compounds were evaluated for 

their ability to inhibit HIV-1 replication in A3.01 cells.  Compounds DK, DM, DN and 

DP were tested at a concentration of 1.5µg/mL, while DL was evaluated at 0.5µg/mL.  

Infections were performed in A3.01 cells as before, with viral replication monitored by 

RT assay every three days.  Compound DN inhibited viral replication by 33% at the peak 

day of viral production, while DK, DL, DM and DP inhibited viral replication almost 

completely (97-99%) (Fig. 35).  This inhibition was greater than that of the highest 

concentration of AZT, 97% at 20µM.  In addition, RT counts were barely over that of the 

mock infected (no virus added to the culture) control.
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Figure 35.  Effect of isolated individual compounds on HIV-1 replication.  A3.01 cells were infected with HIV-1LAV  in the 
presence of the compounds DK, DL, DM, DN and DP.  DK, DM, DN and DP were tested at 1.5µg/mL, while DL was tested at 
0.5µg/mL.  Controls for DMSO concentration present in extract wells (DMSO), positive inhibition of viral replication (10µM 
and 20µM AZT), and absence of extract (LAV) and virus (mock) were included.  Virus levels in culture supernatant were 
determined every three days via RT assay, and presented as counts per minute (cpm), to assess viral replication. Graph 
represents data from 2 experiments.
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3.3.9 Determination of antiviral mechanisms of endophytic fungal compounds: 

 The compounds DK, DL, DM and DP all inhibited HIV-1 replication at nearly 

100% (Fig 35).  To evaluate the mechanisms of the antiviral actions of these compounds, 

some preliminary studies were performed.  To determine the effects of the compounds on 

HIV-1 entry, Magi-X4 cells were infected in the presence of DK, DM and DP at a 

concentration of 1.5µg/mL, and DL at 0.5µg/mL.  Some entry inhibition was seen upon 

evaluation of the β-gal levels within the Magi cells (Fig. 36).  Both DK and DP inhibited 

viral entry around 45%, while DL and DM produced approximately 10% inhibition.  It 

should be noted however that in these preliminary studies the quality of the Magi-X4 

cells used in this experiment was unsuitable after fixing and staining of the cells 

occurred.  If any conclusions are to be drawn from these studies using Magi cells, 

confirmation of these results would be needed through additional experiments.   

In addition, the ability of these compounds to inhibit reverse transcriptase (RT) 

activity was determined by performing an RT assay in the presence of 1.5µg/mL of each 

compound.  Aliquots of the same virus were used for each assay performed to assure that 

the same amount of virus was present.  Upon determination of the levels of radioactive 

incorporation by RT enzyme activity, the compounds displayed little ability to inhibit RT 

function (Fig. 37).  The maximum amount of inhibition seen was 6% with DM, however 

this 6% inhibition was also seen in the solvent (DMSO) control.



 178 

Figure 36.  Effect of endophytic compounds on HIV-1 entry.  Inhibition of viral entry was determined by infecting 
U373-Magi cells with HIV-1LAV  in the presence of compounds DK, DM and DP at a concentration of 1.5µg/mL, and DL at a 
concentration of 0.5µg/mL.  Percentage of entry inhibition was calculated by dividing the number of cells expressing β-gal in 
the presence of the compounds by the number of β-gal expressing cells when cells were exposed to virus alone.  Graph 
represents data from one experiment.
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Figure 37.  Effect of endophytic compounds on HIV-1 reverse transcriptase.  Inhibition of reverse transcriptase (RT) enzyme 
activity was determined by performing RT assays in the presence of the compounds DK, DM and DP at a concentration of 
1.5µg/mL, and DL at a concentration of 0.5µg/mL. Controls for DMSO concentration present in compound wells (DMSO) and 
absence of compound (LAV) were included.  A control with no virus present (mock) was also performed, however data is not 
shown here as the % RT activity was 0%.  Graph represents data from one experiment.
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4. DISCUSSION 

 Ever since it’s discovery in the 1980’s, HIV-1 has been one of the most heavily 

targeted areas of retroviral research.  Yet to this day, much still remains unclear about the 

mechanisms of HIV-1 infection, pathogenesis and disease progression.  In order to 

uncover the complex secrets of HIV-1, systematic studies aimed at specific areas of the 

viral lifecycle must be conducted and pieced together to provide a global picture of this 

scourge of mankind.  Only in this way can we hope to develop strategies to contain the 

spread of this dangerous virus, which has already killed millions.  

 Work in our laboratory over the past decade has focused on understanding the 

molecular mechanisms of HIV-1 vertical transmission and pathogenesis of HIV-1 in 

infants. Some of the major contributions made by our laboratory include: transmission of 

minor genotype with R5 phenotype transmitted from mother to infant; conservation of 

functional domains in the important HIV-1 structural, regulatory and accessory genes; a 

lower degree of heterogeneity in non-transmitting mothers compared with transmitting 

mothers; and a higher level of HIV-1 replication and gene expression in neonatal 

mononuclear cells compared with adult cells.  I have made more advances by including 

work in this dissertation, which for the first time showed that there was a high 

conservation of functional domains within the HIV-1 gag nucleocapsid (NC) gene during 

vertical transmission.  The NC gene is involved in several critical steps in the viral 

lifecycle, and is indispensable for viral replication.  We have previously shown a 

differential degree of heterogeneity in several genes between transmitting mother and 

their vertically infected infants.  As changes in the NC gene may effect transmission and 
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pathogenesis of the virus, I have determined the molecular properties of HIV-1 NC, 

including viral diversity, phylogenetic analysis and functional motifs required for NC 

function, from six mother-infant pairs involved in vertical transmission.  Results show a 

high conservation of functional domains and a low degree of heterogeneity in the NC 

gene following vertical transmission, with several individual and pair specific mutations 

observed. 

 Recent work in our laboratory has shown an increased HIV-1 gene expression and 

replication in neonatal compared to adult cells (178), which may be the cause of a higher 

viremia and faster AIDS progression in neonates/infants than adults.  In this dissertation, 

I have determined the mechanisms of this differential HIV-1 gene expression and 

replication by showing that the increased viral gene expression may be influenced by 

differential integration of the viral genome, and the levels of key host factors, in these 

two hosts.  Integration into transcriptionally active host genes may effect viral gene 

expression by increasing the efficiency with which the viral genome is transcribed (88).  

To analyze this, I have characterized 468 HIV-1 integration sites within T-lymphocytes 

and MDM from five different donors of neonatal (cord) and adult blood.  Results showed 

that integration in cord cells took place in a higher percentage of transcriptionally active 

genes compared to adult cells.  In addition, higher levels of several host factors that could 

enhance viral transcription were found to potentially bind at the integration site just 

upstream of the viral promoter.  Furthermore, several host factors that aid the viral 

integrase enzyme in insertion of the viral DNA into the host chromosome (32, 35, 107, 

133, 168) were found to be expressed at higher levels in cord than adult cells. 
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 The development of more effective antiretroviral drugs is crucial if the spread of 

the HIV-1 epidemic is to be contained.  In this dissertation I have evaluated the 

effectiveness of trivalent CD4-mimetic miniproteins and endophytic fungal extracts to 

inhibit HIV-1 entry and replication.  Blockage of viral entry into host cells is of particular 

interest, in that this is the only anti-HIV strategy that prevents infection as opposed to 

managing one.  In addition, compounds within endophytic fungal extracts have been a 

source of drug development for other diseases, yet has been unexplored in the context of 

HIV-1.  Results showed that trivalent miniproteins with specific linker lengths inhibited 

viral entry and replication to a high degree.  Furthermore, four compounds were isolated 

from the extracts of various endophytic fungi that almost completely inhibited HIV-1 

replication. 

 Taken together, the results from this dissertation provide novel insights into the 

mechanisms of HIV-1 transmission and pathogenesis in infants, as well as provide 

promising new strategies for the inhibition of HIV-1 and drug development.       

 

4.1 Characterization of the HIV-1 gag nucleocapsid gene associated with vertical 

transmission: 

In this study, we have shown that the gag p17, NC and p6 genes, of HIV-1 were 

mostly conserved during vertical transmission.  Six mother-infant pairs were analyzed 

and the NC and p6 open reading frames were found to be conserved with a frequency of 

92.8%.  When distance analysis and population dynamics were performed, it was found 

that there was a low degree of viral heterogeneity as well as genetic diversity.  In spite of 
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this, a positive selection pressure was found be to acting on the NC and p6 gene 

sequences.  Comparison of the mother-infant pairs to each other revealed that the NC and 

p6 sequences from epidemiologically linked individuals were more closely related to 

each other than to epidemiologically unlinked individuals.  While the individual pairs 

could clearly be distinguished from one another based on sequence analysis, the 

functional domains within all sequences analyzed remained mostly conserved.  These 

findings suggest that maintenance of conserved NC and p6 genes during vertical 

transmission is important for pathogenesis of HIV-1 in mothers and infants. 

 The open reading frames (ORF) of the NC and p6 genes sequenced from six 

mother-infant pairs involved in vertical transmission were highly conserved.  Of the 168 

sequences analyzed, 156 contained an intact ORF (Figs. 14-17).  The remaining 

sequences contained a substitution that resulted in the formation of a premature stop 

codon.  This data is comparable to previously analyzed genes, including gag p17, vif, vpr, 

tat, vpu, nef, and reverse transcriptase (68-70, 83, 177, 203-205).  Maintenance of the NC 

and p6 ORFs confirms the importance of this gene in the viral lifecycle, and suggests its 

importance in vertical transmission of the virus.   

 Several pair and patient specific sequence motifs were observed when a multiple 

sequence alignment was performed.  There were also three substitutions that were present 

in every sequence analyzed (Figs. 14-17).  These universal mutations could provide a 

possible target for future diagnosis or for antiretroviral therapy development.  The NC 

has already become a promising target for antiviral therapy (148, 155, 163, 164), perhaps 

the information that this study provides can help further the knowledge of HIV-1 vertical 
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transmission and help to design preventative methods.  Analysis of the nucleotide and 

amino acid distances revealed a low degree of viral heterogeneity within the sequences 

analyzed (Table 2).  A low degree of genetic diversity was also found by the Watterson 

and Coalesce methods (Table 3).  The mutation rate per site per generation (the θ value) 

was slightly, although not significantly, higher in infants than in mothers.  This slight 

increase in mutation rate could account for the slightly higher heterogeneity within the 

infant sequences.  These values could be higher within the infants due to the fact that the 

virus within the infants has had less time to adapt to its new host than in the mothers.  

This is also supported by the observation that mothers have a higher percentage of 

mutations that are positively selected as compared to infants, where most of the mutations 

were neutral or conserved.  A higher percentage of positively selected mutations could 

indicate that the virus has evolved for a longer duration in the mothers.  Since it is likely 

that the infants have been infected for a shorter duration than the mothers, the viral 

variants in the infants have been exposed to the selection pressure of the new host for a 

shorter time.  Although the distance values indicate that the infants were slightly more 

diverse, phylogenetic analysis reveals that each of the six mother-infant pairs clustered 

together in distinct subtrees (Fig. 13).  This reveals that although the virus is evolving in 

separate hosts, it is still more similar to the virus in its epidemiologically linked host, than 

to the virus in an epidemiologically unlinked host.  Information of this kind can be 

helpful in establishing an epidemiological relationship between transmitter-recipient 

pairs.   
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 The functional domains in the NC and p6 genes from the six mother-infant pairs 

were mostly conserved during vertical transmission.  The critical residues of the NC zinc 

fingers were highly conserved, while the basic residues throughout the NC protein 

displayed more variability.  However, these changes within the basic residues did not 

result in an overall loss of these basic amino acids.  In fact, most of the basic amino acids 

that were substituted were replaced by another basic residue.  While some changes did 

result in a loss of a basic residue, other compensatory mutations elsewhere in the amino 

acid sequence replaced the residue lost.  This conservation of critical zinc finger residues 

and presence of many basic residues implies that it is very important to the virus 

evolutionarily to maintain the function these motifs provide.  The viral late domain, Vpr 

binding sites, and AIP1 binding site were all mostly conserved as well, when the mother-

infant p6 sequences were analyzed.  Critical residues within the late domain, including 

the two prolines vital for Tsg101 binding, were highly conserved during vertical 

transmission.  This domain was not only conserved, but duplicated within some mother D 

sequences.  It has been shown that duplication of this domain could be linked to 

antiretroviral drug resistance (84, 85, 143).  However since mother D has not been 

exposed to antiretroviral drugs (Table 1), this duplication must have arisen naturally or 

was present in the virus that was initially transmitted to mother D.  It is not known at this 

point, however, what effect this duplication would have on the budding ability of the 

virus.  Both of the Vpr binding domains were mostly conserved in the mother-infant 

sequences obtained, as was the AIP1 binding motif.  Again, the conservation of these 
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functional domains during vertical transmission demonstrates that it is important to the 

virus evolutionarily to maintain the functions that these regions provide.   

 Several substitutions were seen outside of the functional domains mentioned.  

While the relevance of these changes is not known at this time, the effects could be 

studied by performing biological studies using the NC clones obtained within this study.  

Another study of interest would be to characterize the same NC region in mothers who 

naturally failed to transmit the virus to their offspring and compare the results to that of 

this study. 

 There were several CTL epitopes, which were recognized by several different 

HLA types, within the mother-infant NC sequences obtained.  It has been shown that 

transmitting mothers have larger numbers of CTL escape variants as compared to non-

transmitting mothers, but the transmitted viruses carrying epitopes are not escape variants 

(196).  It is entirely possible however, that the CTL responses studied are tissue specific.  

A representation of peripheral blood, and the virus and CTL variants in the placenta, birth 

canal, and breast milk are different (158).  There were substitutions within the CTL 

epitopes of the NC sequences from the six mother-infant pairs; however it is unknown 

what effect these changes may have.  It is possible that the substitutions observed in this 

study may influence vertical transmission by resulting in differential responses in a tissue 

specific manner.   

 Although great strides have been made in the prevention of HIV-1 vertical 

transmission in countries such as the United States, the infection of children vertically in 

developing countries remains a large problem.  In order deal with this problem, a better 
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understanding of the mechanisms involved needs to be established.  A characterization of 

many of the viral genes during vertical transmission has already been completed (8, 9, 

68-70, 121, 177, 203-205), and has shed new light on the molecular mechanisms of an 

HIV-1 vertically acquired infection.  Using this previous information, new targets and 

strategies may be able to be developed in order to prevent the spread of this disease.  The 

data presented in this study may be able to provide new insights into the molecular 

characteristics of HIV-1 vertical transmission and further our understanding so that novel 

treatment and prevention strategies may be developed. 

 

4.2 Characterization of HIV-1 Integration Sites and Correlation with Host Gene 

Expression: 

In this study, we have identified and characterized 468 HIV-1 integration sites in 

primary T-lymphocytes and MDM from neonatal (cord) and adult blood of 5 different 

donors.  The genes found at the site of HIV-1 integration were classified into a gene 

ontology hierarchy, and statistically over represented classes were identified, including 

genes for cellular components, maintenance of intracellular environment, enzyme 

regulation, cellular metabolism, catalytic activity and cation transport (Fig. 20, Tables 5 

& 6). Our data shows that while HIV-1 integration targets actively transcribed genes, 

integration appears to take place in host genes that are expressed at higher levels in cord 

T-lymphocytes and MDM compared with adult cells (Fig 21).  In addition, several 

potential transcription factor binding sites, just upstream of the viral promoter at the 

integration site, were also identified as shown in Table 12, and these transcription factors 
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were also expressed at higher levels in cord compared to adult cells (Fig. 23). 

Furthermore, the levels of host factors involved in HIV-1 integration, including BAF, 

p300, Rad18 and LEDGF/p75 (32, 35, 107, 133, 168) were expressd at higher levels in 

cord cells compared with adult cells. This difference in host gene expression at the site of 

integration may contribute to the differential HIV-1 gene expression and replication seen 

in cord mononuclear cells compared with adult cells (178), as well as higher viral load 

and more rapid disease progression in infants than adults (123, 182). 

Our analysis on HIV-1 integration site distribution throughout the chromosomes 

revealed several trends.  In adult T-lymphocytes, chromosome 1 was a favored target for 

integration, whereas chromosomes 16, 17, 19, which are gene-dense chromosomes (101, 

187), contained a large percentage of integration sites in cord T-lymphocytes (Fig. 18).  

While chromosomes 16 and 19 were favored targets for integration in adult MDM, 

chromosome 17 was favored in cord MDM (Fig. 19). Additionally, in cord and adult 

MDM chromosome 11 was favored, which has been shown to be an integration hot spot 

(159).  These results suggest that targeting of HIV-1 integration to gene-dense areas 

occurs with a greater frequency in cord cells compared to adult cells, which may affect 

transcription at the site of integration and therefore viral gene expression.   

Our data concerning integration site selection is consistent with previous studies 

(71, 109, 159, 190), however these studies did not analyze integration sites in HIV-1 

specific target cells, including T-lymphocytes and MDM, from the same donors.  

Moreover, comparison of integration site selection in neonatal (cord) and adults target 

cells that may influence HIV-1 replication (178) has not been previously explored.  Other 



 189 

groups have suggested that integration site selection can lead to different levels of gene 

expression, and that this may be important for efficient expression of the HIV-1 genome 

(88).  Integration into genes that are actively being transcribed would place the viral 

genome in relatively close proximity to the transcription machinery (149), thus increasing 

the efficiency of viral transcription, leading to a higher viral load in infected patients.  

Our findings within MDM are particularly interesting as we have shown that it is the R5 

HIV-1 is transmitted from mother to infant and initially maintained with similar 

properties (10, 121) and HIV-1 replicated efficiently in MDM (178),  which may be 

critical for the establishment of infection within infants.   

 HIV-1 integration site selection was first believed to be a random event (78).  

Several studies have since uncovered a bias for integration within active genes (71, 109, 

159, 190).  Data from our study has shown several classes of genes within cord and adult 

T-lymphocytes and MDM which are significantly over-represented, including genes 

associated with intracellular membrane bound organelles, biopolymer metabolism, 

histone methylation, and regulation of the cellular environment (Fig. 20).  Further 

analysis revealed that a majority of the genes in these classes were expressed at higher 

levels in cord versus adult cells (Tables 5 & 6).  The relevance of these particular classes 

of genes which are over represented to HIV-1 biology is unclear.  However, taken 

together, our data suggests that HIV-1 integration site selection is not random and may 

result in different outcomes in neonatal and adult target cells. In addition to integration 

within over-represented functional classes of genes, our study characterized HIV-1 

integration into genes that are relevant to HIV-1 biology as shown in Table 7.  Several of 
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these genes are known to be involved in HIV-1 pathogenesis and the host response to the 

viral infection (46, 89, 128, 181).  If HIV-1 integrates into a gene that is highly expressed 

during a viral infection, it ensures that the viral genome resides within a host gene, which 

is actively transcribed (159). In addition, a majority of these genes were expressed at 

higher levels in cord compared to adult cells (Table 7).  This integration site selection 

may have an affect on viral gene expression in the very early stages of an infection (88) 

and differential HIV-1 replication and gene expression in cord versus adult cells (178), as 

well as when the infection progresses resulting in a high viremia (183).   

HIV-1 integration takes place when the viral pre-integration-complex (PIC) is 

formed and migrates to the nucleus of the host cell, where the viral DNA is then 

irreversibly inserted into the host chromosome (22).  This process is facilitated by the 

viral enzyme integrase and several host factors, including BAF, p300, Rad18 and 

LEDGF/p75 (32, 35, 107, 133, 168).  These host factors were found to be expressed at 

higher levels in neonatal cells compared to adult cells in our study.  An increased 

expression of these factors could profoundly affect the integration process within these 

two hosts.  Integration within cord cells may, as a result, take place more rapidly and 

efficiently compared to adult cells.  Perhaps increased expression of these factors assists 

in targeting integration, which has been shown previously with LEDGF/p75 (35, 168), 

into host genes, and interestingly these factors are expressed at higher levels in cord cells 

compared with adult cells.  Further exploration into the effects of the increased 

expression of these factors in neonatal cells would be necessary to determine their full 

effect on HIV-1 integration.  
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Following HIV-1 integration, transcription of the viral genome takes place.  This 

process is solely dependent on host transcription factors at the very early stages of the 

infection, particularly before the viral transactivator Tat can be produced (92).  Results 

from our study demonstrate that key transcription factors NF-κB, Sp-1, NFAT, STAT3, 

and AP-1, which have been shown to increase viral transcription (13, 96, 142), are 

expressed at higher levels in cord cells compared to adult cells. In addition, the identified 

factors which are known to repress viral transcription, YY1 (117), p53 (51) and c-Rel 

(47), were expressed at higher levels in adult versus cord cells. Furthermore, these factors 

have potential binding sites at the site of integration near the viral promoter (Table 12).   

Examples of transcription factors that cooperatively bind to increase transcription have 

been documented (20).  Additional binding sites for key transcription factors just 

upstream of the viral promoter, at the site of HIV-1 integration, could therefore possibly 

enhance recruitment of the transcription complex or the efficiency with which viral 

transcription begins.  However, taken together these results suggest that viral 

transcription, and therefore viral gene expression, may be influenced by the levels of host 

factors and the binding of those factors near the viral promoter within cord and adult 

cells.        

 HIV-1 infected infants have a higher level of viremia and progress more rapidly 

to AIDS compared with infected adults, including their own infected mothers (123, 182).  

However, the mechanisms behind this differential disease progression remain unclear.  

An explanation, or at least a partial one, has been that an infant’s (neonates) immune 

system is immature and simply is unable to contain the virus (33, 156, 180). The other 



 192 

aspect may be the differential interaction of HIV-1 with neonatal and adult immune cells, 

which was explored in our previous study that showed that HIV-1 replicated more 

efficiently in cord target cells compared with adult cells that was influenced at the level 

of HIV-1 gene expression (178).  This may result in a high viral load (6, 75) and rapid 

disease progression in neonates and infants (123, 182).  The data presented in our current 

study shows HIV-1 integration into more highly expressed host genes within cord 

compared to adult cells may contribute to this increased HIV-1 gene expression and 

replication in neonatal than adult cells (178).  In addition, this increase in viral gene 

expression and replication, in conjunction with the inability of the immature infant 

immune system to contain the virus, could lead to higher levels of viremia (6, 75) and 

faster disease progression within infants compared to adults (123, 182).  These results 

provide novel insights into the mechanisms of differential HIV-1 gene expression, 

replication and disease progression in neonates and infants compared with adults. 

 

4.3 Evaluation of Novel, Natural-based HIV-1 inhibitors:  

4.3.1 Trivalent CD4-mimetic miniproteins: 

In this study, we have shown the antiviral effects of monovalent CD4-mimetic 

miniprotein F23 and trivalent CD4-mimetic miniprotein Tri-F23 that inhibited HIV-1 

entry into CD4/CXCR4 U373-MAGI cell line (Fig. 24) and HIV-1 replication in T-cell 

line (A3.O1) (Fig. 27) and blood primary mononuclear cells (Fig. 28). In addition, these 

miniproteins were not cytotoxic to cells in an MTT assay (Fig. 26).  Our findings are in 

agreement with other studies that have used other CD4-mimetic miniproteins (105, 106), 
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however these studies did not examine the effect of the miniproteins on both HIV-1 entry 

and viral replication. While our results were promising, the linker lengths can be 

modified with the idea that it can improve binding to gp120 and subsequent inhibition of 

HIV-1 entry.  By modifying the linker lengths of Tri-F23, we generated a panel of new 

trivalent miniproteins and found that two of the new miniproteins, TPEG-2 and TPEG-3, 

displayed higher levels inhibition of both viral entry and replication compared with Tri-

F23 (Figs. 25 – 28).  Overall, our data on the anti-HIV-1 activities of the trivalent 

miniproteins demonstrate new promising candidates for the development of novel 

antiviral drugs to inhibit HIV-1 entry and block HIV-1 infection of the target cells. 

 Several inhibitors of HIV-1 entry have been evaluated since the discovery of the 

virus in 1983.  Early studies found that soluble CD4 (sCD4) (23) and the protein 

Cyanovirin (132) could potentially inactivate diverse strains of HIV-1 by interfering with 

the gp120-CD4 interaction.  More recent studies have focused on improving this 

inactivation, leading to the development of several proteins that could interact with gp120 

(49, 90, 108).  Attempts at designing monoclonal antibodies were also made, and the 

antibody b12 was shown to interact with gp120 and disrupt it’s interaction with CD4 

(208).  To further improve the binding of entry inhibitors to gp120, several miniproteins 

were developed which mimicked the CD4-binding pocket on gp120 (80, 118, 192).  

Recent data which showed that gp120 is present on the surface of HIV-1 as a trimer (160, 

210), suggested that a multivalent approach to binding and blocking gp120 could prove 

effective.  Our data shows that the trivalent miniprotein Tri-F23 inhibited HIV-1 entry to 

a greater extent when compared to both the monomers F23 and sCD4 (Fig. 24).  This 
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finding provides evidence that targeting gp120 using a trivalent approach increases the 

effectiveness of the miniprotein compared to a monovalent approach.  Similar results 

were achieved by other groups which had created a trimer linking the CD4-mimetic 

miniprotein CD4M9 (105).  In addition our findings suggest that a monovalent approach 

to HIV-1 entry inhibition must leave enough of the gp120 trimer unoccupied so that the 

virus is still able to infect, however at a reduced level.  By using a trivalent approach, the 

three CD4 binding pockets present within a gp120 trimer would be bound, resulting in a 

greater inhibition of viral entry.  Furthermore, our results confirm previous studies by 

other groups that monomeric F23 inhibits HIV-1 entry to a greater extent than sCD4 (80).  

This confirms that by linking F23, as opposed to other monomeric entry inhibitors, we 

have maximized the potential for entry inhibition by Tri-F23.  Taken together our results 

suggest that by using a trivalent approach, HIV-1 entry can be inhibited with greater 

efficiency. 

 Recent studies have shown that the effectiveness of multivalent HIV-1 inhibitors 

can be increased by varying the linker lengths between the active miniproteins that bind 

to gp120 (106).  To this end the linker lengths of our Tri-F23 were varied, resulting in 

several new trivalent miniproteins, with hopes of increasing the effectiveness of HIV-1 

entry inhibition.  In addition, two bivalent miniproteins were constructed to further 

evaluate the benefits of a trivalent approach.  The miniproteins TPEG2 and TPEG3, with 

linker lengths of 3.9 and 5.6nm respectively, inhibited viral entry to a greater degree than 

Tri-F23, linker length 2.2nm.  In addition, minproteins with linker lengths shorter than 

3.4nm or longer than 5.6nm, with the exception of Tri-F23, inhibited viral entry at lower 
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levels.  These finding suggest that there is an optimal length for the spacers of these 

miniproteins to achieve maximal inhibition of viral entry.  This effect has also been 

reported in other studies using bivalent and trivalent miniproteins based on the CD4 

mimetic miniprotein CD4M9 (105, 106).  Our results suggest that a linker length of 

5.6nm spaces the three F23 ligands within Tri-F23 to an ideal length to match the binding 

sites on the gp120 trimer.  Furthermore, the bivalent miniproteins that were assembled 

did not inhibit viral entry to the level of the trivalent ones.  This again confirms that a 

trivalent approach to HIV-1 entry inhibition will provide the maximum effect.    

 The overall goal of any anti-retroviral compound is to decrease viral replication.  

In this light, HIV-1 entry inhibitors would be ideal due to the fact that they block the 

virus from entering target cells, so no virus replication could take place.  Our studies with 

trivalent CD4-mimetic miniproteins have provided three inhibitors that can block viral 

entry up to 96% (Figs. 24 & 25).  To test the effect of this entry inhibition, Tri-F23, 

TPEG2 and TPEG3 were used for studies analyzing HIV-1 replication in both a T-cell 

line (A3.01 cells) and primary cells (PBMCs).  The cytotoxicity of the miniproteins was 

evaluated, and none of the miniproteins were toxic (Fig. 26).  These results were not 

surprising, as these miniproteins, by design, interact with gp120 and not target cells.   

HIV-1 infection studies in the presence of these inhibitors showed that at a concentration 

of 500nM, viral replication was reduced by 95% (Fig. 27).  This indicates that while 

HIV-1 entry into target cells could be almost completely blocked, as seen in Magi cell 

experiments (Figs. 24 & 25), a low level of virus must have still been able to infect the 

cells.  However, while the cells did become infected, the presence of the miniproteins in 
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culture was able to suppress viral replication to very low levels.  These trivalent CD4-

mimetic miniproteins provide promising candidates for the development of a novel HIV-

1 entry inhibitor which can both block viral infection of host cells and reduce virus 

production in an established infection.  

4.3.2 Endophytic fungal extracts:  

In addition to analyzing trivalent HIV-1 entry inhibitors, we evaluated the effects 

of endophytic fungal extracts on HIV-1 replication.   These extracts were isolated from 

the endophytic fungi that live in desert plants around the Southwest, and were assessed 

for cytotoxicity to T-cell lines.  Many extracts proved toxic, however 100 of them 

displayed toxicity levels suitable for further evaluations.  The effect of the nontoxic 

extracts on HIV-1 replication was determined, and those that significantly inhibited the 

virus were fractionated to isolate individual compounds from the extracts.  These 

fractions were then tested for cytotoxicity and anti-HIV properties.  The results of the 

fractionation studies revealed 4 compounds that were not toxic and inhibited viral 

replication.  Preliminary studies were performed on these antiviral compounds to evaluate 

their mechanism of action. 

Using endophytic fungal extracts for drug discovery has been extensively studied 

in other areas, such as cancer research (40), however the anti-HIV potential of these 

extracts has been largely unexplored (173).  To obtain the fungal extracts, several 

hundred endophytic fungi were isolated from various desert plants, and crude extracts 

were made by lysis of the fungi.  As many of these fungi produce bioactive substances 

(29), the toxicity was determined.  It was important to determine the cytotoxicity of the 
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extracts because the goal of anti-HIV studies is to keep the cells alive while eliminating 

or inhibiting the virus.  A large number of extracts proved to be toxic, however 100 of 

them showed low enough toxicity levels (< 30%) to continue with further studies (Fig. 

30).  The antiviral capability of these extracts was determined by assessing their effects 

on viral replication in an infected A3.01 culture.  While many extracts did not display any 

negative effects on viral replication, a few promising ones were discovered (Fig. 29).  

The fact that these crude extracts were able to inhibit HIV-1 replication suggested that 

one or more compounds within the extracts were affecting the viral lifecycle at some 

point.  To this end, the promising extracts were fractionated in order to isolate these 

individual compounds.  Several rounds of fractionation occurred, and the fractions were 

evaluated for toxicity and antiviral effects after every round.  The fractions that were non-

toxic and inhibited HIV-1 replication were further broken down until single compounds 

were isolated.  The end result of the fractionations was the isolation of 4 compounds from 

endophytic fungal extracts that almost completely inhibited viral replication (Fig. 35).  

These results provide proof-of-concept data that endophytic fungi can be a source for 

anti-HIV drug development, and can provide very potent inhibitors. 

 While our data shows that these isolated compounds from endophytic fungi can 

inhibit HIV-1 replication, the mechanism by which the inhibition occurred was unclear.  

In order to uncover the mechanism of action, some preliminary studies were performed to 

assess the effect of these compounds on HIV-1 entry and on viral reverse transcriptase 

(RT) enzyme function.  Entry inhibition was determined by infection of Magi cells in the 

presence of the compounds, and while some effect on viral entry was seen (Fig. 36), the 
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condition of the cells after fixing and staining was unacceptable.  Further studies to 

confirm or reject these findings must be done in order to draw meaningful conclusions on 

the effect of these compounds on HIV-1 entry.  To determine the effect of the compounds 

on RT function, RT assays were performed in the presence of these compounds as well.  

It was seen that RT function was not significantly reduced in the presence of the 

compounds (Fig. 37).  While a small percentage of inhibition was observed (6%), it is not 

believed that this could result in the almost complete inhibition of viral replication that 

was seen (Fig. 35).  Taken together our results show that HIV-1 replication is repressed 

by other mechanisms than viral entry or RT inhibition by these compounds.  Further 

studies must be done to determine how these compounds specifically affect the viral 

lifecycle.  One exciting possibility is that these compounds could inhibit HIV-1 by a 

previously undocumented mechanism.   

 A majority of the currently available anti-retroviral drugs target the viral enzymes 

protease and reverse transcriptase.  While these drugs are effective at reducing viral 

replication, they result in many unpleasant side effects and the emergence of drug-

resistant viral strains eventually occurs (28).  This highlights the need for development of 

new anti-HIV drugs, if the HIV-1 epidemic is to be successfully contained.  Our studies 

evaluating both trivalent CD4-mimetic miniproteins and endophytic fungal extracts 

resulted in promising new possibilities for the development of novel anti-HIV drugs.  

Using a trivalent miniprotein which contains three domains that mimic the CD4-binding 

pocket of gp120, we were able to demonstrate an almost complete inhibition of HIV-1 

entry and replication.  Furthermore, by analyzing endophytic fungal extracts we were 
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able to isolate 4 compounds that inhibit viral replication, potentially by a new mechanism 

of action.  Taken together, these studies could provide new weapons to fight the war on 

HIV and AIDS. 

 

4.4 Implications and Future Directions: 

 In this dissertation, I have characterized the molecular properties of the HIV-1 

gag nucleocapsid (NC) gene involved in vertical transmission, determined one of the 

possible mechanisms of differential HIV-1 infection in neonatal and adult cells, and 

evaluated the biological activity of several anti-HIV-1 agents.  In the analysis of HIV-1 

gag NC, I found that there was a low degree of heterogeneity and high conservation of 

functional motifs (zinc fingers, basic residues, late domain and Vpr binding sites) 

following vertical transmission suggests that these regions may be potential antiviral 

targets for the development of inhibitors to prevent vertical transmission.  With regards to 

the mechanisms of differential HIV-1 infection in neonatal and adult target cells, I have 

shown that HIV-1 integrates into a higher percentage of transcriptionally active genes in 

neonatal compared to adult cells, and this is accompanied by higher levels of host factors 

that could aid viral transcription and integration in neonatal cells.  These results could 

provide an explanation for the increased HIV-1 gene expression which is seen in neonatal 

vs adult cells.  Furthermore, I have evaluated the antiviral capabilities of novel HIV-1 

inhibitors.  These studies have demonstrated that trivalent CD4-mimetic miniproteins are 

able to greatly inhibit viral replication by interfering with HIV-1 entry into target cells, 
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and that compounds derived from endophytic fungi are also able to repress viral 

replication, but by unknown mechanisms. 

The results of this dissertation could be compounded upon by further analyzing 

these areas of research.  Conclusions regarding the functional motif conservation and low 

heterogeneity of the NC gene following vertical transmission could be bolstered by 

comparison of these sequences with those of the NC gene from mothers who failed to 

naturally transmit the virus to their child.  In addition, quanitation of HIV-1 integration 

events within neonatal cells and the chromatin structure at the site of integration may 

further elucidate the effect of differential HIV-1 integration in neonatal vs adult cells on 

HIV-1 gene expression within these cell types.  Finally, the mechanism of HIV-1 

inhibition of the endophytic fungal compounds may result in the discovery of novel 

inhibitory pathways that can be used to develop more effective antiretroviral drugs to 

combat the AIDS epidemic. 
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