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ABSTRACT 

 

 

 

AlAli Sally M.S. Department of Microbiology and Immunology, Wright State University,  

2013. TLED Novel Approaches For The Eradication Of HIV Latently Infected Cells. 

 

 

The development of a suitable experimental cell model to study HIV latency in primary 

cells could have a massive effect on the current approaches to eradicate virus in latently 

infected cells. The main proposal of this paper is to develop an in vitro HIV cell model 

that represents HIV latency in vivo, then to create a more effective viral vector in order to 

target HIV reservoirs.   For this goal, a directed evolution method is suggested to be used 

in order to mutate the AAV cap gene to generate a recombinant AAV vector that is 

capable of infecting primary resting CD4+ T cells previously infected with HIV-1 and in 

a latent stage. 
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I. INTRODUCTION 

Human immunodeficiency virus (HIV) is a lentivirus in the Retroviridae family. 

HIV causes acquired immunodeficiency syndrome (AIDS) in humans. Although the 

development of highly active antiretroviral therapy (HAART) has increased life 

expectancy, HIV reservoirs are still an obstacle to the eradication of the virus.  

HIV latency is a big challenge scientists face to completely eliminate HIV from 

patients’ bodies. In order to eradicate HIV latently infected cells, there is a big need to 

understand the mechanism of HIV latency. One strategy is to prevent latency. Another 

strategy for complete HIV eradication is to identify biomarkers for latently infected cells, 

in order to target them in vivo. Targeting HIV reservoirs can be done either by anti-

retrovirus drugs, or gene therapy. Anti-retrovirus drugs could be a possible way for full 

HIV eradication if it is specifically designed for eliminating HIV reservoirs. Gene 

therapy is another targeting strategy; it is a promising approach for targeting latent 

reservoirs.  

The main challenge in understanding HIV latency is to have a paradigm that is 

similar to in vivo latency. Studying HIV latency in vitro is an obstacle due to the lack of a 

cell model that represents HIV latent reservoirs.  The lack of cell model representing HIV 

latency is behind the reason that latency establishment is possible to start in multiple 

mechanisms. . A cell model representing HIV latency would allow the investigation of 
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these mechanisms. Moreover, HIV reservoirs are likely to be persistent in several cell 

types (Bosque and Planelles, 2011).   

 Numerous efforts have been undertaken to create a novel cell model to study HIV 

latency. Some of the early efforts to study latency have investigated chronically infected 

cell lines such as JΔK (Antoni et al., 1994) and ACH2 (Jordan  et al., 2003). JΔK cells 

originated from the Jurkat T cell line. These cells are infected with HIV-1 virus, which 

has deletion on its long terminal repeat (LTR) at the NFκB binding site. (Antoni et 

al.,1994) these cells are different from primary cells because it is proliferating constantly. 

Therefore, these cells never enter a quiescent stage. In the ACH2 cell model, tumor 

necrosis factor – alpha (TNF-α) can reactivate the HIV latent virus  (Jordan  et al., 2003). 

However, Tyagi, et al. (2010) reported no latent HIV-1 reactivation by TNF-α in a 

primary CD4+ latently infected cell model.  

Brooks, et al. (2001) generated an animal model by implanting a human fetal 

thymus and liver tissues into severe-combined immunodeficient mice (Thy/Liv SCID-

hu). This animal model is likely to be a promising alternative to in vitro research. The 

model created by Brooks and colleagues allows the study of latency in naïve CD4+ T 

cells, which contributes to 1.9% of HIV-1 reservoirs, while T central memory cells (TcM) 

contribute with 51.7% and T transitional memory (TTM) gives about 34.3% (Chomont  et 

al., 2010).  
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There have been several models developed that utilize primary T cells in order to 

study latency. Primary T cells are permitted to enter latency after activation and infection 

with HIV vectors. Several strategies have been used for this purpose such as, incubating   

latently infected T cells with IL-7 (Marini et al. 2008), or taking advantage of CD4+ T 

cells which can have an intermediate level of differentiation between two T cell subsets, 

naïve T cells and effector T cells (Bosque and Planelles, 2011). This intermediate or un 

committed phenotype will be referred to as non polarized CD4+ T cells in this paper. 

Studies of HIV latency in previous cell models have given us deeper knowledge 

about the possible mechanisms of latency. Understanding the mechanism of latency could 

provide insights into promising approaches to prevent latency. However, there is a greater 

possibility that latency may not be preventable from occurring. Therefore, targeting HIV-

1 reservoirs may be a more efficient way to achieve full eradication of HIV from the 

body. 

Identifying biomarkers for HIV reservoirs is an important step to target latently 

infected cells. Several studies have reported that the majority of HIV reservoirs are TcM 

and TTM subsets (Chomont et al., 2010), which both share the expression of CD45RO
+  

(Bosque and Planelles, 2011). Tyagi et al. (2010) identified HIV reservoirs, in the novel 

HIV latently infected cell model created by his team, as CD45RA
-
, CD45RO

+,
 CD27

low
, 

CCR7
low

, CD25
-
, and CD38

+
. This finding is consistent with previous studies, which 

suggest that TcM subsets represent HIV latently infected cells (Okada et al., 2008).  
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 Several previous studies have used HIV-based vectors or replication deficient 

HIV virus to infect CD4+ cells. In this paper, I propose to use wild type HIV to infect 

primary restingCD4+ T cells in order to determine whether the latently infected cells will 

express the same biomarkers reported in previous studies.  The second objective in this 

study will be to infect the HIV latently infected cells with an adeno-associated virus 

(AAV), which will be created using a directed evolution technique, in order to originate a 

novel therapeutic approach using gene therapy. This approach would be a more 

promising and convenient method if combined with HAART regimen for full HIV 

eradication. 
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II.  BACKGROUND 

  The development of the high active antiretroviral therapy (HAART) has a huge 

impact on controlling HIV infection, by acting on different phases of HIV life cycles. 

This treatment has improved HIV patients’ life expectancy, by maintaining immune 

system functions. It also protects patients from the opportunistic infections that frequently 

cause death cases among acquired immunodeficiency syndrome (AIDS) patients.  

Despite HAART improving the quality of life in HIV patients; therapy approaches have 

not been able to eradicate HIV reservoirs. These reservoirs can persist in patient’s body 

for approximately 44 months; these resting memory CD4+ T cells have low decay rates. 

Thus, it takes about 60 years for full HIV eradication (Siciliano  et al,. 2003). 

 HIV latently infected cells or HIV reservoirs are established early, during HIV 

acute infection after initial infection. It is believed that memory T cells are the main 

reservoir for HIV (Chomont  et al., 2010). Moreover, Chomont  et al. (2010) reported 

TcM isolated from HIV-1 aviremic patients forms the majority of HIV-1 latently infected 

cells. The same team also reported the presence of TTM subsets in the pool of HIV-1 

reservoirs (Chomont  et al.,  2010). 

 HIV latently infected cells are in resting stage in vivo. Resting stage is identified 

by the lack of cell activation markers, such as CD25, CD69, and HLADR (Bacchus et al., 

2013). HIV reservoirs are found in G0, which means decreased levels of cellular DNA 

and RNA synthesis (Richman., 1980). The necessity of cells entering G0 to become HIV 
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latent cells has not been investigated.  Another question with no answer is whether 

transition from G0 to G1 phase is a crucial step for HIV reactivation. 

There are three possible mechanisms for HIV latency in vivo. The first 

mechanism suggests the return of an activated CD4+ T cell to the resting state after the 

integration of HIV provirus. But for an activated, infected CD4+ T cell to survive, it must 

escape activation-induced cell death because it eradicates the majority of activated cells. 

Moreover, the cell must survive the HIV cytopathic effect (Shen  et al., 2000). 

Another possible theory for the establishment of HIV latency is that T cells allow 

reverse transcription and integration. However, this reverse transcription is not sufficient 

for viral replication. Infection through this time will allow the cell to avoid the HIV 

cytopathic effect (Shen  et al., 2000). 

A third suggested mechanism for the establishment of HIV latency reported the 

ability of resting CD4+ T cells to allow HIV integration and gene expression when these 

cells are treated with cytokines such as IL-2, IL-7, IL-15  (Unutmaz  et al., 1999).  

These three hypotheses have not been investigated due to the difficulty in creating 

an HIV latently infected cell model. It is hard to create a cell model that represents all cell 

types that associate with HIV latency in vitro because multiple cell types are involved in 

HIV latency in vivo. A second reason for the difficulty is that we still don’t know which 

cytokine mechanism or pathway is significant in HIV reactivation in vivo (Yang et al. 

2009). Last two decades have provided several studies aimed focused on understanding 

the latency mechanism. Some of these studies investigate latency in chronically HIV-
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infected cell lines (Antoni et al., 1993; Jordan  et al., 2003), animal models (Brooks et al., 

2001), And primary cell culture (Tyagi et al,. 2010; Bosque and Planelles, 2011; Saleh et 

al., 2010). 

Jordan  et al. (2003) created a latent HIV cell model using the ACH2 cell line. 

This model is based on chronically infected T cells generated from the parental T cell 

line, A3.01, that includes latent pro virus (Jordan et al., 2003). In this cell line Jordan and 

colleagues reported that reactivation of HIV-1 from latency could occur after adding 

TNF-α to the medium. However, the ACH2 cell line cannot represent true HIV latency 

because this finding is different than Tyagi et al. who found no evidence of HIV-1 

reactivation in HIV-1 latently infected cells in a primary isolated T cells upon TNF-α 

treatment (Tyagi  et al., 2010). 

 Another cell model based on a chronically infected cell line is the JΔK cell 

model. In this model, cells are derived from the Jurkat cell line and chronically infected 

with an HIV serotype that has a deletion in the long terminal repeat (LTR) at the NFκB 

binding site (Antoni et al., 1993). In this model HIV-1 reactivation occurs in a fashion 

independent of NFκB by incubating cells with PMA, hexamethylene bisacetamide or 

sodium butyrate (Antoni, et al., 1993). More investigation is needed to know the effect of 

the previous materials on any cell model that represents HIV latency in a more similar 

way.  

Antoni and Tyagi cell models gave us a deeper knowledge of a group of cytokines 

that are associated with HIV-1 reactivation. However, the previous cell models are not 
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completely parallel to the resting CD4+ T cells in G0 phase in HIV infected individuals 

(Chun et al., 1997; Finzi  et al., 1999) 

Another different approach to create an HIV latently infected cell model was 

originally created by Brooks et al. (2001). Using an animal model, Brooks and coworkers 

developed an animal model using severe-combined immunodeficient mice that have an 

implanted human fetal thymus (Brooks et al., 2001). Brooks and colleges generated 

latency at a high rate during thymopoiesis. The vast majority of latent cells in this in vivo 

model are naïve CD4+ T cells (Brooks et al., 2001). Naïve CD4+ T cells represents 1.9 

% of HIV latently infected cells while TcM and TTM represent 51.7 and 34.3% 

respectively (Chomont et al., 2009; OstrowskI. et al., 1999). Therefore, using this animal 

cell model is promising for studying HIV latency in naïve CD4+ T cells. However, naïve 

CD4+ T cells represent the minority in the population of HIV reservoirs.  

Another possible strategy to create HIV latency cell model is the ex vivo culturing 

of peripheral blood mononuclear cells (PBMC). By growing CD4+ T cells ex vivo, we are 

generating a more parallel paradigm to HIV latency in vivo.  There are two main 

challenges in using primary cells to create an ex vivo cell model for HIV latency. The 

first challenge is the short half-life of the primary cells. These cells cannot survive more 

than 20 days in vitro (Saleh et al., 2007; Peace et al., 2012). The second challenge is the 

limited cell numbers obtained from these models (Peace et al., 2012; Bosque et al., 

2009). Several trials were established to obtain a cell model that represents HIV 
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reservoirs in vivo using different strategies such as, non-polarized T cells (Bosque et al., 

2009), Bcl-2 cDNA transduced CD4+ T cells (Yang et al., 2009), and activated T cells 

co-cultured with a feeder cell line (Tyagi et al., 2010). 

Bosque and coworkers (2009) took advantage of non-polarized cells since they 

can be activated to Th1 and Th2 T cells or stay inactivated as TcM. The cells were 

infected with an env deficient HIV (DHIV), then cultured with medium that included IL-

2 (Bosque et al,. 2009). Although this cell model generated a large number of latently 

infected cells with different subtypes, cell viability was 20% at the end of the resting 

stage (Bosque et al., 2009). An important advantage of this model is the convenience of 

drug screening that could target various steps of HIV latency. However, this model is not 

perfect for studying HIV that targets chemokine receptor (R5 tropic virus) since these 

cells express lower CCR5 levels due to the activation step.  

Yang et al. (2009) transduced primary cells with lentiviral vector that expressed 

the B cell lymphoma-2 gene (BCL-2), which encodes an anti-apoptotic protein located 

downstream of IL-7 signaling (Yang, et al., 2009). Therefore, Inhibition of apoptosis 

allowed cells to survive longer independent of cytokine stimulation. This model 

generated enough cells, which is optimal for drug screening. However, the majority of 

model cells developed by Yang et al. (2009) generated effector memory T cells. These 

cells are the second minority after naïve T cells in HIV reservoirs pool (Chomont, et al. 

2009). Moreover, mutated HIV vector could potentially affect the results because it does 

not represent HIV wild type accurately.  
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Tyagi and colleagues (2010) infected activated primary CD4+ T cells isolated 

from healthy donors. After activation and infection with mutated HIV vector, cells were 

co-cultured with an H80 feeder cell line (Sahu  et al,. 2006; Tyagi  et al.,  2010). This cell 

model overcame the problem of the short half-life of latent cell models ex vivo (Sahu et 

al., 2006; Tyagi et al., 2010). Also, this cell model showed that epigenetic silencing and 

restricted P-TEFb levels contribute to HIV latency (Tyagi, et al., 2010). However, co-

culturing activated CD4+ T cells with the H80 feeder cell line results in a comparatively 

homogenous population of TcM (Tyagi et al., 2010). This means that the Tyagi and 

colleagues (2010) cell model does not allow the study of other T cell subsets that 

contribute to HIV latent cells pool such as the TTM subset (Chomont, et al., 2009). 

Furthermore, cells in nature are not completely resting as it appears in Tyagi and 

coworkers’ cell model, CD25
high

 and Ki67
high

 which means that these cells are actively 

proliferating (Tyagi et al., 2010). Finally, the use of mutated HIV may affect the behavior 

of the latent virus. 

The latent cell models discussed previously used activated T cells (Bosque et al., 

2009; Yang et al., 2009; Sahu et al., 2006: Tyagi et al., 2010), using activated T cells in 

HIV latent cell models can produce a large number of cells, which is suitable for drug 

screening (Bosque et al., 2009; Yang et al., 2009). However, activated T cells in a latent 

model result in a homogenous population of one T cell subset, such as a TcM population, 

resulted after activated T cells were co-cultured for a long period of time with H80 feeder 
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cells (Sahu et al., 2006; Tyagi et al., 2010). Thus, using activated T cells, as an HIV 

latent cell model does not parallel HIV latency in vivo. There is a big need to study HIV 

latency in a cell model that represents HIV reservoirs in vivo. The more similar the model 

is to in vivo HIV latency the greater benefit we get in identifying reservoirs and the 

biomarkers on these cells. Identifying biomarkers of HIV reservoirs is a promising 

strategy in targeting these cells to full HIV eradication.  

 The using of resting T cells in creating an HIV latent cell model could represent 

in vivo HIV latency in a more precise way. Direct infection of primary resting CD4+ T 

cells prevents any stimulation or activation that could change cellular characteristics, thus 

we can obtain CD4+ T cells potentially as they exist in the body. It is predicted that using 

resting cells will give us more accurate results, and it will allow us to study latency in all 

T cell types. Peace and colleagues (2012) developed an HIV latent cell model using 

resting T cells. In this cell model resting cells were spinoculated with HIV WT to 

increase infection. This experiment was done to measure the integration, transcription, 

and translation of HIV proteins; it shows that resting CD4+ cells have the ability to 

produce HIV Gag protein without enhancing the spread of infection (Peace et al., 2012). 

This study reflects the latency features of HIV in vivo. Also, it can give us more accurate 

results for T cells biomarkers as they are in the body. However, T cells in the Peace and 

coworkers cell model do not survive for longer than 20 days in vitro (Peace et al., 2012).  

This is considered a disadvantage in studying HIV latent cells, particularly when studying 



 

 12 

HIV latency for drug screening or gene therapy.  

Identifying biomarkers for HIV reservoirs is necessary to develop strategies to 

target these cells efficiently. Several studies identified biomarkers for HIV latent cells in 

primary CD4+ T cell (Tyagi et al., 2010; Bosque et al., 2009). These two studies revealed 

similar features of latently infected CD4+ T cells, which are CD45RA
-
, CD45RO

+
, 

CCR7
+
, CD27

+
. These cell markers show that HIV latent cells have the central memory 

T cells phenotype (Tyagi et al., 2010; Bosque et al., 2009). Additionally, Tyagi and 

colleagues investigated the cell proliferative state by detecting the nuclear proliferation 

markers Ki67 and BrdU in HIV latently infected cells in the cell model (Tyagi et al., 

2010). The results show that the majority but not all latent cells are quiescent. Tyagi and 

coworkers suggest that the Ki67 positive cells are viable for a longer time when treated 

with IL-2  (Tyagi et al., 2010). However, both Tyagi and Bosque previous studies were 

done in cell models that were not quite parallel to in vivo HIV latency since Tyagi’s 

model resulted in a homogenous T cells subset of T central memory cells (Tyagi et al., 

2010), and the Bosque cell model had a majority of non-polar T cells that express 

CD45RA
+ 

(Bosque et al., 2009). On the other hand, Bacchus and colleagues identified 

biomarkers for HIV reservoir in vivo, which were CD25
-
, CD69

-
, and HLADR

-
 (Bacchus 

et al. 2013). Additionally, this study revealed four resting CD4+ T cells subsets that 

contribute to the different percentages of subsets found in the in vivo HIV latency pool. 

These four resting CD4+ T cells subsets are: naive (CD45RA+CCR7+CD27+) 2%, 
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central-memory (CD45RA-CCR7+CD27+) 17%, transitional memory (CD45RA-CCR7-

CD27+) 58%, and effector memory cells (CD45RA-CCR7-CD27-) 9.7% (Bacchus et al., 

2013). Comparing HIV latent cells isolated as described in the method section below to 

these studies described above using the same biomarkers will allow us to compare the 

similarity of our cell model to the in vivo HIV latent cell populations. 

Pace et al. (2012) developed a cell model that revealed an important feature of 

HIV reservoirs, which is the Gag protein persistence in these cells. Resting T cells 

produce a smaller quantity of HIV proteins and fewer types of HIV proteins (Pace et al., 

2012). Results found by Pace and coworkers are consistent with the in vivo results that 

the Gag protein is more predominant in resting cells than env and vif proteins (Zhang et 

al., 1999). Thus, targeting HIV reservoirs producing Gag protein will be more beneficial 

than targeting latent HIV cells expressing env (Berger, and Pastan, 2010)  

In this paper I propose to use primary resting CD4+ T cells without activation, 

then to infect these cells with HIV WT in order to have the advantage of a parallel cell 

model to HIV latency in vivo. Thus, identifying cell markers before and after infection 

will be more efficient to determine the changing that occurs in T cells subsets and 

phenotypes before and after infection. Another purpose of this system is to target HIV 

latent cells with adeno-associated virus (AAV). Targeting cells needs HIV latent cells to 

survive for long period. Thus, cells will be co-cultured with H80 feeder cell line to ensure 

cell survival in our cell model.  
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Gene therapy is a potential method to cure several diseases. It has shown 

encouraging results in treating diseases such as cystic fibrosis (Wagner JA, et al. 

1998; Excoffon et al., 2009), improvement of vision in Leber congenital amaurosis 

patients (Maguire et al. 2008), and severe combined immunodeficiency SCID-X1 

disease (Cavazzana et al., 2000). With using gene therapy, scientists can deliver a 

gene in order to correct a defective gene in patient’s body, or to improve cell 

capability to fight infectious agents. Thus, it can be said that gene therapy is a 

developed form of drug delivery, and it could be applied for a vaccination strategy. 

AAV is a member of of the Parvoviridae family and is a Dependovirus. 

The AAV wild type genome is 4.7 Kb, it is a linear, single stranded DNA virus 

with 2 open reading frames ORFs. The first open reading frame is rep, this area 

encodes transcripts for 4 proteins that are required for AAV genome replication. 

The second ORF is cap and encodes 3 proteins (VP1-3) that build the AAV 

capsid (Muzyczka , Berns , 2001). AAV is a potential viral vector candidate that 

may target HIV reservoirs for several reasons; first, AAV capsid is highly 

evolved; this capsid could be engineered in a way that it can change AAV tropism 

since it is encoded by a single gene (Summerford , Samulski  ,1998; Walters , et 

al., 2001; Gao et al. 2004). Mutating the AAV cap is a possible strategy to target 

cells other than those that AAV WT usually infects. The second reason that makes 

AAV a better viral vector is the high level of safety when using this virus in 
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humans. AAV has never been documented to cause human disease (Moss et al., 

2007). Also, the ability of AAV Type 2 to infect lymphocytes was investigated in 

3 B cell subsets and 4 T cell types; the results show that AAV is able to infect all 

tested lymphocyte subsets (Mendelson et al., 1992). Moreover, AAV has been 

reported to successfully infect alveolar cells, which are mature, non-dividing cells 

(Mendelson et al., 1992). Finally, the development of synthetic biology 

techniques such as, directed evolution would be promising if it is used with AAV 

to create a mutated cap gene, which can change AAV tropism and target more cell 

types in a more efficient and specific fashion. 

Inouye and coworkers reported a strong inhibition of HIV-1 in primary T 

cells and alveolar macrophages when they delivered combined anti-Rev single-

chain immunoglobulin (SFv) or Rev response element (RRE) decoy genes 

delivered by AAV vector (Inouye, et al.,1997). It is also a promising strategy to 

create a vaccine that prevents HIV infection. Furthermore, it shows that immune 

cells (T cells and alveolar macrophages) are capable of being infected with more 

than one virus, AAV and Ad5 and HIV (Inouye, et al., 1997). However, the 

efficient delivery of this strategy has not been yet investigated.  

Mendelson et al.(1992) reported an increase of about 60-70% in HIV-1 

reverse transcription when lymphocytes are co-infected with either adenovirus or 

adeno-associated virus alone (Mendelson et al., 1992). The increase of reverse 
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transcription activity was decreased by about 20% when cells were infected with 

AAV plus Ad2 virus together (Mendelson et al., 1992). The study highlights an 

important advantage of AAV, which is the ability of these viruses to interact with 

HIV-1 after infecting lymphocytes. Thus, T cells can survive after being infected 

with 3 viruses (Mendelson et al., 1992). However, the yield of infectious AAV 

was low in most cases (Mendelson et al., 1992). The low rate of infectious AAV 

could be due to the low viral tropism to lymphocytes. Therefore, developing AAV 

cap gene for better infection of lymphocytes using directed evolution would be a 

possible way to target HIV reservoirs in our HIV latent cell model.  

The directed evolution strategy has a potential effect in changing the 

functional properties of enzymes, proteins, and genes. Directed evolution occurs 

when we applied selective pressure to a library of objects in order to get the most 

desired properties of these objects.  

Excoffon et al. (2009) demonstrated the capability of AAV to develop 

remarkably greater infectivity within the airway epithelium when a library of 

AAV cap mutants were placed under selective pressure. When the AAV vector 

was customized with the mutated AAV cap gene after directed evolution, it was 

better able to infect human airway epithelia (Excoffon  et al., 2009). Thus, using 

directed evolution to mutate AAV cap gene in order to infect HIV latent cells is 

likely a promising approach in targeting HIV reservoirs. 
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The first goal in this paper is to generate an efficient HIV latency model 

that is parallel to the in vivo HIV latency pool. Our HIV latent cell model will 

allow us to identify HIV latent cells’ biomarkers before and after being infected 

with HIV WT. To guarantee that cells will survive for longer time, cells will be 

co-cultured with the H80 feeder cell line (Sahu et al., 2006; Tyagi et al., 2010). 

Additionally, our novel cell model will give us the chance to investigate the 

reasons behind the predominant levels of HIV Gag protein in latently infected 

cells reported by Pace and colleagues (Pace et al.,  2012). The second goal of this 

study is to engineer a viral vector that is capable of infecting HIV reservoirs and 

express a GFP gene or an anti-HIV gene within these latent cells. AAV is a 

potential candidate for targeting HIV reservoirs due to its high safety profile in 

humans. Targeting HIV latent cells with AAV vector that is capable to get high 

gene expression could be a significant step towards the eradication of HIV 

reservoirs in patients’ body.  
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III. AN OVERVIEW OF THE METHOD 

T cell isolation:  

T cells will be isolated from PBMC. To purify resting T cells, we can stain 

the cells with R-Phycoerythrin (PE) Conjugated Antibodies against CD25, CD69, 

and HLA-DR, and then use Anti-PE magnetic beads (Pace et al., 2012). Pace and 

colleagues method in isolating resting CD4+ T cells has a purity greater than 98% 

(Pace et al., 2012).  

Purified cells can go through more investigation to identify resting CD4+ 

T cells biomarkers, and compare the obtained subtypes with the in vivo studies by 

Bacchus et al. (2013) The four resting CD4+ T cells subsets in this study are: 

naive (CD45RA+CCR7+CD27+) 2%, central-memory (CD45RA-CCR7+CD27+) 

17%, transitional memory (CD45RA-CCR7-CD27+) 58%, and effector memory 

cells (CD45RA-CCR7-CD27-) 9.7% (Bacchus et al., 2013) 

Incubating resting CD4+ T cells: 

Resting CD4+ T cells will left in RPMI medium, containing 10% fetal calf 

serum (FCS) and antibiotics, with no stimulation (Pace et al., 2012). 

Other resting CD4+ T cell groups will be stimulated with either IL-7 or 

anti-CD28/CD3. Stimulated CD4+ T cells will used to evaluate the differences 
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between cell markers in resting CD4+ T cell with/without stimulation, and then 

compare our results with the in vivo results by Bacchus et al. (2013). 

Stimulated and non-stimulated resting CD4+ groups will be tested for the 

following biomarkers: CD45RA, CD45RO, CCR7, CD27, CD25, CD69. 

Identifying CD4+ T cells biomarkers will be helpful to determine the difference in 

T cell subsets in each CD4+ T cells groups (stimulated/ non-stimulated). 

Infecting CD4+ T cells: 

Stimulated and non-stimulated CD4+ T cells will be infected with HIV WT. Cells 

will be stained with trypan blue stain to ensure cell viability. 

 One of the big concerns in this stage is that HIV WT could induce cell death. 

Therefore, using Drug resistant HIV variants is likely to be a good alternative strategy if 

HIV WT caused cell death. Another pitfall in our HIV latent cell paradigm is the spread 

of HIV in cell culture. Therefore, cell media will include antiretroviral drug to select for 

cells with HIV integration but not replication. 

Identifying Biomarkers for CD4+ T cells post infection: 

Same cell biomarkers in Bacchus et al. (2013) study will be identified which are: 

naive (CD45RA+CCR7+CD27+), central-memory (CD45RA-CCR7+CD27+) , 

transitional memory (CD45RA-CCR7-CD27+) , and effector memory cells (CD45RA-
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CCR7-CD27-) (Bacchus et al. 2013). in order to determine CD4+ T cells subsets after 

entering latency. Moreover, Ki67 and BrdU staining will be performed to check the 

proliferation stage of the cells. 

For further investigations, chromatin immunoprecipitation (ChIP) assay will be 

performed as described in Tyagi et al. (2007). ChIP assay will be performed in order to 

determine the levels of chromatin in resting primary CD4+ models. 

Long-term incubation:  

Cells will be incubated for long period using the H80 feeder cell line as 

previously described in the Tyagi and coworkers paradigm (Tyagi et al., 2010). 

Pitfall: HIV WT could infect H80 feeder cells. Thus, using H80 feeder cells 

supernatants may be a possible way to maintain HIV latent cells if our model cells 

survive, and to avoid an HIV cytopathic effect on H80 feeder cells if it occurs. 

AAV viral vector construction: 

 AAV viral vector will be constructed using the directed evolution method as 

previously described by Excoffon et. al (2009). Briefly, AAV2 and AAV5 cap genes will 

be amplified via PCR. DNA shuffling will be performed as previously described (Zaho  

et al., 1998; Stemmer, 1994). Next, the chimeric cap genes will be cloned in pSub2 for 

recombinant AAV (rAAV) construction (Maheshri et al., 2006). Error-prone PCR will be 
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done for subsequent evolution sequences (Maheshri et al., 2006). 

  The method for viral production will be as previously described by Excoffon and 

colleagues (Excoffon et al,. 2009). 

rAAV in vitro selection and characterization :  

To select the best AAV vector that is able to infect HIV latent cells, AAV will be 

diluted in EMEM and added to HIV latent cells. After 16 hours of incubation, 

unbound viruses will be washed off with PBS (Excoffon et al., 2009). Three days 

later, AAV vectors will be amplified by adding Ad5 as a helper virus, as previously 

described (Maheshri et al., 2006). After 3 days, AAV DNA will be recovered by PCR 

amplification and cloned into pSub2 to produce more rcAAV, and selected for pXX2 

NotI for rAAV production (Koerber  et al., 2008). 

To determine the relative efficiency of AAV transduction in HIV latent cells, the 

latter will be infected with rAAV vectors that carry cDNA encoding green fluorescent 

protein (GFP). The percentage of GFP cells will be quantified using flow cytometry 

48 hours post infection (Excoffon et al., 2009). Cells will be stained with Trypan blue 

to check viability.  

 

 



 

 22 

IV. REFERENCES 

 

1. Alberto Bosque , Vicente Planelles. 2012. Studies of HIV-1 latency in an ex vivo 

model that uses primary central memory T cells. Methods (San Diego, Calif.), 

53(1), 54-61 DOI: 10.1016/j.ymeth.2010.10.002. 

2. Antoni, B., Rabson, A., Kinter, A., Bodkin, M., , & Poli, G. 1994. NF-kappa 

B-dependent and -independent pathways of HIV activation in a chronically 

infected T cell line. Virology, 202(2), 684-94. doi:10.1006/viro.1994.1390. 

3. Bacchus, C., Cheret, A., Avettand-Feno, ël, V., Nembot, G., M, ,…Rouzioux, 

C. 2013. A single HIV-1 cluster and a skewed immune homeostasis drive the 

early spread of HIV among resting CD4+ cell subsets within one month post-

infection. PLoS One, 8(5), e64219. doi:10.1371/journal.pone.0064219. 

4. Berger, E., , & Pastan, I. 2010. Immunotoxin complementation of HAART to 

deplete persisting HIV-infected cell reservoirs. PLoS Pathogens, 6(6), 

e1000803. doi:10.1371/journal.ppat.1000803. 

5. Brooks, D., Kitchen, S., Kitchen, C., Scripture-Adams, D., , & Zack, J. 2001. 

Generation of HIV latency during thymopoiesis. Nature Medicine, 7(4), 459-

64. doi:10.1038/86531. 

6. Cameron, P., Saleh, S., Sallmann, G., Solomon, A., Wightman, F., Evans, V., 

,…Lewin, S. 2010. Establishment of HIV-1 latency in resting CD4+ T cells 

depends on chemokine-induced changes in the actin cytoskeleton. 



 

 23 

Proceedings of the National Academy of Sciences, 107(39), 16934-9. 

doi:10.1073/pnas.1002894107. 

7. Cavazzana-Calvo M, Lagresle C, Hacein-Bey-Abina S, Fischer A. 2000. Gene 

therapy for severe combined immunodeficiency. Annu Rev Med 

2005;56:585–602.  

8. Chomont, N., El-Far, M., Ancuta, P., Trautmann, L., Procopio, F., Yassine-

Diab, B., ,…ékaly, R. 2009. HIV reservoir size and persistence are driven by 

T cell survival and homeostatic proliferation. Nature Medicine, 15(8), 893-

900. doi:10.1038/nm.1972. 

9. Chun, T., Carruth, L., Finzi, D., Shen, X., DiGiuseppe, J., Taylor, H., 

,…Siliciano, R. 1997. Quantification of latent tissue reservoirs and total body 

viral load in HIV-1 infection. Nature (London), 387(6629), 183-8. 

doi:10.1038/387183a0. 

10. Excoffon, K., Koerber, J., Dickey, D., Murtha, M., Keshavjee, S., Kaspar, B., 

,…Schaffer, D. 2009. Directed evolution of adeno-associated virus to an 

infectious respiratory virus. Proceedings of the National Academy of 

Sciences, 106(10), 3865-70. doi:10.1073/pnas.0813365106. 

11. Finzi, D., Blankson, J., Siliciano, J., Margolick, J., Chadwick, K., Pierson, T., 

,…Siliciano, R. 1999. Latent infection of CD4+ T cells provides a mechanism 

for lifelong persistence of HIV-1, even in patients on effective combination 



 

 24 

therapy. Nature Medicine, 5(5), 512-7. doi:10.1038/8394. 

12. Folks, T., Clouse, K., Justement, J., Rabson, A., Duh, E., Kehrl, J., , & Fauci, 

A. 1989. Tumor necrosis factor alpha induces expression of human 

immunodeficiency virus in a chronically infected T-cell clone. Proceedings of 

the National Academy of Sciences, 86(7), 2365-8. 

13. Gao, G., Vandenberghe, L., Alvira, M., Lu, Y., Calcedo, R., Zhou, X., 

, & Wilson, J. 2004. Clades of Adeno-associated viruses are widely 

disseminated in human tissues. Journal of Virology, 78(12), 6381-8. 

doi:10.1128/JVI.78.12.6381-6388.2004. 

14. Inouye, R., Du, B., Boldt-Houle, D., Ferrante, A., Park, I., Hammer, S., 

,…Terwilliger, E. 1997. Potent inhibition of human immunodeficiency virus 

type 1 in primary T cells and alveolar macrophages by a combination anti-

Rev strategy delivered in an adeno-associated virus vector. Journal of 

Virology, 71(5), 4071-8 

15. Jordan, A., Bisgrove, D., , & Verdin, E. 2003. HIV reproducibly establishes a 

latent infection after acute infection of T cells in vitro. The EMBO journal - 

European Molecular Biology Organization, 22(8), 1868-77. 

doi:10.1093/emboj/cdg188. 

16. Koerber, J., Jang, J., , & Schaffer, D. 2008. DNA shuffling of adeno-

associated virus yields functionally diverse viral progeny. Molecular Therapy, 

16(10), 1703-9. doi:10.1038/mt.2008.167. 



 

 25 

17. Maguire, A., Simonelli, F., Pierce, E., Pugh EN Jr, Mingozzi, F., Bennicelli, 

J., ,…Bennett, J. (2008). Safety and efficacy of gene transfer for Leber's 

congenital amaurosis. New England journal of medicine, 358(21), 2240-8. 

doi:10.1056/NEJMoa0802315. 

18. Maheshri, N., Koerber, J., Kaspar, B., , & Schaffer, D. 2006. Directed 

evolution of adeno-associated virus yields enhanced gene delivery vectors. 

Nature Biotechnology, 24(2), 198-204. doi:10.1038/nbt1182. 

19. Matthew J. Pace, Luis Agosto, Erin H. Graf1, and Una O’Doherty. 2011. HIV 

Reservoirs and Latency Models. Virology 411(2): 344–354.  

20. Mendelson, E., Grossman, Z., Mileguir, F., Rechavi, G., , & Carter, B. 1992. 

Replication of adeno-associated virus type 2 in human lymphocytic cells and 

interaction with HIV-1. Virology, 187(2), 453-63. 

21. Moss, R., Milla, C., Colombo, J., Accurso, F., Zeitlin, P., Clancy, J., ,…Heald, 

A. 2007. Repeated aerosolized AAV-CFTR for treatment of cystic fibrosis: a 

randomized placebo-controlled phase 2B trial. Human Gene Therapy, 18(8), 

726-32. doi:10.1089/hum.2007.022 

22. Muzyczka N, Berns KI. 2001. in Fields Virology, eds Knipe DM and Howley 

PM (Lippin-   cott, Williams & Wilkins, Philadelphia), pp. 2327–2359. 

23. Okada, R., T. Kondo, F. Matsuki, H. Takata, and M. Takiguchi. 2008. 

 Phenotypic classification of human CD4+ T-cell subsets and their differen- 



 

 26 

  tiation. Int. Immunol. 20:1189–1199. 

24. Ostrowski, M., Chun, T., Justement, S., Motola, I., Spinelli, M., Adelsberger, 

J., ,…Fauci, A. 1999. Both memory and CD45RA+/CD62L+ naive CD4(+) T 

cells are infected in human immunodeficiency virus type 1-infected 

individuals. Journal of Virology, 73(8), 6430-5. 

25. Pace, M., Graf, E., Agosto, L., Mexas, A., Male, F., Brady, T., ,…O'Doherty, 

U. 2012. Directly infected resting CD4+T cells can produce HIV Gag without 

spreading infection in a model of HIV latency. PLoS Pathogens, 8(7), 

e1002818. doi:10.1371/journal.ppat.1002818. 

26. Richman, D. 1980. Lymphocyte cell-cycle analysis by flow cytometry. 

Evidence for a specific postmitotic phase before return to G0. Journal of Cell 

Biology, 85(2), 459-65. 

27. Saleh, S., Solomon, A., Wightman, F., Xhilaga, M., Cameron, P., , & Lewin, 

S. 2007. CCR7 ligands CCL19 and CCL21 increase permissiveness of resting 

memory CD4+ T cells to HIV-1 infection: a novel model of HIV-1 latency. 

Blood, 110(13), 4161-4. doi:10.1182/blood-2007-06-097907. 

28. Shen, A., Siliciano, J., Pierson, T., Buck, C., , & Siliciano, R. 2000. 

Establishment of latent HIV-1 infection of resting CD4(+) T lymphocytes does 

not require inactivation of Vpr. Virology, 278(1), 227-33. 

doi:10.1006/viro.2000.0650. 



 

 27 

29. Shiu, C., Cunningham, C., Greenough, T., Muresan, P., Sanchez-Merino, V., 

Carey, V., ,…Persaud, D. 2009. Identification of ongoing human 

immunodeficiency virus type 1 (HIV-1) replication in residual viremia during 

recombinant HIV-1 poxvirus immunizations in patients with clinically 

undetectable viral loads on durable suppressive highly active antiretroviral 

therapy. Journal of Virology, 83(19), 9731-42. doi:10.1128/JVI.00570-09. 

30. Siliciano, J., Kajdas, J., Finzi, D., Quinn, T., Chadwick, K., Margolick, J., 

,…Siliciano, R. 2003. Long-term follow-up studies confirm the stability of the 

latent reservoir for HIV-1 in resting CD4+ T cells. Nature Medicine, 9(6), 727-

8. doi:10.1038/nm880. 

31. Stemmer, W. 1994. DNA shuffling by random fragmentation and reassembly: 

in vitro recombination for molecular evolution. Proceedings of the National 

Academy of Sciences, 91(22), 10747-51. 

32. Summerford, C., , & Samulski, R. 1998. Membrane-associated heparan 

sulfate proteoglycan is a receptor for adeno-associated virus type 2 virions. 

Journal of Virology, 72(2), 1438-45. 

33. Tyagi, M., Pearson, R., , & Karn, J. 2010. Establishment of HIV latency in 

primary CD4+ cells is due to epigenetic transcriptional silencing and P-TEFb 

restriction. Journal of Virology, 84(13), 6425-37. doi:10.1128/JVI.01519-09. 

34. Tyagi, M., , & Karn, J. 2007. CBF-1 promotes transcriptional silencing 

during the establishment of HIV-1 latency. The EMBO journal - European 



 

 28 

Molecular Biology Organization, 26(24), 4985-95. 

doi:10.1038/sj.emboj.7601928 

35. Unutmaz, D., KewalRamani, V., Marmon, S., , & Littman, D. 1999. Cytokine 

signals are sufficient for HIV-1 infection of resting human T lymphocytes. 

Journal of Experimental Medicine, 189(11), 1735-46. 

doi:10.1084/jem.189.11.1735. 

36. Wagner, J., Moran, M., Messner, A., Daifuku, R., Conrad, C., Reynolds, T., 

,…Gardner, P. 1998. A phase I/II study of tgAAV-CF for the treatment of 

chronic sinusitis in patients with cystic fibrosis. Human Gene Therapy, 9(6), 

889-909. doi:10.1089/hum.1998.9.6-889. 

37. Walters, R., Yi, S., Keshavjee, S., Brown, K., Welsh, M., Chiorini, J., 

, & Zabner, J. 2001. Binding of adeno-associated virus type 5 to 2,3-linked 

sialic acid is required for gene transfer. Journal of Biological Chemistry, 

276(23), 20610-6. doi:10.1074/jbc.M101559200. 

 

38. Yang, H., Shen, L., Siliciano, R., , & Pomerantz, J. 2009. Isolation of a 

cellular factor that can reactivate latent HIV-1 without T cell activation. 

Proceedings of the National Academy of Sciences, 106(15), 6321-6. 

doi:10.1073/pnas.0809536106. 



 

 29 

39. Yang, H., Xing, S., Shan, L., O'Connell, K., Dinoso, J., Shen, A., ,…Siliciano, 

R. 2009. Small-molecule screening using a human primary cell model of HIV 

latency identifies compounds that reverse latency without cellular activation. 

Journal of Clinical Investigation, 119(11), 3473-86. doi:10.1172/JCI39199. 

40. Zhang, Z., Schuler, T., Zupancic, M., Wietgrefe, S., Staskus, K., Reimann, 

K., ,…Haase, A. 1999. Sexual transmission and propagation of SIV and HIV in 

resting and activated CD4+ T cells. American Association for the 

Advancement of Science. Science, 286(5443), 1353-7. 

41. Zhao, H., Giver, L., Shao, Z., Affholter, J., , & Arnold, F. 1998. Molecular 

evolution by staggered extension process (StEP) in vitro recombination. 

Nature Biotechnology, 16(3), 258-61. doi:10.1038/nbt0398-258. 

 

 

 

 

 

 

 

 


	Novel Approaches for the Eradication Of HIV Latently Infected Cells
	Repository Citation

	tmp.1466606165.pdf.ZG0iA

