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ABSTRACT 
HIV‑1 latency is a major barrier towards virus eradication from infected individuals. 
The majority of the latent reservoir consists of resting CD4+ T lymphocytes, but we 
recently demonstrated that activated CD4+ T lymphocytes can also harbor latent 
HIV‑1 provirus. These latently infected proliferating T lymphocytes may return to a 
resting state and thereby contribute to the long-lived HIV‑1 reservoir in memory 
T lymphocytes. Activation of HIV‑1 from latency can be mediated by co-culturing of 
infected T lymphocytes with dendritic cells (DCs). Investigating the mechanism(s) of 
activation revealed that both a DC-secreted factor and DC-T cell contact are involved 
in activation. Cell-cell interaction did not involve the T cell receptor or DC-SIGN, but 
did involve the general adhesion molecule ICAM1. Here we continue studying the 
molecular mechanisms and found that the DC-secreted factor is a surprisingly large 
protein or protein complex (>100 kDa) and that the cell-cell interaction involves    
tetraspanins. Understanding the molecular mechanisms that purge HIV‑1 out of    
latency may be useful to improve intervention therapies to overcome latency. 
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INTRODUCTION 
HIV‑1 latency is an impediment towards virus eradication from infected individuals. 
Resting T lymphocytes are the largest contributor to the reservoir, but we and others 
recently demonstrated that proliferating effector T lymphocytes can also harbor   
latent HIV‑1 provirus1-4. A latently infected  effector T lymphocyte may return to a 
resting phenotype and thereby contribute to the long-lived reservoir of latently    
infected T cells. As described in Chapter 4, the activation of latent provirus in effector 
T lymphocytes could not be induced with conventional anti-latency drugs such as 
TNFα, PMA, PHA, IL-2, TSA or NaBut, but the HIV‑1 provirus could be purged from 
latency by co-culturing of the infected T lymphocyte with monocyte-derived         
dendritic cells (DCs). Activation of latent provirus was mediated by DC-secreted     
molecule(s) and DC-T cell contact. The cell-cell-mediated activation did not involve 
the T cell receptor (TCR) or DC-SIGN but was mediated via a general adhesion   
mechanism. Blocking cell-cell interactions with antibodies specific for the general 
adhesion molecule ICAM1 inhibited activation of latent provirus, whereas addition of 
αICAM2 or αICAM3 antibodies had no effect. Interestingly, mature DCs (mDCs), 
when compared to immature DCs (iDCs), are less efficient in purging the virus from 
latency (Chapter 6). Understanding the molecular mechanisms that purge HIV‑1 out 
of latency may be useful to improve current intervention therapies to overcome    
latency. Here we set out to further explore the molecular mechanism behind the     
DC-mediated activation of latent provirus and summarized the preliminary results. 
 
 

RESULTS 
Activating HIV‑1 provirus from latency with mature and immature DCs. Previously 
we demonstrated that primary PHA-activated T lymphocytes can harbor latent HIV‑1 
provirus. Co-culturing of such T lymphocytes with    monocyte-derived dendritic cells 
(DCs) activated the provirus from latency (Chapter 4)4. The DC maturation status  
affects this activation as mature DCs (mDCs) are less efficient than immature DCs 
(iDCs) in the activation of latent provirus (Chapter 6). To further investigate this, both 
iDCs as well as differentially maturated DCs were tested for their anti-latency       
properties. DCs were cultured with LPS, poly(I:C) or IFNγ for 24 hours and DC      
maturation was confirmed by measuring the up-regulation of activation markers 
CD83, CD86 and HLA-DR (MHC class II) by flow cytometry (Fig. 1A). The 
T lymphocytes were infected for 4 hours with HIV‑1 according to the latency assay, 
using the fusion inhibitor T1249 to block new rounds of viral replication. The 
T lymphocytes were mock treated or co-cultured with iDC, mDCLPS, mDCpoly(I:C) or 
mDCIFNγ. After 24 hours cells were harvested, fixed, stained for extracellular CD3 and 
intracellular CA-p24 and percentages of virus producing cells was measured with 
flow cytometry. The difference in percentage CA-p24 positive cells between the        
co-culture and mock treated culture was used as a measure for the activation of la-
tent provirus and is presented as the fold activation. Co-culturing of the 
T lymphocytes with iDCs induced the percentage of CA-p24 positive cells to increase 
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3.4-fold (Fig. 1B). Co-culturing of the T lymphocytes with LPS maturated DCs induced 
only 1.8-fold activation of HIV‑1 provirus from latency, which is significantly lower 
compared to iDC-mediated activation. Maturating the DCs with poly(I:C) or IFNγ 
yielded mostly similar induction of latent provirus (1.6- and 2.4–fold, respectively). 
These results again confirm that mDCs can also activate the HIV‑1 provirus from   
latency in primary PHA-activated T lymphocytes but iDCs are more potent activators 
than mDCs. 
 
Cell-cell contact and a secreted iDC factor contribute to the activation of HIV‑1   
provirus from latency. To test whether the difference between iDC- and mDC-
mediated activation of HIV‑1 provirus from latency is induced by cellular contact or 
by a secreted component, the HIV‑1 infected T lymphocytes were co-cultured with 
iDCs or mDCs with and without the iDC or mDC culture media. Co-culturing of the 
T lymphocytes with iDCs induced a 5.8-fold increase in the percentage CA-p24      
positive cells whereas the mDCs induced a 2.7-fold activation, with this particular 
donor (Fig. 2A). Next, iDCs and mDCs were washed and resuspended in fresh culture 
medium directly before the co-culture with T lymphocytes. Washed iDCs and mDCs 
induced activation of latent provirus with a similar 3.4- and 3.7-fold activation,         
respectively (Fig. 2B). Cell-free supernatants from either iDC or mDC were also added 
to the HIV‑1 infected T lymphocyte culture. Culturing the T lymphocytes with          
cell-free iDC supernatant induced a 2.7-fold activation of HIV‑1 provirus (Fig. 2C). 
The cell-free mDC culture supernatant hardly induced the CA-p24 positive 
T lymphocytes to increase (1.4-fold). These results demonstrate that both iDC and 
mDC can activate the HIV‑1 provirus from latency but whereas the supernatant from 

Fig. 1. Activating HIV‑1 provirus from latency with 
mature and immature DCs. A: Representative 
mean fluorescent intensity (MFI) histogram of 
immature DCs (iDC, filled grey) expressing low 
levels CD83, CD86 and intermediate levels of MHC 
class II (HLA-DR) or poly(I:C) stimulated DCs for a 
maturated DC phenotype (mDC, black line)       
expressing high levels of CD83, CD86 and MHC 
class II. B: Fold activation of the percentage CA-p24 
positive T lymphocytes after 24 hour mock      
treatment or co-culture with iDC, mDCLPS, mDCpoly

(I:C) or mDCIFNγ. Results are the mean values (± sem) 
of a single experiment performed in triplicate 
(n=3). 
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iDCs has a clear additive effect on the cell-cell induced activation of latent provirus 
(supernatant: 2.7-fold activation, cells: 3.4-fold, supernatant+cells: 5.8-fold) the mDC       
supernatant might even inhibit the cell-cell induced activation (sup: 1.4-fold, cells: 
3.7-fold, sup+cells: 2.7-fold). 
 
To investigate if mDC supernatant indeed inhibits the cell-cell mediated activation, 
HIV‑1 infected T lymphocytes were co-cultured with iDCs that were washed and  
resuspended in either fresh culture medium, iDC supernatant or mDC supernatant 
(Fig. 2D). Co-culturing of T lymphocytes with iDCs resuspended in fresh medium   

Fig. 2. Cell-cell contact and a secreted iDC factor contribute to activation of HIV‑1 provirus from    
latency. A: Fold activation of the percentage CA-p24 positive T lymphocytes after 24 hour mock        
treatment or co-culture with iDC or mDCpoly(I:C). B: Fold activation of the percentage CA-p24 positive 
T lymphocytes after 24 hour mock treatment or co-culture with iDC or mDCpoly(I:C), washed and          
resuspended in fresh culture medium prior to the co-culture. C: Fold activation of the percentage        
CA-p24 positive T cells after mock treatment or addition of iDC or mDCpoly(I:C) culture supernatant. D: 
Fold activation of the CA-p24 positive T cells after 24 hour mock treatment or co-culture with iDCs, 
washed and resuspended in fresh culture medium, iDC culture supernatant or mDCpoly(I:C) culture       
supernatant. E: Fold activation of the CA-p24 positive T cells after 24 hour mock treatment or co-culture 
with poly(I:C) stimulated mDCs, washed and resuspended in either fresh culture medium, iDC culture 
supernatant or mDC culture supernatant. Results are the mean values (± sem) of two or three            
independent experiments, each experiment was performed in duplicate or triplicate (A, B and C n=7. D 
and E n= 5). 
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induced a 3.4–fold activation of latent provirus. The activation of latent provirus    
increased 5.8–fold when iDCs were resuspended in iDC culture supernatant.              
Co-culturing of the T lymphocytes with iDCs resuspended in mDC supernatant 
yielded a 3.1-fold activation, which is comparable to the induction with iDCs           
resuspended in fresh culture medium. This result indicates that the mDC culture    
supernatant does not inhibit the iDC-mediated activation of latent HIV‑1 provirus. A 
reciprocal experiment was performed in which T lymphocytes were co-cultured with 
mDCs that were washed and resuspended in either fresh culture medium, iDC        
supernatant or mDC supernatant (Fig. 2E). The mDCs resuspended in fresh culture 
medium increased the percentage of CA-p24 positive T lymphocytes with 3.7–fold. 
Addition of iDC supernatant to the mDC further increased the percentage CA-p24 
positive T lymphocytes yielding a 5-fold activation. When the T lymphocytes were    
co-cultured with mDCs resuspended in their own mDC supernatant the activation of 
HIV‑1 provirus from latency was reduced to 2.7-fold, showing that mDC culture     
supernatant slightly reduces the mDC cell-cell induced activation of HIV‑1 provirus 
from latency. 
 
Combined, these results show that iDCs and mDCs are equally efficient in activating 
the HIV‑1 provirus from latency via cell-cell contact. However, iDCs secrete (an)     
activating factor(s) in the culture supernatant that is not secreted by mDCs. In        
addition, the activation of latent provirus via iDC-T cell interaction is not inhibited by 
mDC supernatant, implying that mDCs do not secrete an inhibiting factor. 
 
Blocking T cell-DC interactions can inhibit the activation of latent provirus.           
Previously we have shown that the DC-mediated activation of HIV‑1 provirus from 
latency can be inhibited by blocking the ICAM1-LFA1 interaction between DC and 
T lymphocyte (Chapter 4)4. The addition of αICAM1, but not αICAM2 or αICAM3,  
antibodies to the co-culture reduced the activation of latent provirus. To further    
investigate if other membrane bound molecules, involved in general DC-T cell        
adhesion events, contribute to the activation of latent provirus, the co-cultures were 

Fig. 3. Blocking T cell-DC interactions can inhibit activation of latent provirus. A: Fold activation of the 
percentage CA-p24 positive T lymphocytes after mock treatment (‘mock’), culturing with αCD83 or 
αCD86 antibodies, co-culturing with iDCs (‘control’) or co-culturing with iDCs in the presence of αCD83 
or αCD86  antibodies. Results are the mean values (± sem) of two independent experiments, each    
experiment was performed in triplicate (n=6). B: Fold activation of the percentage CA-p24 positive 
T lymphocytes after mock treatment (‘mock’), co-culturing with poly(I:C) stimulated mDCs (‘control’) or 
co-culturing with mDCspoly(I:C) in the presence of αCD83 or αCD86 antibodies. Results are the mean    
values (± sem) of a single experiment performed in triplicate (n=3). C: Fold activation of the percentage 
CA-p24 positive T lymphocytes after 24 hour mock treatment (‘mock’), culturing with the different    
anti-tetraspanin antibodies, co-culturing with iDCs (‘control’) or co-culturing with iDCs in the presence 
of the different anti-tetraspanin antibodies. Results are the mean values (± sem) of two independent 
experiments, each experiment was performed in triplicate (n=6). D: Fold activation of the percentage 
CA-p24 positive T lymphocytes after mock treatment (‘mock’), co-culturing with poly(I:C) stimulated 
mDCs (‘control’) or co-culturing with mDCspoly(I:C) in the presence of the different anti-tetraspanin or 
αICAM1 antibodies. Results are the mean values (± sem) of a single experiment performed in triplicate 
(n=3). 
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performed with and without antibodies that block CD83 or CD86. Both molecules are 
expressed by DCs and upregulated upon DC maturation. CD86 is important for T cell 
priming, the function of CD83 is still unknown. Culturing the HIV‑1 infected 
T lymphocytes with αCD83 or αCD86 antibodies alone did not increase the             
percentage CA-p24 positive T cells (Fig. 3A). Co-culturing of the T lymphocytes with 
iDCs increased the percentage CA-p24 positive cells 2.9-fold. Addition of αCD83     
antibodies to the co-culture decreased the activation significantly, yielding only       
1.3-fold activation. Addition of αCD86 antibodies to the co-culture slightly decreased 
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activation to 2.6-fold, but compared to the co-culture without antibodies this         
difference was not significant. Co-culturing of the T lymphocytes with mDCs            
increased the percentage CA-p24 positive cells 3.1-fold and this was reduced to       
1.5-fold when αCD83 antibodies were present in the co-culture (Fig. 3B). As with 
iDCs, addition of αCD86 antibodies to mDCs slightly decreased the activation (to      
2.6-fold), but also in this instance, this was not significantly different from co-culture 
without antibodies. Thus, CD86 is not involved in the cell-cell induced activation. 
CD83, however, is involved and the addition of αCD83 antibodies in both the iDC and 
mDC co-cultures prevents activation of latent provirus. 
 
Next, we investigated whether other cell surface proteins are involved in activating 
latent provirus in T lymphocytes. Tertraspanins are cell-surface proteins that interact 
with other tetraspanins or integrins and form integrin-tetraspanin adhesion          
complexes, also known as tetraspanin-enriched microdomains (TEMs), which can 
induce signal transduction events that play a role in the regulation of cell                 
development, activation and proliferation5. The tetraspanin family comprises at least 
32 members in mammals of which CD9, CD63, CD81 and CD151 are described to be 
expressed on the cell surface of DCs5. CD81 is also expressed on the cell surface of 
T lymphocytes and has been shown to enhance TCR/CD3-mediated transcription of 
the HIV‑1 LTR and subsequent virus production from primary CD4+ T lymphocytes6. 
The enhanced transcription was linked with increased nuclear translocation of the 
transcription factors NF-ĸB, NFAT and AP-1. DCs were washed and resuspended in 
fresh culture medium prior to the co-culture to minimize the influence of the          
DC-secreted component on the activation of latent HIV‑1 provirus. Culturing HIV‑1 
infected T lymphocytes with the different blocking antibodies alone did not change 
the percentage of CA-p24 positive cells (Fig. 3C). Co-culturing of the T lymphocytes 
with iDCs increased the percentage of CA-p24 positive T cells 2.1-fold. Addition of 
αCD9 antibodies to the co-culture completely abolished the activation of latent     
provirus (0.8-fold). Similar results were obtained by addition of αCD63 antibodies to 
the co-culture (1.1–fold). Blocking CD81 only slightly reduced the activation of latent 
provirus to 1.7–fold, but this difference was not significant compared to the              
co-culture without antibodies. Surprisingly, co-culturing HIV‑1 infected 
T lymphocytes with iDCs in the presence of αCD151 antibodies did not reduce the 
percentage of CA-p24 positive cells, but instead slightly increased it to 2.5-fold. 
These results show that the tetraspanin proteins CD9 and CD63 are involved in the 
DC-T cell interaction and blocking these interactions mostly abolishes the activation 
of provirus from latency. 
 
To investigate whether blocking tetraspanin proteins on mDCs also reduces the     
activation, poly(I:C) stimulated mDCs were washed and resuspended in fresh culture 
medium prior to co-culture. Co-culturing of the HIV‑1 infected T lymphocytes with 
mDC induced a 1.8-fold activation of latent provirus (Fig. 3D). Surprisingly, addition 
of the tetraspanin specific antibodies or αICAM1 antibodies did not change the      
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percentage of CA-p24 positive cells and the activation of latent provirus was similar 
to the activation with mDCs alone. 
 
To explain the difference between iDCs and mDCs regarding the tetraspanin blocking 
antibodies, we evaluated tetraspanin expression levels by flow cytometry. The iDCs 
express high levels of the tetraspanin CD9, CD63, CD81, CD151 and ICAM1 (Fig. S1A). 
Compared to the iDCs, mDCs express equal to slightly higher levels of tetraspanins 
but also higher levels of ICAM1 (Fig. S1B). T lymphocytes express very low levels of 
CD9, CD63, CD151 and ICAM1, and intermediate levels of CD81 (Fig. S1C). 
 
Inhibiting different signal transduction routes downstream of the tetraspanins.   
Signaling enzymes downstream from tetraspanin proteins include phosphatases, 
type II phosphatidylinositol 4-kinase (PI4K) and conventional protein kinase C forms 
(PKCs). Signal transduction downstream of CD9 and CD81 via PI4K leads to Ras      
activation, which in turn can activate different kinases such as AKT/protein kinas B 
(PKB), Janus Kinases (JKN) or ERK/MAPK (Fig. 4). Interestingly, signaling via CD151, by 
binding to integrins, may inhibit Ras activation5. In our experiments, addition of 
αCD9, and in lesser extent αCD81, to the iDC-T cell co-culture blocked activation of 
latent provirus, whereas addition of αCD151 increased activation of latent provirus 
(see Fig. 3A). This might mean that Ras activates the HIV‑1 provirus from latency in 

Fig. 4. Tetraspanin signaling pathway. CD81 (and CD9) associate with phosphatidylinositol 4-kinase 
(PI4K), which locally produces phosphoinositides, such as phosphatidylinositol-4,5- bisphosphate   
(PtdIns(4,5)P2). This causes the recruitment and activation of Shc. Subsequent Ras-mediated activation 
of extracellular signal-regulated kinase (ERK), p38 or Jun N-terminal kinase (JNK) pathways leads to   
proliferation or apoptosis. Signaling through CD151 might negatively regulate Ras–ERK/MAPK and Akt/
protein kinase B (PKB) signaling in a cell-adhesion-dependent manner. CD151 (together with associated 
laminin-binding integrins) also preferentially activates Rac (and Cdc42) over Rho, leading to regulation 
of the actin cytoskeleton, cell spreading and motility. Figure is adapted from a review by Hemler et al5. 
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T lymphocytes and preventing Ras inhibition (e.g. with αCD151 antibodies), possibly 
in combination with the activation of other signal transduction routes, could aid in 
purging the HIV‑1 provirus from latency. To test this hypothesis the HIV- 1 infected 
T lymphocytes were co-cultured with iDCs with and without MK2206, an AKT (a     
potential target of Ras; see figure 4) inhibitor. Culturing the T lymphocytes with 0.1 
or 1 μM MK2206 did slightly affect the percentage of CA-p24 positive cells (Fig. 5A). 
Co-culturing of the T lymphocytes with iDC induced percentages CA-p24 positive 
T cells to increase 2.3-fold. Co-culturing the T lymphocytes with iDCs in the presence 
of 0.1 or 1 μM MK2206 decreased this value, to 1.7- and 1.4-fold respectively, 
though this did not constitute a significant difference to co-culture without MK2206. 
 
The logical follow-up would be to test inhibitors for kinases upstream or downstream 
AKT in the signaling cascade. PI4K is activated downstream of the tetraspanins CD9 
and CD81 and upstream of AKT. Unfortunately a reliable PI4K inhibitor is not        
available. However, hypothesizing that signals of the tetraspanins are relayed via 
PI4K implies that PI3K/mTOR kinases should not be involved in the signal               
transduction route. A specific PI3K/mTOR (PI103) is available. Such an inhibitor could 
thus function as negative control for the AKT inhibitors. 
 
Culturing the T lymphocytes with 0.1 or 1 μM PI103 did not change percentages      
CA-p24 positive cells (Fig. 5B). Co-culturing the T lymphocytes with iDC induced the 
percentage CA-p24 positive cells to increase 1.9-fold. However, addition of 0.1 or       
1 μM PI103 to the co-culture decreased the activation of latent provirus to 1.6- and 
1.0-fold, respectively, as compared to the co-culture without inhibitor. 
 
Combined, these results suggest that activation of latent provirus can be reduced by 
addition of specific kinase inhibitors to the co-culture. However, up tot this point it is 
unclear whether MK2206 and PI103 inhibit kinases in the iDC or in the T lymphocyte. 
To study this, HIV‑1 provirus has to be purged from latency without DC co-culture. 
Ideally, specific activators of the kinases signaling downstream CD9/CD81 should be 
used in such a set-up. 
 
Characterizing the iDC-secreted factor. To characterize the iDC secreted factor     
involved in purging of latent provirus, different fractionation steps were used to    
distinguish small molecules, such as cytokines, from larger components such as    
vesicles. The iDC and mDC cell-free culture supernatants were filtered through a     
0.2 um filter (total sup) and subjected to ultracentrifugation in order to spin down   
DC-derived vesicles, such as exosomes. As shown before, culturing of HIV‑1 infected 
T lymphocytes with iDC supernatant induces the percentage CA-p24 positive cells to 
increase (2.2 fold) (Fig. 6A). The supernatant after ultracentrifugation (UC-sup,         
containing cytokines and such), gave a similar 2.2-fold activation. The pellet obtained 
after ultracentrifugation (UC-pellet) was resuspended in a small volume to increase 
vesicle concentration and possibly enhance activation of latent provirus. However, 
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increased the percentage CA-p24 positive cells (1.5-fold). These results indicate that 
the factor triggering activation of HIV‑1 provirus from latency is present in the      
vesicle-free fraction. To further evaluate this, the total volume of UC-sup was         
sequentially fractionated using filters with a pore size of 100, 50, 30 and 10 kDa. 
Samples were collected yielding 4 different fractions: <10 kDa, <30 kDa, <50 kDa and 
<100 kDa. Culturing the T lymphocytes with the <10 kDa, <30 kDa or <50 kDa         
fractions did not increase the percentages of CA-p24 positive cells (Fig. 6B). Culturing 
the HIV‑1 infected T lymphocytes with the <100 kDa fraction increased the             
percentage of CA-p24 positive cells slightly, a modest 1.3-fold. To investigate 
whether an anti-latency factor could be larger than 100 kDa, the residual                 
supernatant on top of the filter was collected, resulting in a >100 kDa fraction        
approximately 20x more concentrated than the original fraction. This was also done 
with the other filters resulting in 4 fractions in total; 10><30, 30><50, 50><100 and 
100> kDa. Culturing of HIV‑1 infected T lymphocytes with the 10><30 kDa or      
30><50 kDa fraction did not influence the percentages of CA-p24 positive cells       
(1.1- and 1.2-fold, respectively; Fig. 6C). Culturing the T lymphocytes with the 
50><100 kDa fraction increased the percentage CA-p24 positive cells with 3.1-fold. 
The percentage of CA-p24 positive cells increased dramatically (6.7-fold), when 
T lymphocytes were cultured with the concentrated >100 kDa fraction. This result 
illustrates that the factor triggering the activation of latent provirus is larger than 100 
kDa but is not a DC-derived vesicle, as those were removed during the                             
ultracentrifugation step. 

Fig. 5. Inhibiting different signal transduction routes downstream of tetraspanins. A: Fold activation of 
the percentage CA-p24 positive T lymphocytes after 24 hour mock treatment (‘mock’), culturing with 
0.1 or 1 μM MK2206 (AKT inhibitor), co-culturing with iDCs (‘control’) or co-culturing with iDCs in the 
presence of 0.1 or 1 μM MK2206. B: Fold activation of the percentage CA-p24 positive T lymphocytes 
after 24 hour mock treatment (‘mock’), culturing with 0.1 or 1 μM PI103 (PI3K/mTOR inhibitor),             
co-culturing with iDCs (‘control’) or co-culturing with iDCs in the presence of 0.1 or 1 μM PI103. Results 
are the mean values (± sem) of a single independent experiments performed in triplicate (n=3). 
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Fig. 6. Characterizing the iDC-secreted factor. A: Fold activation of percentages CA-p24 positive 
T lymphocytes after 24 hour mock treatment, culturing with iDC cell-free culture supernatant (total 
sup), culturing with iDC total sup after ultra centrifugation to remove vesicles (UC-sup), or culturing with 
the resuspended pellet after ultracentrifugation of the total sup (UC-pellet). The pellet was resuspended 
in a smaller volume to increase the vesicle concentration. B: UC-sup was sorted into 4 different         
fractions, using filters. Fold activation of the CA-p24 positive T cells after mock treatment or culturing 
with the <10, <30, <50 or <100 kDa fractions. C: Samples on filter tops were resuspended in small 
amounts of fresh culture medium. Fold activation of the CA-p24 positive T cells after mock treatment or 
culturing with the 10><30, 30><50, 50><100 or 100> kDa fractions. Results are mean values (± sem) of 
two independent experiments, each experiment was performed in triplicate (n=6). D: After one week 
the 100> kDa was defrosted and diluted. Fold activation of the CA-p24 positive T cells after mock     
treatment or culturing with the serial diluted 100> kDa fraction. E: After one week the 100> kDa was 
defrosted and heated at 95°C for 2 or 5 minutes. Fold activation of the CA-p24 positive T cells after 
mock treatment, culturing with room temperature (RT) 100> kDa fraction, culturing with 2 min heated 
or 5 minutes heated 100> kDa fraction. Results are mean values (± sem) of a single experiment          
performed in triplicate (n=3). 

To study the 100> kDa fraction characteristics, the fraction was thawed after a week 
of storage at -20°C and diluted. Culturing HIV‑1 infected T lymphocytes with the two 
times diluted fraction induced the percentage of CA-p24 positive cells to increase   
3.5-fold (Fig. 6D). Although still constituting a significant increase, activation is much 
lower compared to the level originally obtained with fresh material (6.7-fold). Thus a 
freeze-thaw cycle affects the anti-latency properties of the 100> kDa fraction.        
Culturing the T lymphocytes with further diluted 100> kDa fraction could also        
activate the HIV‑1 provirus from latency in T lymphocytes, but with each dilution the 
activation property decreased. To investigate if the 100> kDa is heat resistant, an 
aliquot of the fraction was heated to 99°C for 2 or 5 minutes. Culturing the HIV‑1 
infected T lymphocytes with the untreated 100> kDa fraction induced a 3.5-fold       
increase in the percentage CA-p24 positive T lymphocytes (Fig. 6E). Culturing the 
T lymphocytes with the 100> kDa fraction that was heated at 99°C for 2 minutes 
prior to the culture induced a 2.6-fold activation. Longer exposure to heat reduced 
the anti-latency property of the fraction as culturing T lymphocytes with the fraction 
heated at 99°C for 5 minutes induced a 1.7-fold activation. These results show that 
the 100> kDa fraction is quite stable as it can still activate latent provirus in 
T lymphocytes after a freeze-thaw cycle or after 2 minutes of heating at 99°C, but is 
only lost upon longer exposure to 99°C. 
 
The mDC and iDC culture supernatants as well as fractionized iDC supernatant were 
run on an SDS-PAGE and proteins were visualized by Silver staining (Fig 7). A large 
amount of protein is detected between 50 and 100 kDa in size (protein marker, lane 
1) and this protein band is visible in the control culture medium (lane 2), in the mDC 
culture supernatant (lane 3), and the iDC culture supernatant (lane 4). It is probably 
an FCS component present in the cell culture medium. A slightly larger protein band 
(~150 kDa; box 1) is visible in the iDC pellet fraction after ultracentrifugation           
(UC-pellet; lane 10) and this protein band is hardly detectable in the other fractions. 
A slightly smaller protein band (~130 kDa; box 2) can be seen in the iDC culture      
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supernatant (lane 4) and the iDC culture supernatant depleted from vesicles (UC-sup, 
lane 5) but not in the fraction containing the iDC concentrated vesicles (lane 10) or 
the fractionized iDC culture supernatant (lane 6-9). Unfortunately, concentrated   
fractions of 10><30 kDa, 30><50 kDa, 50><100 kDa and 100> kDa could not be      
analyzed by SDS-PAGE after storage at -20°C, as dissolving in Leammli sample buffer 
and heating at 99°C for 10 minutes gave rise to protein aggregation. Interestingly, a 
small protein (~22kDa; box 3) was visible in the mDC and iDC culture supernatant 
(lane 3-5) that was also slightly visible in the control culture medium (lane 1) but not 
in the iDC <100 or <10 kDa fraction. This could possibly represent a protein that is 
dissociated by SDS-PAGE from a protein complex larger than 100 kDa. 
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The results show that a protein band between 100 and 150 kDa could be detected in 
the iDC culture supernatant but not in the iDC UC-pellet or the <100 kDa supernatant 
fraction, indicating that it might be our protein (complex) of interest. This               
experiment should be repeated comparing the iDC total supernatant, UC-sup,          
UC-pellet and the >100 kDa fraction. If a protein band is detected in the >100 kDa 
fraction that is not detected in the other fractions, protein extraction and              
mass-spectometry should be performed to determine the identity of the protein(s). 
 
DC-T cell interaction mediates secretion of anti-latency factor(s). Thus far, the      
culture supernatant of DCs was analyzed for latency activating properties. However, 
it is also possible that the interaction between the DC and T cell induces release of 
cytokines or vesicles in the immunological synapse. To investigate this, supernatants 
from previously performed experiment (‘primed supernatant’) were thawed from       
-20°C and added to HIV‑1 infected T lymphocytes. Culturing the HIV‑1 infected 
T lymphocytes with primed supernatant from T cells alone did not increase the      
percentage CA-p24 positive cells. Culturing the infected T lymphocytes with primed 
supernatant from iDCs alone slightly increased the percentage of CA-p24 positive 
cells by 1.4–fold (Fig. 8). Addition of primed supernatant from a T-DC co-culture      
increased the percentage of CA-p24 positive cells significantly to 2.3–fold. These   
results show that the supernatant of the T-DC co-culture is more efficient in            
activating the HIV‑1 provirus from latency than supernatant of iDCs alone. This last 
result again stresses the complexity of the interactions involved. It also shows the 
influence of freeze-thaw cycles and confirms the previous observation that the iDC 
culture supernatant loses anti-latency properties upon reuse, as this fraction        
originally induced ~2.0–fold activation on its own (results not shown). 
 
 

DISCUSSION 
We previously demonstrated that HIV‑1 can establish a latent provirus in                  
proliferating T cell lines7,8 and in primary proliferating T lymphocytes4. Although both 
cell types can harbor latent HIV‑1 provirus, the purging strategy differs. In T cell lines 
the provirus can be activated from latency by stimulating the cells with drugs that 
activate the transcription factor NF-ĸB, such as TNFα, PMA, PHA or prostratin, or 
with histone deacetylase (HDAC) inhibitors, such as TSA, Vorinostat/SAHA or NaBut. 
These conventional anti-latency drugs do not activate the provirus from latency in 
primary T lymphocytes. However, co-culturing of the T lymphocytes with dendritic 
cells (DC) can purge the latent provirus. This activation is induced by the cell-cell    
contact between T lymphocyte and DC, and a DC-secreted factor. In this study we 
observed that the anti-latency factor is over 100 kDa but is not a DC-derived vesicle. 
Interestingly, the anti-latency factor is secreted by immature DCs (iDCs) and not by 
mature DCs (mDCs). Future experiments will aim at the identification of this           
relatively large protein (complex). 
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The DC-T cell interaction did not involve the T cell receptor (TCR) or DC-SIGN but did 
involve the general ICAM1 molecule. Binding of ICAM1 on the DC to LFA-1 on the 
T cell is a general adhesion mechanism and part of the immunological synapse that 
mediates the fast exchange of signaling molecules between the two cells. Blocking 
ICAM1 with specific antibodies  inhibited the activation of latent provirus indicating 
that the cells need to be in close proximity. Blocking CD9 and CD63 also inhibited the 
activation of latent provirus with iDCs but not mDCs. These two molecules are    

Fig. 7. Silverstaining proteins in culture supernatant fractions. To investigate if relevant differences in 
protein content could be detected between different culture supernatants and fractions thereof,     
protein lysates were prepared and loaded onto a 4-12% gradient SDS-PAGE and proteins were           
visualized with silverstaining (n=1). 
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members of the tetraspanin family that comprises at least 32 members in mammals 
and are widely expressed on different cell types. CD9, CD63, CD81 and CD151 are 
described to be expressed on the cell surface of DCs. Tertraspanins are cell-surface 
proteins that can interact with other tetraspanin proteins or other transmembrane 
proteins, such as integrins, EWI proteins and CD19, thereby strengthening the        
adhesion between two cells or induce signal transduction events that play a role in 
the regulation of cell development, activation, proliferation, cell morphology,         
motility and fusion5. Signaling enzymes downstream from tetraspanin proteins     
include phosphatases, type II phosphatidylinositol 4-kinase (PI4K) and conventional 
protein kinase Cs (PKCs). Signal transduction downstream of CD9 and CD81 via PI4K 
leads to Ras activation that can activate different kinases such as AKT/protein kinas B 
(PKB), Janus Kinases (JKN) or ERK/MAPK (see Fig. 4). Interestingly, signaling via 
CD151, by binding to integrins, may inhibit Ras activation5. In our experiments,      
addition of antibodies against CD9 and CD81 to the iDC-T cell co-culture blocked    
activation of latent provirus, though to a lesser extent in the case of CD81, whereas 
addition of αCD151 increased the activation of latent provirus (see Fig. 3A). This    
implies that Ras may activate the HIV‑1 provirus from latency in T lymphocytes and 
preventing the inhibition of Ras (with αCD151 antibodies), possibly in combination 
with the activation of other signal transduction routes, aids in purging the HIV‑1   
provirus from latency. We performed some initial experiments using specific          
inhibitors of a few of the downstream pathways that support this mode of action but         
additional research is clearly needed. 
 
Addition of αCD86 antibodies to the DC-T lymphocyte co-culture did not affect the 
latent provirus. CD86, also known as B7-2, works in tandem with CD80 (B7-1) and 
binding of CD80/86 to CD28/CTLA-4 in combination with TCR stimulation primes 
T lymphocytes9,10. It is not surprising that shielding CD86 from the T cell does not 
change the induction of latent provirus as we previously determined that the TCR is 
not involved. Blocking CD83 with specific antibodies reduced the DC-mediated      
activation of HIV‑1 provirus from latency in T lymphocytes. CD83 is an                      
immunoglobulin superfamily member that is up-regulated during the maturation of 
DCs. CD83 is widely used as a marker for DC maturation but its function is still        

unknown. Besides by DCs, CD83 is also expressed 
by B lymphocytes. However, co-culturing of HIV‑1 

Fig. 8. DC-T cell interaction mediates secretion of anti-latency 
factor(s). Fold activation of the percentage CA-p24 positive 
T lymphocytes after 24 hour mock treatment, culturing with 
primed T lymphocyte supernatant, primed iDC supernatant or 
primed T-DC co-culture supernatant. Primed supernatant   
denotes supernatant that was harvested and stored at -20°C 
for 1 week. Results are the mean values (± sem) of two        
independent experiments and each experiment was             
performed in triplicate (n=6). 
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infected T lymphocytes with B lymphocytes in the latency assay did not purge the 
provirus from latency. 
 
Addition of iDC-T cell co-culture supernatant was more efficient in purging the       
provirus from latency than culture supernatant from iDCs alone. This indicates that 
the cell-cell interaction mediates secretion of an additional anti-latency component. 
Although ultracentrifugation of iDC culture supernatant showed that vesicles such as 
DC-derived exosomes are probably not involved in the DC-mediated expression of 
latent provirus, it could be possible that such vesicles are secreted by the DC after 
cell-cell contact with the T lymphocyte. 
 
The results in this chapter describes the preliminary data of the follow-up study on 
Chapter 4 and 5 to unravel the purging of latent HIV‑1 provirus from T lymphocytes 
by co-culturing with DC. The activation appears to be multi-factored as both cell-cell 
interactions and (a) soluble factor(s) mediate activation of the latent provirus,        
indicating that multiple signaling routes are involved. The cell–cell interaction is    
sensitive to different blocking antibodies which differ between iDCs and mDCs. The 
iDC-secreted factor or protein complex is larger than 100 kDa but cannot be pelleted 
with ultracentrifugation, thereby excluding microvesicles. Much more research is 
needed to identify the key players. 
 
 

MATERIALS AND METHODS 
Cells. HEK 293T cells were grown as monolayers in Dulbecco’s minimal essential    
medium (Gibco, BRL, Gaithersburg, MD) supplemented with 10% (v/v) fetal calf    
serum (FCS), 40 U/ml penicillin, 40 μg/ml streptomycin and nonessential amino acids 
(Gibco, BRL, Gaithersburg, MD) at 37°C and 5% CO2. 
 
Human peripheral blood mononuclear cells (PBMCs) were isolated from buffy coats 
(Central Laboratory Blood Bank, Amsterdam, The Netherlands) by use of Ficoll       
gradients and frozen in multiple vials. When required, PBMCs were thawed,           
activated with phytohemagglutinin (PHA, Remel, 2 μg/ml) and cultured in RPMI 
medium supplemented with 10% FCS and recombinant IL-2 (rIL-2, Novartis,              
100 U/ml). On day 3 of culture, CD4+ T lymphocytes were enriched by depleting CD8+ 
T lymphocytes using CD8 immunomagnetic beads (Dynal, Invitrogen). The CD4+ 
T lymphocytes were cultured for 3 days in RPMI medium (Gibco, BRL, Gaithersburg, 
MD) with rIL-2 and 10% FCS. 
 
Monocytes were isolated from PBMCs with a CD14 selection step using a magnetic 
bead cell sorting system (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany)       
according to the manufacturer’s protocol. Purified monocytes were cultured in RPMI 
1640 medium containing 10% FCS and differentiated into immature monocyte-
derived dendritic cells (iDCs) by stimulation with 45 ng/ml interleukin-4 (rIL-4;        
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Biosource, Nivelles, Belgium) and 500 U/ml granulocyte macrophage colony-
stimulating factor (GM-CSF; Schering-Plough, Brussels, Belgium) on day 0 and 2, and 
used on day 611. Mature monocyte-derived DCs (mMDDCs) were obtained on day 6 
after stimulating iMDDCs on day 5 with poly(I:C), LPS or IFNγ. 
 
Phenotypes of the cells were analyzed by determining specific marker expression 
with FACS flow cytometry. Immature MDDC were negative for CD14, expressed low 
levels of MHC class II (HLA-DR), CD83 and CD86 with high levels of DC-SIGN, whereas 
mature MDDC expressed high levels of MHC class II (HLA-DR), CD83 and CD86 with 
low levels of DC-SIGN12. 
 
Virus. Plasmid DNA encoding the CXCR4-using HIV‑1 LAI primary isolate13 was       
transiently transfected in HEK 293 T cells with the calcium phosphate method as    
described previously14. Virus supernatant was harvested 2 days after transfection, 
sterilized by passage through a 0.2 μm filter and stored in aliquots at -80°C. The    
concentration of the virus stocks was determined by CA-p24 ELISA. 
 
Extracellular CA-p24 ELISA. Culture supernatant was heat inactivated at 56°C for 30 
min in the presence of 0.05% Empigen-BB (Calbiochem, La Jolla, USA). The CA-p24 
concentration was determined by twin-site ELISA with D7320 (Biochrom, Berlin,     
Germany) as capture antibody and alkaline phosphatase-conjugated anti-CA-p24 
monoclonal antibody (EH12-AP) as detection antibody. Quantification was              
performed with the lumiphos plus system luminescence reader (Lumigen, Michigan, 
USA) in a LUMIstar Galaxy (BMG labtechnologies, Offenburg, Germany).                   
Recombinant CA-p24 produced in a baculovirus system was used as standard. 
 
Reagents. T1249 (WQEWEQKITALLEQAQIQQEKNEYELQKLDKWASLWEWF) fusion    
inhibitor was obtained from Pepscan (Therapeutics BV, Lelystad, The Netherlands) 
and used at a final concentration of 0.1 μg/ml. 0.1 μg/ml LPS (Invivogen), 20 μg/ml 
poly(I:C) (Sigma-Aldrich, St. Louis, MO), 0.1 μg/ml recombinant human Interferon-γ 
(IFNγ, Gibco) was used to maturate the DCs. 
 
Antibodies. For intracellular CA-p24 measurement we used the RD1- or FITC-
conjugated mouse monoclonal α-CA-p24 (clone KC57, Coulter). For CD3  staining the 
purified mouse α-human CD3-APC (BD Bioscience) was used. For DC staining purified 
mouse α-human CD83-APC (BD Bioscience), purified mouse α-human CD86-PE (BD 
Pharmingen), purified mouse α-human HLA-DR PerCPCy5 (BD Bioscience), purified 
mouse α-human CD14-FITC (BD Bioscience) and purified mouse α-human DC-SIGN-
PE (R&D Systems) antibodies were used. To block cell-cell interactions between DC 
and T lymphocyte in the co-culture, purified mouse α-human CD9 (Abcam), purified 
mouse α-human CD63 (BD Pharmingen), purified mouse α-human CD81 (BD         
Pharmingen) and purified mouse α–human CD151 (R&D Systems) were obtained or 
prepared as a stock solution of 0.5 mg/ml (CD63 and CD81) or 1 mg/ml (CD9 and 
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CD151) and used at a final concentration of 20 μg/ml. Purified mouse                       
anti-humanCD83 (BioLegend), α-CD54 (Peli Cluster; the Netherlands), obtained as a 
stock solution of 0.2 mg/ml, and purified mouse anti-human CD86 (BD Pharmingen), 
obtained as a stock solution of 1 mg/ml, were used at a final concentration of            
10 μg/ml. To analyze the tetraspanin protein expression levels on T lymphocytes, 
iDCs and mDCs, the cells were first stained with the appropriate antibody and after 
washing goat α-mouse-FITC (Jackson Laboratories) was used as secondary antibody. 
 
HIV‑1 latency assay. HIV‑1 infected cells were used in the latency assay as described 
previously6,7. In short, PHA-activated CD4+ T lymphocytes (1.5 × 106 or 2.0 × 106 cells) 
were infected with HIV‑1 (20 ng CA-p24). Excess virus was washed away after             
4 hours and the cells were cultured in the presence of the fusion inhibitor T1249 to 
block new infections. At 24 hr after infection the CD4+ T lymphocytes (1.5 × 105/well) 
were mock treated, co-cultured with iDCs or mDCs (0.5 × 105/well) or cultured with 
iDC or mDC culture supernatant. After another 24 hr, the cells were harvested, 
stained for extracellular CD3 and intracellular CA-p24, and analyzed by FACS flow 
cytometry. The percentage of CD3 and CA-p24 positive cells in the treated culture 
was divided by the percentage of CD3 and CA-p24 positive cells in the mock treated 
culture and used as a measure for proviral latency (fold activation). To block cell-cell 
interactions between T lymphocyte and DC, antibodies specific for human ICAM1 
(CD54), CD83 and CD86 were added to the co-culture at the final concentration of   
10 μg/ml and CD9, CD63, CD81 and CD151 were added to the co-culture at the final 
concentration of 20 μg/ml. One Way ANOVA and student T test (2-tailed) were used 
to evaluate whether observed differences between groups are significant (Graphpad 
Prism, version 5). P values * = p<0.05, ** = p<0.01, *** = p<0.001. 
 
FACS flow cytometry. Cells were fixed in 4% formaldehyde for 10 minutes at room 
temperature and subsequently washed with FACS buffer (PBS supplemented with 1% 
FCS). The cells were permeabilized with BD Perm/Wash™ buffer (BD Pharmingen) 
and antibody staining was performed in BD Perm/Wash™ or FACS buffer for 1 hr at 
4°C. Excess of unbound antibody was removed and cells were analyzed on a BD    
FACSCanto II flow cytometer with BD FACSDiva Software v6.1.2 (BD biosciences, San 
Jose, CA) in FACS buffer. The CD4+ T lymphocyte population was defined based on          
forward/sideward scatter analysis and stained for CD3 and intracellular CA-p24. 
 
Fractionizing cell culture supernatants. DC cultures (40 ml) were centrifuged for        
5 min. at 1500 rpm and filtered with a 0.2 μm filter. The cell-free supernatant (35 ml) 
was transferred to polyallomer centrifuge tubes (25x89 mm; Beckman Coulter) and 
centrifuged at 32K for 2 h in an Optima L-70K Ultracentrifuge (ser nr. Col96H39; 
Beckman Coulter) using a SW32 rotor (ser nr. 07u1678). The pellet containing       
vesicles was resuspended in 2 ml RPMI. The vesicle-free supernatant was               
fractionated with 100, 50, 30 and 10 kDa Amicon Ultra Centrifugal Filter devices 
(Millipore). The flow through of the 100 kDa filter was filtered with the 50 kDa filter, 
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the 50 kDa flow through was filtered with the 30 kDa filter and the 30 kDa flow 
through was filtered with the 10 kDa filter, resulting in four fractions: <10, <30, < 50 
and <100 kDa. The remaining fraction on top of the filters was resuspended in 2 ml 
RPMI  resulting in four fractions: 10><30, 30><50, 50><100 and 100> kDa. 
 
SDS-PAGE and Silver stain. Samples were prepared by addition of Leammli sample 
buffer and heating at 95°C for 5 min prior to loading on a Novex 4-12% pre-cast      
Tris-Glycine SDS-PAGE gel (Invitrogen). Bio-Rad Silver Stain was used to visualize   
proteins on the SDS-PAGE gel, according to manufacturer’s instruction. 
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Fig. S1. Tetraspanin phenotype characterization. A: Representative mean fluorescent intensity (MFI) 
histogram of iDCs expressing CD9, CD63, CD81, CD151 and ICAM1. B: Representative MFI histogram 
showing that iDCs and poly(I:C) stimulated mDCs express similar levels of CD9, CD81 and CD151 and 
almost similar levels of CD63. Maturation of DCs induces an increased expression of ICAM1. C:          
Representative MFI histogram of uninfected PHA-activated T lymphocytes expressing low levels of CD9, 
CD63, CD151 and ICAM1 and intermediate levels of CD81. 
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