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Abstract 31 

Insight into the establishment and maintenance of HIV-1 infection in resting CD4
+ 

T cell subsets 32 

is critical for the development of therapeutics targeting the HIV-1 reservoir. Although the 33 

frequency of HIV-1 infection, as quantified by the frequency of HIV-1 DNA, is lower in CD4
+
 34 

naïve T cells (TN) compared to the memory T cell subsets, recent studies have shown that TN 35 

cells harbor a large pool of replication-competent virus.  Interestingly, however, TN cells are 36 

highly resistant to direct (cis) HIV-1 infection in vitro, in particular to R5-tropic HIV-1, as TN 37 

cells do not express CCR5. In this study, we investigated whether TN cells could be efficiently 38 

HIV-1 trans-infected by professional antigen-presenting B lymphocytes and myeloid dendritic 39 

cells (DC)  in the absence of global T cell activation. We found that B cells, but not DC, have a 40 

unique ability to efficiently trans infect TN cells in vitro. In contrast, both B cells and DC 41 

mediated HIV-1 trans infection of memory and activated CD4
+
 T cells. Moreover, we found that 42 

TN isolated from HIV-1-infected nonprogressors (NP) harbor significantly disproportionately 43 

lower levels of HIV-1 DNA compared to TN isolated from progressors. This is consistent with 44 

our previous finding that APC derived from NP do not efficiently trans-infect CD4
+ 

T cells due 45 

to alterations in APC cholesterol metabolism and cell membrane lipid raft organization. These 46 

findings support that B cell-mediated trans infection of TN cells with HIV-1 has a more profound 47 

role than previously considered in establishing the viral reservoir and control of HIV-1 disease 48 

progression. 49 

Importance. The latent human immunodeficiency virus type 1 (HIV-1) reservoir in persons on 50 

antiretroviral therapy represents a major barrier to a cure.  Although most studies have focused 51 

on the HIV-1 reservoir in the memory T cell subset, replication competent HIV-1 has been 52 

isolated from naïve T cells, and CCR5-tropic HIV-1 has been recovered from CCR5
neg

TN cells 53 
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from ART-suppressed HIV-1-infected individuals. In this study, we showed that CCR5
neg

TN cells 54 

are efficiently trans infected with R-5 tropic HIV-1 by B lymphocytes, but not by myeloid 55 

dendritic cells. Furthermore, we found that TN isolated from NP harbor no or significantly less 56 

copies of HIV-1 DNA compared to ART-suppressed progressors. These findings support that B 57 

cell-mediated trans infection of TN cells with HIV-1 has a more profound role than previously 58 

considered in establishing the viral reservoir and control of HIV-1 disease progression. 59 

Understanding the establishment and maintenance of the HIV-1 latent reservoir is fundamental 60 

for the design of effective treatments for viral eradication. 61 

 62 
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 80 

Introduction 81 

Latently infected resting CD4
+ 

T cells constitute a major reservoir of persistent HIV-1 82 

infection. Strategies that lead to a significant reduction or elimination of this reservoir could help 83 

in the development of either a functional or sterilizing cure (1-4). The CD4
+ 

T cell population is 84 

heterogenous, broadly comprised of naïve (TN) and memory cells that differ in lifespan, 85 

proliferative capacity, localization and HIV-1 coreceptor expression. Memory cells are further 86 

categorized by various stages of differentiation, namely central memory (TCM), transitional 87 

memory and effector memory. The latent HIV-1 reservoir in memory T cell subsets has been 88 

extensively studied, whereas TN cells have been largely overlooked (5, 6). Although resting TN 89 

cells are highly resistant to direct, cis infection with HIV-1 in vitro, we and others have shown 90 

that HIV-1 DNA is detectable in TN of viremic and virus-suppressed individuals (7, 8). While the 91 

frequency of HIV-1 infection in TN is lower compared to TCM cells, as much or more virus is 92 

produced by TN cells after reactivation with latency reversing agents (LRAs) (9). Moreover, 93 

paradoxically, CCR5-tropic HIV-1 has been recovered from TN despite the fact that they do not 94 

express the CCR5 coreceptor (9-12). 95 

HIV-1 can infect its target cells via direct, cis infection or through a cell-to-cell transfer 96 

which can result in  trans infection (13-15). This latter mechanism has been extensively 97 

described as mediated by professional antigen-presenting cells (APC), i.e., 98 

monocytes/macrophages, myeloid dendritic cells (DC) and B lymphocytes. Indeed, HIV-1 trans 99 

infection mediated by APC is 10- to 1000-fold more efficient than passive, cis dissemination of 100 

virions through the extracellular milieu (16, 17). We have previously shown that APC derived 101 

from HIV-1-infected nonprogressors (NP) do not efficiently transfer HIV-1 to CD4
+ 

T cells due 102 

to alterations in APC cholesterol metabolism and cell membrane lipid raft organization (18, 19). 103 
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In the present study, we show that B lymphocytes, but not DCs, have the exclusive ability to 104 

efficiently trans infect TN cells with CCR-5 tropic HIV-1. Furthermore, TN isolated from HIV-1 105 

NP harbor significantly lower levels of HIV-1 DNA compared to TN isolated from HIV-1 106 

progressors (PR). These findings support that B cell-mediated trans infection of TN cells with 107 

HIV-1 has a more profound role than previously considered in establishing the viral reservoir 108 

and control of HIV-1 disease progression. 109 

 110 

Materials and Methods 111 

Ethics Statement. Biological samples were acquired and studied from consented individuals 112 

according to University of Pittsburgh International Review Board approved protocols. All 113 

recruited participants were over the age of 18 and provided written consent prior to sample 114 

collection or use. 115 

Cohort. Experiments were performed using peripheral blood mononuclear cells (PBMC) 116 

obtained from Pittsburgh Blood Bank anonymous donors (HIV-1 negative, N=6) or archived 117 

PBMC obtained from 7 HIV-1 infected NP and 7 HIV-1 infected PR enrolled in the Pittsburgh 118 

portion of the MACS/WIHS Combined Cohort Study (MWCCS). The NP cohort consisted of 3 119 

long term NP (LTNP, CD4
+
 T cells counts >500c/mm

3
 over >7 years post infection), 3 elite 120 

controllers (EC, undetectable viral load >7 years post infection) and 1 viremic controller (VC, at 121 

least two viral load measures below 2000 copies HIV-1 RNA/ml)).  122 

Generation of CD4
+ 

T cell subsets. Naïve and central memory CD4
+
 T lymphocytes were 123 

selected from resting PBMC by magnetic bead negative selection according to the 124 

manufacturer’s instructions (Milenyi Biotech). TN CD4
+
 T cells were defined as CD45RA

+ 
125 
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CCR7
+ 

CCR5
-
, while TCM CD4

+
 T cells were defined as CD45RA

-
 CCR7

+
 CCR5

+
. The relative 126 

purity of the separated fractions was determined by flow cytometry.   127 

Cell isolation and culture. CD4
+
 T lymphocytes, B lymphocytes, and CD14

+
 monocytes were 128 

positively selected from PBMC using anti-CD4, -CD19, or -CD14 monoclonal antibody (MAb)-129 

coated magnetic beads (Miltenyi Biotech). Immature DC (iDC) were derived from CD14
+ 

130 

monocytes cultured with 1,000 U/ml granulocyte-macrophage colony-stimulating factor (GM-131 

CSF, Miltenyi Biotech) and 1,000 U/ml recombinant human interleukin-4 (rhIL-4) for 5 days in 132 

AIM-V medium, with additional GM-CSF and rhIL-4 on day 3. Mature DC (mDC) were derived 133 

from iDC by addition of 0.1 µg/ml trimeric CD40L (Enzo) on day 5 and cultured for an 134 

additional 2 days. Prior to coculture, CD4
+ 

T cells and B cells were activated for 48h with 135 

10U/ml IL-2 (Roche) and 2 μg/ml phytohemagglutinin (PHA, Sigma) or 1,000 U/ml rhIL-4 and 136 

0.1 µg/ml trimeric CD40L (Enzo), respectively. CD4+ TN or TCM cells were treated with either 137 

100nM CCL-19 (R&D Systems) or 10U/ml IL-2 and 2 µg/ml PHA as described. (12, 15)  138 

Cell phenotyping. Cells were assessed for surface protein expression by flow cytometry.  B cell 139 

+ TN and DC + TN cocultures or TN cells alone were incubated with LIVE/DEAD fixable aqua 140 

viability cell stain kit (Invitrogen) for 20 min and then subsequently incubated with monoclonal 141 

antibodies (mAb) against CD3 (APC-H7), CD4 (V450), CCR5 (PE), CD45RA (PE-CF594), 142 

CCR7(APC), and CD27 (FITC) for 20 min. Cells were fixed with 1% paraformaldehyde (PFA), 143 

acquired with a BD LSR Fortessa and analyzed with FlowJo V10. The gating strategy is 144 

described in Supplemental Figure 1. Mature DC were also stained for siglec-1 expression 145 

(CD169-PE) 146 

 Virus stock titration and experimental p24 measurements were acquired by enzyme-147 

linked immunosorbent assay (ELISA) using the HIV-1 p24 antigen capture immunoassay 148 
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(Leidos Biomedical Research, Frederick National Laboratory for Cancer Research) per the 149 

manufacturer's instructions. HIV-1 Gag p24 was also evaluated in trans and cis infection 150 

cocultures by flow cytometry. Briefly, cocultures were harvested and incubated with 151 

LIVE/DEAD fixable aqua viability stain kit (Invitrogen) for 20 min and then incubated for 152 

surface staining with monoclonal antibodies against CD3 (APC-H7), CD4(PE), CD19(PE-153 

CF594) for 20 min. Cells were then permeabilized with PermII buffer (BD) for 20 min, washed 154 

and then incubated  with anti- HIV-1 p24 antibody Kc57-FITC (Coulter), incubated for 20 min, 155 

washed and resuspended in 1% PFA prior to analysis with a BD LSR Fortessa. Acquired data 156 

were analyzed with FlowJo V10. The gating strategy is described in supplemental figure 2  157 

 158 

Trans and cis infection. R5-tropic HIV-1BaL, grown in and purified from PM1 cells (20) 159 

(American Type Culture Collection) was used for cis and trans infection experiments. A patient 160 

isolate R5-tropic-HIV-1 BX08(92FR_BX08) used in trans and cis experiments was obtained 161 

from the NIH AIDS Reagents Program, Division of AIDS, NIAID, NIH:HIV-1 162 

BX08(92FR_BX08) virus(cat#11420) from Dr. Victoria Polonis (21). (i) Trans infection: 1 x 10
6
 163 

APC were incubated with a low concentration of HIV-1BaL or HIV-1BX08 (m.o.i. 10
-3

) for 2h at 164 

37°C and then washed 3 times with cold medium. Virus-loaded APC were cocultured with 165 

autologous CD4
+
 T cell targets at 1:10 effector/target ratio in R10 medium. (ii) Cis infection: 1 x 166 

10
6
 activated CD4+ T cells were incubated with a high (10

-1
) m.o.i. of HIV-1

BaL
 or HIV-1BX08 167 

and cultured independently. HIV-1 Gag p24 levels were quantified in cell-free supernatants at 168 

days 4, 8, and 12 post coculture. In some experiments, stimulated B cells were incubated with 169 

20µg/ml anti–DC-SIGN mAb (clone 120507, R&D system) or mouse IgG (R & D Systems) for 170 
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30 min at 4°C prior to incubation with virus. In some experiments,  TN were incubated with 171 

maraviroc (1µM) as previously described (22)  172 

 173 

Reactivation of latent HIV-1 from APC-TN cocultures.  Eight days after the start of APC-TN 174 

cocultures, cells were treated with 10 nM phorbol myristate acetate (PMA; Sigma-Aldrich) and 175 

10 µg/ml PHA (PMA-PHA). Supernatants were collected at day 11, 14 and 17. Levels of HIV-176 

1Gag p24 were then tested by ELISA. Parallel untreated cultures were used as control. 177 

Quantification of total HIV-1 DNA. Total HIV-1 DNA in CD4
+
 T cells was quantified as 178 

described previously (23).   179 

Statistics. Data were analyzed by one-way analysis of variance.   Student t tests were used to 180 

compare two groups.  GraphPad prism 7.0 Software was used for statistical analysis. 181 

 182 

Results 183 

B cells trans infect CD4
+ 

T cells with high efficiency. B cells activated with CD40L and IL4, 184 

which mimics signals received from activated CD4
+
 T cells, express the C-type lectin DC-185 

specific intercellular adhesion molecule-3-grabbing non-integrin (DC-SIGN) and can capture 186 

HIV-1, leading to trans infection of CD4
+
 T cells (24).  In this study, we first extended this 187 

finding by demonstrating that B cells or DC loaded with a low, 10
-3 

m.o.i. of R5-tropic HIV-1BaL 188 

could trans infect PHA/IL2 activated CD4
+
 T cells, with the efficiency of trans infection being 189 

significantly greater for B cells compared to DC (Figure 1A).  This is of importance because, as 190 

we showed previously, only about 10-15% of activated B cells express DC-SIGN, compared to 191 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 23, 2020. ; https://doi.org/10.1101/2020.10.22.351627doi: bioRxiv preprint 

https://doi.org/10.1101/2020.10.22.351627
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

9 
 

100% of DC , therefore making B cells extraordinarily efficient in mediating HIV-1 trans 192 

infection. In agreement with our previous findings (15), CD4
+
 T cells were refractory to cis HIV-193 

1 infection at the same low 10
-3

 m.o.i., but were productively infected with a 100-fold greater 194 

dose of 10
-1

 m.o.i. (Figure 1B). We conclude from these data that B lymphocytes, activated by 195 

two surrogates for CD4
+
 T helper cells, i.e., IL4 and CD40L, are more efficient than myeloid DC 196 

in mediating HIV-1 trans infection of activated CD4
+
 T lymphocytes.   197 

 198 

B cells, but not DC, trans infect naïve CD4
+ 

T cells in vitro. CD4
+
 TN cells do not express 199 

CCR5; however, in vivo, TN cells harbor R5-tropic HIV-1 (10, 11, 25, 26). We therefore 200 

hypothesized that TN are infected through an APC-mediated trans infection mechanism that does 201 

not require CCR5 expression by the T cells. To test this hypothesis, we used purified TN and TCM 202 

cells as targets for trans infection mediated by autologous B lymphocytes or DC that were 203 

loaded with 10
-3

 m.o.i. of R5 tropic HIV-1BaL. Consistent with the approach described in Figure 204 

1, we initially used PHA/IL2-activated CD4
+ 

TN and TCM cells as targets. As shown in Figure 205 

2A, B cells were able to productively trans infect either TN or TCM with R5 tropic HIV-1, 206 

whereas DC only trans infected the TCM subset.  207 

PHA/IL2 treatment of CD4
+ 

TN and TCM induces T cell activation, thus rendering them 208 

more susceptible to HIV-1 infection. Therefore, we next assessed B cell- and DC-mediated HIV-209 

1BaL trans infection of TN and TCM cells treated with the chemokine CCL19. As described 210 

previously (12), CCL19 neither elicits T cell activation nor induces CCR5 or CXCR4 expression, 211 

but enhances cis HIV-1 infection of resting CD4
+
 T cells. As shown in Figure 2B, only B cells 212 

were able to trans infect CCL19-treated TN, resulting in detectable HIV-1 Gag p24 in the 213 

coculture supernatants. In contrast, neither mDC nor iDC mediated trans infection, showing that 214 
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the ability of DC to trans infect TN did not depend on their maturation status. As expected, TN 215 

were refractory to direct cis infection of HIV-1BaL using either PHA/IL2 or CCL19 conditioned 216 

media, while only total CD4
+
 T cells were susceptible to productive cis infection (Figure 2C). 217 

Our findings were further confirmed using an R5-tropic patient isolate, HIV-1 218 

BX08(92FR_BX08), obtained from the NIAID AIDS Reagent Repository (21). As shown in 219 

panels 2D and 2E, B cells could efficiently trans infect both total CD4
+ 

T and TN cells, while 220 

iDC could only trans infect total CD4
+
 T cells. Cis infection of TN cells was undetectable (not 221 

shown). Taken together, these results support that B lymphocytes have a unique ability to 222 

mediate highly productive trans infection of naïve CD4
+
 T cells with R5-tropic HIV-1. 223 

 224 

Coculture with B cells or DC does not affect the TN phenotype. To address whether the CD4
+
 225 

TN phenotype was altered through coculture with the APC, potentially affecting their efficiency 226 

of being trans infected with HIV-1, we analyzed TN cells for CCR5 and CD27 expression. TN 227 

cultured alone served as a control. CD27 expression was chosen instead of CCR7 expression 228 

because CCL19 can induce downregulation of CCR7. The flow cytometry gating strategy is 229 

shown in Supplemental Figure S1. As shown in Figure 3A, neither B cells nor DC induced a 230 

significantly higher expression of CCR5, up to 12 days in culture (1-way ANOVA), although we 231 

detected a slight increase of CCR5 between day 8 and 12 in the DC-TN cocultures. Expression of 232 

the CD27 marker also remained unchanged throughout the coculture period (Figure 3B).  233 

These data show that there is no significant alteration of the TN phenotype during 234 

coculture with APCs, and confirm that B cells can establish HIV-1BaL infection in TN in the 235 

absence of significant CCR5 coreceptor expression.  236 
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Detection of intracellular HIV-1 p24 in APC- TN cocultures.  Given the slight increase 237 

of CCR5 in the DC-TN cocultures, we next questioned if the detection of HIV-1 p24 we 238 

measured in the trans infection coculture supernatant reflected p24 intracellular localization. We 239 

therefore stained cells collected from the trans infection wells and examined them for p24 240 

expression by flow cytometry. As shown in Figure 4, we were able to detect intracellular HIV-1 241 

p24 in the cocultures of B cells with either total CD4
+ 

T or TN. In the DC mediated trans 242 

infection cocultures, we could only detect HIV-1 p24 in the DC-total CD4
+
T cell wells, with 243 

very low levels in the DC-TN cocultures. Taken together, these data further support the 244 

conclusion that only B lymphocytes can efficiently trans infect TN cells.  245 

B cell trans infection of TN cells is mediated by DC-SIGN. We have previously shown 246 

that B cell trans infection of CD4
+
T cells is inhibited by blocking of DC-SIGN (15). Therefore, 247 

we tested if DC-SIGN was also necessary to mediated trans infection of TN cells. As shown in 248 

Figure 5A, blocking of B cells with anti-DC-SIGN mAb significantly inhibited trans infection of 249 

TN. We also treated TN cells with maraviroc, a chemokine co-receptor 5 (CCR5) antagonist, to 250 

determine if any amount of CCR5 expressed by TN in the trans infection cocultures could be 251 

responsible for the infection. As expected, treatment with maraviroc did not significantly inhibit 252 

the efficient trans infection of TN (Figure 5A). These data were also confirmed by HIV-1 p24 253 

intracellular staining of trans infection cocultures (Figure 5B).  254 

It has been proposed that siglec-1 (CD169) is a key factor for efficient DC-mediated 255 

HIV-1 trans infection with DC matured by lipopolysaccharide (28). Since our DC were used as 256 

immature cells or matured with CD40L/IL4, we tested if the inefficient trans infection of TN cells 257 

by DC was due to lack of siglec-1 expression, although both B cells and DC could efficiently 258 

trans infect total CD4
+ 

T cells. We found that CD40L/IL4-matured DC expressed siglec-1 259 
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(Figure 5C), excluding the possibility that that this receptor contributed to the observed 260 

phenotype.  261 

Reactivation of HIV-1 from TN. To assess whether HIV-1 trans infection of TN cells mediated 262 

by B cells or DC resulted in HIV-1 latency, TN cells were cultured with either HIV-1BaL-loaded B 263 

cells or DC for 8 days and then treated with PMA/PHA, and culture supernatants were harvested 264 

every 3 days for p24 analysis (Fig.6A). As shown in Figure 6B, HIV-1 was recovered only from 265 

the B-TN cocultures. This indicates that the lack of detectable virus replication in the DC-TN was 266 

not due to the establishment of latency without detectable viral replication in the TN.   267 

CD4
+
 TN cells from HIV-1-infected NP harbor less total HIV-1 DNA. We have 268 

previously shown that APC from NP cannot trans infect autologous and heterologous CD4
+
 T 269 

cells, and that this phenotype is under control of cellular cholesterol homeostasis regulation (18, 270 

19). Furthermore, this characteristic is present prior to infection with HIV-1, indicating that it is 271 

an innate, genetically controlled phenotype. If B cell-mediated trans infection of TN is an 272 

important mechanism by which these cells become infected with HIV-1, then it is plausible that 273 

NP have a reduced or absent level of HIV-1 DNA in this CD4
+ 

T cell subset. We therefore 274 

quantified the viral DNA reservoir in total CD4
+
 T cells and TN cells from 7 NP not under ART 275 

at the time of testing, and 7 PR on ART (Figure 7). The results show that we could not detect 276 

HIV-1 DNA in TN from NP classified as elite controllers (EC), while a relatively low number of 277 

HIV-1 DNA copies were detected in LTNP and VC (19). Overall, the average copy number of 278 

HIV-1 DNA in TN from NP was lower compared to the number of copies detected in the 7 PR 279 

ART-suppressed participants (p = 0.007). Both NP and PR had similar levels of HIV-1 DNA 280 

copies when total CD4
+ 

T cells were tested. Given that CD4
+ 

T cells from NPs are susceptible to 281 

direct, cis infection as well as CD4
+
T cells from PR (19), the evidence supports the concept that 282 
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the low amount of HIV-1 DNA detected is the result of direct infection. Taken together, these 283 

data suggest that individuals naturally able to control HIV-1 disease progression have a reduced 284 

or absent HIV-1 reservoir in their TN population.  285 

 286 

Discussion 287 

Here we show that B lymphocytes have the unique ability to trans infect CD4
+
 TN cells in 288 

vitro with an R5 tropic HIV-1 laboratory strain (HIV-1BaL) and an R5 clinical isolate (HIV-1 289 

BX08(92FR_BX08)), compared to myeloid DC. Prior studies have shown that TN cells can be 290 

infected in vitro with CXCR4-tropic HIV-1 when pretreated with the chemokine CCL19, the 291 

ligand for the CCR7 receptor, which expression significantly increases during the acute phase of 292 

infection when the latent reservoir is established (9, 29). This treatment does not alter the 293 

activation or proliferation state of TN cells, and does not induce significant expression of the 294 

CCR5 co-receptor. Therefore, this model was used in our study to preserve the phenotype of the 295 

TN population, which remained resistant to cis infection with an R-5 tropic HIV strain.  296 

Furthermore, exposure of TN cells to B cells loaded with R-5 tropic HIV-1BaL during the 297 

coculture period did not induce higher expression of the CCR5 receptor, thus excluding the 298 

possibility that the efficient trans infection we observed was the result of in vitro conditions. 299 

Efficient transfer of HIV-1 to TN mediated by B cells was also confirmed by detection of 300 

intracellular HIV-1 p24 by flow cytometry. 301 

We have previously shown that activated B cells are able to bind and internalize HIV-1 302 

into cytoplasmic vesicles through DC-SIGN (15), and can trans infect CD4
+
 T cells for up to two 303 

days with high efficiency. Furthermore, we have demonstrated that trans infection of total CD4
+ 

304 
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T cells can be inhibited by treatment with anti-DC-SIGN mAb. Here, we have confirmed that 305 

inhibition of DC-SIGN expression on B cells also impairs trans infection of TN. Notably, B cells 306 

do not support HIV-1 replication (15). Therefore, the second, cis infection phase in DC-mediated 307 

HIV-1 trans infection (30) is not applicable to B lymphocytes. Since cell-to-cell mediated spread 308 

of HIV-1 is several orders of magnitude more efficient compared to direct cis infection of target 309 

cells (17), this mode of virus dissemination could have a significant role in HIV pathogenesis, 310 

particularly in T cell-APC dense anatomical compartments (16, 31). We propose that this trans 311 

infection process is likely intertwined with basic immunologic interactions of B lymphocytes and 312 

naïve T cells. Indeed, B cells were recently described as having a broad role in the development 313 

of TN cells (32). The interaction between B cells and TN cells thus goes beyond the classical 314 

initiation of antigen-specific B cell differentiation into antibody producing plasma cells. In fact, 315 

evidence suggests that B cells are necessary and sufficient to prime and activate TN cells in 316 

response to virus-like particles (32). Thus, unique features of interactions between B and TN cells 317 

could drive the transfer and replication of HIV-1. Notably, it is known that B cells are superior to 318 

DC in capturing high doses of cognate antigen through high affinity antigen-specific receptors, 319 

therefore rendering B cell-mediated antigen stimulation more efficient than DC (33). In T-320 

dependent B cell immune responses, antigen-engaged B cells must find their cognate helper T 321 

cells to initiate the progression of B cell immune responses. Within the lymph node follicle, B 322 

cells move continuously to survey the subcapsular (SCS) macrophages for surface-displayed 323 

antigens (34, 35) and are also receiving survival signals from fibroblastic reticular cells (FRC) 324 

(36) such as the B cell activator BAFF, which has been shown to activate B cells to express DC- 325 

SIGN (37). These B cells are positioned to capture HIV-1 either as free virus entering through 326 

the afferent lymph vessel or through sampling of SCS macrophages (33) which have poor 327 
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endocytic capacity and limited degradative ability (35). This ultimately prevents them from 328 

efficiently degrading HIV-1. In this scenario, subcapsular B cells activated through a T-329 

independent mechanism are perfectly positioned to capture HIV-1 particles while surveying the 330 

environment for their specific antigen. 331 

 Upon encounter with antigen, signaling via the B cell receptor (BCR) starts the sequence 332 

of events that will bring the antigen-specific B cells to the follicle-T zone boundary where they 333 

will search for their cognate CD4
+ 

T cell among the TN cells residing there (38). This interaction 334 

provides an opportunity for transfer of HIV-1 that has been captured by B cells to the CD4
+ 

T 335 

cells This interaction at the follicle-T cell zone interface of lymph nodes can last from several 336 

minutes to an hour (39, 40), and requires the interaction of integrins, such as LFA1 on T helper 337 

cells interacting with ICAM-1 or ICAM-2 on B cells, as well as co-stimulatory molecule CD86 338 

signaling of CD28. Crucially, these interactions are stabilized by the antigenic peptide presented 339 

by B cell-expressed MHC class II. B cells capture antigen with high affinity through the B cell 340 

receptor (BCR), allowing for even low concentration of antigen to result in high internalization 341 

and subsequent presentation to T cells (41) and upregulation of the costimulatory molecule 342 

CD86 expression. On the other hand, DC capture antigen through nonspecific binding, requiring 343 

higher levels of antigen to induce a CD4
+
 T cell response. Moreover, the interaction between DC 344 

and TN helper cells is not as long lived, resulting in a lower chance of virus being transferred, 345 

even though activated B cell and DC express costimulatory molecules involved in the formation 346 

of the immunological synapse. Thus, the unique features of the interactions between B and TN 347 

cells could drive the transfer of HIV-1 to TN with higher efficiency compared to DC.  348 

Although TN cells represent the more abundant fraction of CD4
+ 

T cells, most studies of 349 

the latent HIV-1 reservoir have focused on TM cells because they harbor the highest levels of 350 
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HIV-1 DNA in people under ART.  We and others (9, 12, 26) have shown that although the 351 

frequency of HIV-1 infection in these cells is lower compared to other subsets, as much or more 352 

virus is produced by these cells after treatment with latency-reactivation agents (LRA). This is 353 

true also when TN cells isolated from HIV-1 infected individuals under ART are exposed to 354 

LRA. Paradoxically, although TN do not express the HIV-1 co-receptor CCR5, they harbor 355 

CCR5-tropic virus in vivo. Therefore, an understanding on how this subset of CD4
+
 T cells 356 

becomes infected could provide important clues in the development of strategies to thwart the 357 

early establishment of HIV-1 infection.  358 

As we have previously shown, efficient APC-mediated trans infection is regulated by 359 

APC membrane cholesterol content, and is related to the control of HIV-1 disease progression 360 

(18, 19). In fact, APC derived from HIV-1-infected NP have an innate inability to trans infect 361 

CD4
+ 

T cells, and this phenotype can be reversed by replenishing cell membrane cholesterol. On 362 

the other hand, APC from HIV-1-infected individuals with progressing disease, i.e., PR, mediate 363 

efficient HIV-1 trans infection (18, 19). Here we quantified the viral reservoirs in total CD4
+
 T 364 

and TN from NP and PR in the Pittsburgh clinical site of the MWCCS. Notably, while the PR 365 

studied here were under suppressive ART, all the NP tested were therapy naïve at the time of the 366 

study. We could not detect viral DNA in NPs classified as EC, while a significantly smaller 367 

number of HIV-1 DNA copies was detected in LTNP and VC compared to PR.These data 368 

strongly suggest that the altered ability to trans infect CD4
+ 

T cells in NP results in a small or 369 

negligible pool of latently infected TN cells, thus contributing to the maintenance of the NP 370 

phenotype, at levels even lower than those detectable in patients under suppressive ART. 371 

Although limited in scope, our findings are also consistent with that observed in the French 372 

Virological and Immunological Studies in Controllers After Treatment Interruption (VISCONTI) 373 
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cohort of individuals that received ART within 10 weeks of primary infection (42), where 374 

viremia was controlled for 24 months post-treatment interruption. In that cohort, HIV-1 DNA 375 

was detected in TN of only 2 out of 11 patients, while the other T cell subsets harbored 376 

comparable levels of HIV-1 DNA. Our present study suggests that early, B cell-mediated trans 377 

infection could be an important mechanism by which HIV-1, regardless of its basic cell tropism, 378 

establishes infection in TN cells. We propose an additional role for B cell-mediated trans 379 

infection, not only as an efficient means to spread HIV-1 to CD4
+ 

T cells, but as the driver in 380 

establishing the HIV-1 reservoir in TN and potential consequent control of HIV-1 disease 381 

progression.  382 
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Figure 1. B cells trans infect CD4
+
 T cells with higher efficiency than DC. A. B lymphocytes 387 

and DC were loaded with HIV-1
BaL 

(10
-3 

m.o.i.) as described in Materials and Methods and 388 

mixed with PHA/IL2 activated autologous CD4
+ 

T cells at a 1:10 ratio for up to 12 days (trans 389 

infection). CD4
+ 

T cells were also pulsed with HIV-1
BaL

 (10
-3

 m.o.i.) and cultured alone (cis 390 

infection). Coculture supernatants were tested at the indicated time points for HIV Gag p24 391 

levels by ELISA. B. CD4
+ 

T cells were loaded with HIV-1
BaL

 (10
-1 

m.o.i.) and cultured up to 12 392 

days. Cultures supernatants were tested at the indicated time points for HIV Gag p24 levels by 393 

ELISA. Data are mean value ±SE; N=8.; *p<0.05 **p< 0.001. 394 
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Figure 2. Only B cells trans infect TN.. A: B cells or DC were pulsed with HIV-1
BaL 

(10
-3

 395 

m.o.i.) for 2h at 37C, extensively washed and cocultured with PHA/IL2 activated purified naïve 396 

(TN; N=5) or central memory (TCM; N=4) CD4
+
T cells. Culture supernatants were collected at the 397 

times indicated and tested for HIV Gag p24. Mean±SE.  B. TN cells were treated with CCL-19, 398 

washed and mixed with B cells, immature DC (iDC), or CD40L matured DC (mDC), pulsed with 399 

HIV-1
BaL 

 (10
-3 

m.o.i.). Cell culture supernatants were collected at the indicated time points and 400 

tested for HIV Gag p24 by ELISA. Mean±SE, N=6. C: Total CD4
+ 

T or TN cells were treated 401 

with PHA/IL2 or CCL-19 alone as described in Materials and Methods, washed and directly 402 

infected with HIV-1BAL
 
(10

-1 
m.o.i.). Cell culture supernatants were collected at the indicated 403 

time points and tested for HIV-1 Gag p24 by ELISA. Mean±SE, N=4 D. B cells pulsed with 404 

HIV-1 92FR_BX08 (10
-3

 m.o.i.) were mixed with total CD4
+
 or TN cells treated with CCL-19, 405 

washed and mixed with as described in Materials and Methods and cultured for up to 12 days. E. 406 

iDC pulsed with HIV-1 92FR_BX08 (10
-3

 m.o.i.) were mixed with total CD4
+
 or TN cells as 407 

described in Materials and Methods and cultured for up to 12 days. Cell cultures supernatants 408 

were collected at the indicated time points and tested for HIV-1 Gag p24 by ELISA. Mean±SE, 409 

N=6 independent cultures.  410 

Figure 3. Coculture with B cells or DC does not affect TN phenotype. A. TN cells were 411 

cultured alone (top row) or cocultured with HIV-1
BaL 

pulsed B cells or DC (middle and bottom 412 

row, respectively), sampled at the indicated time points, stained with anti-CCR5 and CD27 mAB 413 

and analyzed by FACS as described in Materials and Methods. Representative data from 3 414 

independent experiments. B. CCR5 and CD27 percent positive cells in TN control culture or 415 

cocultures. Mean±SE, N=3.  416 
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Figure 4. Detection of HIV-1 p24 antigen in trans infection coculture with B cells or DC: B 417 

cells or DC loaded with HIV-1
 
(10

-3
 m.o.i) were cultured with total CD4

+ 
T or TN cells, sampled 418 

after 8 days, and stained with anti-Kc57, -CD4, -CD3,or -CD19 and analyzed by FACS as 419 

described in Materials and Methods.. Cis infection: CD4
+ 

T or TN cells were infected with HIV-420 

1
BaL

(10
-1

 m.o.i.) cultured, stained, and analyzed by flow cytometry in parallel to the trans 421 

infection cocultures. Representative data from 2 independent experiments. 422 

Figure 5. B cell-mediated trans infection of TN cells is inhibited by anti-DC-SIGN blocking.  423 

A. B cells were incubated with 20µg/ml anti DC-SIGN mAb for 1h at 4C prior to pulsing with 424 

HIV-1
BaL 

(10
-3

 m.o.i.) and cocultured with TN cells for trans infection as described in Materials 425 

and Methods. Supernatants were collected after 12 days and tested for HIV Gag p24 by ELISA. 426 

B cells treated with mouse IgG (20µg/ml) were used as untreated control. Mean±SE, N=6 427 

independent cultures. B. In parallel cultures, TN cells were treated with Maraviroc (1uM) as 428 

described in Materials and Methods and cocultured with HIV-1
BaL 

pulsed B cells for trans 429 

infection. Supernatants were collected after 12 days and tested for HIV-1 Gag p24 by ELISA. 430 

Mean±SE, N=6 independent cultures. C. DC matured with CD40L/IL4 were collected and 431 

stained for CD169 (Siglec-1) expression (black histogram) and compared to an isotype control 432 

(grey histogram) isotype control. Representative of 2 independent experiments.  433 

Figure 6. Detection of virus after LRA reactivation. A. Schematic representation of the 434 

experimental approach to measure reversal of HIV-1 latency in TN cells trans infected by B cells 435 

or DC. B. cocultures treated with LRA activators at day 8 and then sampled at the indicated time 436 

point after reactivation. Supernatants were tested for HIV Gag p24 by ELISA. 437 
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Figure7. Quantification of total HIV-1 DNA in CD4
+
 total and TN cells. Each dot represents a 438 

unique donor. Statistical comparison was analyzed using a Wilcoxon matched-pairs signed rank 439 

test. A p value < 0.05 was considered significant 440 

 441 

Supplemental Figure 1. Gating Strategy to determine TN phenotype Lymphocytes were 442 

gated first based on forward and side scatter, followed by doublet event exclusion, then by 443 

exclusion of dead cells (Aqua dye positive). CD4
+
 positive cells were then gated into CD45RA 444 

negative and CD45RA positive populations, with the latter population being 100% CCR7 445 

positive as well as CCR5 negative.  446 

Supplemental Figure 2. Gating Strategy to determine intracellular HIV-1 p24. Lymphocytes 447 

were gated first based on forward and side scatter, followed by doublet event exclusion, then by 448 

exclusion of dead cells (Aqua dye positive). CD4
+
/HIV p24

+
cells were then gated within the 449 

CD4
+
/CD3

+
 population 450 

 451 

 452 

 453 

 454 

 455 

 456 

 457 

 458 
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