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Abstract

Background: Residual immune activation after successful antiretroviral therapy (ART) in HIV-1 

infected patients is associated with the increased risk of complications. Cytokines, both soluble 

and extracellular vesicle (EV)-associated, may play an important role in this immune activation.

Setting: Ex vivo tissues were infected with X4LAI04 or R5SF162 HIV-1. Virus replicated for 16 

days, or tissues were treated with the anti-retroviral drug ritonavir.

Methods: Viral replication and production of 33 cytokines in soluble and EV-associated forms 

were measured with multiplexed bead-based assays.

Results: Both variants of HIV-1 efficiently replicated in tissues and triggered upregulation of 

soluble cytokines, including IL-1β, IL-7, IL-18, IFN-γ, MIP-1α, MIP-1β, and RANTES. A 

similar pattern was observed in EV-associated cytokine release by HIV-infected tissues. 

Additionally, TNF-α and RANTES demonstrated a significant shift to more soluble form 

compared to EV-associated. Ritonavir treatment efficiently suppressed viral replication; however, 

both soluble and EV-associated cytokines remained largely upregulated after 13 days of treatment. 

EV-associated cytokines were more likely to remain elevated after ART. Treatment of uninfected 

tissues with ritonavir itself did not affect cytokine release.

Conclusions: We demonstrated that HIV-1 infection of ex vivo lymphoid tissues resulted in 

their immune activation as evaluated by upregulation of various cytokines, both soluble and EV-

associated. This upregulation persisted despite inhibition of viral replication by ART. Thus, similar 

to in vivo, HIV-1 infected human tissues ex vivo continue to be immune activated after viral 

suppression, providing a new laboratory model to study this phenomenon.
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Introduction

Cytokines, cell signaling proteins that mediate cell-to-cell communication in multicellular 

organisms 1, are an essential part of immune responses. Cytokines were considered to be 

classical soluble factors, but recently, it was found that they can be associated with 

extracellular vesicles (EVs) 2,3. Soluble cytokines form complex networks that are altered in 

many diseases including cancer, autoimmune disorders, pregnancy complications, and viral 

infections 3,4, in particular, in HIV-1 disease.

Currently, a combination of antiretroviral therapy (ART) has proven to be efficient in 

suppressing viral replication 5–7. However, lengthy suppression of HIV-1 replication by ART 

is associated with the increased risk of complications, including neurological and 

cardiovascular diseases 7–9. These diseases seem to be related to immune activation in 

patients undergoing ART. Cytokines may play an important role in this residual immune 

activation 10, however the mechanisms of this phenomenon are largely unknown. To 

decipher them, it is necessary to develop an ex vivo laboratory-controlled system reflecting 

what happens in vivo. Here, we report on such a system.

As an experimental model we used ex vivo human lymphoid tissues where critical events in 

HIV-1 infection occur in vivo. We found that HIV-1 infection in these tissues led to 

upregulation of several key cytokines, both in soluble and EV-associated forms. ART, while 

suppressing HIV, did not restore cytokine production back to control levels.

Materials and Methods

Sample preparation and storage

Tonsillar tissues (n = 8) were obtained from routine tonsillectomies at the Children’s 

National Medical Center in Washington DC as anonymous pathological samples according 

to an Institutional Review Board approved protocol. Healthy tonsil tissues were dissected 

and cultured as previously described 11. Medium was changed at day 3, 6, 9, 12 and 16, 

samples were collected and centrifuged at 2000 × g for 10 minutes to remove any residual 

cells and then frozen at −80 °C.

HIV infection and antiretroviral treatment

Tonsils were infected with HIV-1 strains, X4LAI04 or R5SF162, at the beginning of culture as 

previously described 11. HIV was allowed to replicate for 16 days, or tissues were treated 

with a protease inhibitor, 5μM of ritonavir, beginning at day 3 following HIV inoculation, 

and subsequently at every medium change.
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Evaluation of HIV-1 replication

We evaluated HIV-1 replication in tissue by measurement of HIV-1 p24gag antigen in the 

culture medium of tonsil cultures, using a cytometric bead assay, as described previously 12.

Preparation of EV fractions

Culture supernatant samples were treated with ExoQuick TC (System Biosciences, Palo 

Alto, CA) according to manufacturer’s protocols. The EV pellet was resuspended in 1X PBS 

in the original volume. Cytokines were measured on EV-free supernatant and intact and 

lysed (1% Triton X-100) EVs.

NanoSight measurement of EVs

Aliquots of supernatant from all conditions at day 9 from three representative tissues were 

characterized with Nanoparticle Tracking Analysis software using a NanoSight NS300 

(Malvern, UK). Two video captures of 60 seconds each were used to generate average 

concentration (EV/ml) and particle size (nm)(mean± SEM).

Western Blot characterization of EVs

Total proteins were extracted from EV pellets with RIPA Lysis and Extraction Buffer 

(Thermo Fisher Scientific, Waltham, MA). 10 μg of proteins were loaded on a 4–20% 

precast polyacrylamide gel (Bio-Rad Laboratories, Hercules, CA) and separated by SDS-

PAGE, then transferred to PVDF membranes. Proteins were detected with anti-CD63, anti-

Rab27A, anti-TSG101 and anti-Calnexin (Thermo Fisher Scientific), followed by species 

specific horse-radish peroxidase labeled antibodies (Bio-Rad) and signal detection by V3 

Western Workflow™ (Bio-Rad).

Cytokine measurement

In-house multiplexed bead-based assay were used to measure 33 cytokines as described 

previously: Interleukin-1α (IL-1a), IL-1β, IL-2, IL-4, IL-6, IL-7, IL-8, IL-10, IL-12p70, 

IL-13, IL-15, IL-16, IL-17, IL-18, IL-21, IL-22, IL-33, Calgranulin A (S100A8), Eotaxin 

(CCL11), granulocyte-macrophage colony-stimulating factor (GM-CSF), growth regulated-

α (GRO-α or CXCL1), interferon gamma (IFN-γ), interferon-inducible protein 10 (IP-10 or 

CXCL10), interferon-inducible T-cell alpha chemoattractant (ITAC or CXCL11), 

macrophage colony-stimulating factor (M-CSF), monocyte chemoattractant protein-1 

(MCP-1 or CCL2), monokine induced by IFN-γ (MIG or CXCL9), macrophage 

inflammatory protein-1α (MIP-1α or CCL3) MIP-1β (CCL4), MIP-3α (CCL20), regulated 

on activation normally T-cell expressed and secreted (RANTES or CCL5), transforming 

growth factor-β (TGF-β) and tumor necrosis factor-α (TNF-α) 3. Lower limits of detection 

for analytes are listed in Table 1, Supplemental Digital Content. EV-free supernatants, intact 

EV samples and lysed (1% Triton X-100 final) EV samples were run in separate wells, and 

standard curves were also generated with and without detergent. Intact EV measurements 

reflect EV surface associated cytokine, EV encapsulated cytokines are calculated as EV 

lysed minus EV surface. Total EV-associated cytokine equals EV surface plus EV 

encapsulated. Data was acquired and analyzed on a BioPlex 200 with Bioplex Manager 

software (BioRad).
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Cytokine bioassay

Cell line-based cytokine driven proliferation assays were used to test bioactivity of cytokines 

as previously described 3. Ultracentrifugation (WX ultra 80, TH660 rotor, Thermo Fisher 

Scientific) of culture supernatants at 100,000 x g for 70 min at 15°C was performed to 

obtain supernatants free of EVs and EV fractions (washed pellet resuspended in PBS at 4X 

concentration). TF-1 (ATCC), a human erythroleukemic cell line, was used to measure 

responsiveness to IL-6, and MC/9 (ATCC), a mouse mast cell line, was used to measure 

activity of IL-10. Briefly, 75 μl of cells at a concentration of 2 × 105 cells/ml per well were 

added to 96 well flat bottom plates and then treated with 25 μl of supernatant free of EVs or 

EV fractions from X4LAI.04 infected or X4LAI.04 ART infected tissues at day 9. Positive 

control wells consisted of cells with complete growth medium (plus 10ng/ml of IL-6 for 

TF-1 and plus 10ng/ml IL-10 for MC/9), and negative controls consisted of cells with 

complete medium without additional cytokines. Cells were incubated for 48 hours at 37°C 

and 5% CO2. Metabolic activity was measured by an MTT (3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide) based cell growth determination kit assay (Sigma). 

Results were expressed as % of negative control.

Statistical Analysis

Results from all timepoints were analysed by pairwise comparison with Wilcoxon signed-

rank test with Benjamini-Hochberg correction for multiple comparison between different 

pairs of treatments in a day-to-day manner. Values of p < 0.05 were considered statistically 

significant; graphs are presented with p-values in log10-scale. Results analyzed for single 

timepoints are represented as means ± SEM, and statistical significances were determined by 

two-tailed paired Student’s t-test using Microsoft Excel version 16.15.

Results

HIV-1 infection and anti-retroviral treatment of ex vivo human lymphoid tissues

Tonsillar explants were inoculated with HIV-1 strains, X4LAI04 or R5SF162, at the beginning 

of culture and became productively infected in agreement with earlier reports 13,14. Between 

days 6 to 16 of post-inoculation, X4LAI04-infected tissues released on average 416.92 ± 

168.55 ng/ml p24 into culture medium, while R5SF162 -infected tissues released on average 

340.57 ± 92.64 ng/ml p24 into culture medium. Treatment with ritonavir inhibited viral 

replication by 99.66 ± 0.22% and 99.74 ± 0.09%, respectively in X4LAI04 and R5SF162 

infected tissues (Figure 1).

Characterization of EVs from ex vivo lymphoid tissue cultures

We quantified EV released by ex vivo tissues in infected, ritonavir-treated and control 

tissues. Tonsils released on average 3.14 ± 0.35 × 1010 EVs/ml with an average size of 

160±5.75 nm and no significant differences were observed between conditions (see Table 2, 

Supplemental Digital Content, representative histogram Fig. 1 Supplemental Digital 

Content). EVs from all conditions were also characterized by Western blot, and the presence 

of CD63, Rab27A, and TSG101 was confirmed (Fig. 2 Supplemental Digital Content). The 
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presence of calnexin was also noted, which is a negative marker for exosomes, but may be 

present on other vesicles in our preparations.

Cytokine release by HIV-1 infected ex vivo human lymphoid tissue

We measured the concentrations of 33 soluble and EV-associated cytokines released by 

HIV-1 infected and uninfected tissues over 16 days (Table 3 and 4, Supplemental Digital 

Content). HIV infection led to increases in a number of cytokines beginning at day 3 post-

inoculation and continuing throughout the culture length. Over 16 days of culture, X4LAI04 

infection significantly increased the production of soluble IL-1β, IL-2, IL-7, IL-12, IL-18, 

IL-21, GM-CSF, IFN-γ, M-CSF, MIP-1α, MIP-1β, RANTES and TNF-α compared to 

uninfected tissues (p<0.05, n=8, cumulative values in Table 3 Supplemental Digital Content, 

statistical comparisons in Fig. 2). R5SF162 infection resulted in significant increases in 

soluble IL-1β, IL-7, IL-18, IFN-γ, MIP-1α, MIP-1β, RANTES (p<0.05, n=8, Fig. 2). HIV-1 

infection also led to significant increases in EV-associated cytokines: IL-2, IL-7, GRO-α, 

IFN-γ, M-CSF, MIP-1α, MIP-1β, RANTES and TNF-α with X4LAI04 infection, and 

MIP-1α, MIP-1β, and RANTES with R5SF162 (p<0.05, n=8, cumulative values in Table 4, 

Supplemental Digital Content, statistical comparisons in Fig. 2).

HIV-1 infection altered the distribution of cytokines between soluble and EV-associated 

forms. On day 3 post infection, cytokines tended to increase in soluble form, reaching 

statistical significance for RANTES and TNF-α for both viruses (p<0.05, n=8, Figure 3a). 

At day 16, cytokines tended to increase in EV-associated form with X4LAI04 infection, 

reaching significance for IL-2, IFN-γ, M-CSF, MIP-1α, and TNF-α; however, R5SF162 led 

to a shift of more soluble TNF-α (p<0.05, n=8, Fig. 3b).

HIV-1 infection also significantly changed the distribution of some of EV-associated 

cytokines between the surface and internal space of EVs: RANTES distribution was shifted 

towards EV surface in both X4LAI04 and R5SF162 infections compared to matched 

uninfected tissues early in infection, while IL-1α, IL-17 and GM-CSF distribution shifted in 

the opposite direction late in X4LAI04 infection (p<0.05, n=8, Fig. 3c).

Cytokine release by HIV-1 infected lymphoid tissue ex vivo after antiretroviral treatment

Suppression of HIV-1 replication by ART does not reverse cytokine upregulation by HIV-1 

infection. Most of the cytokines elevated in HIV-1 infected tissues remained upregulated 

after 13 days of ART. Comparison of HIV-1 infection and HIV-1 ART over the total length 

of culture demonstrated that few cytokines are significantly reduced with ART; and 

comparison of HIV-1 ART to control showed that many cytokines are likewise still 

upregulated (Fig. 2).

We also evaluated cytokines at the last day of culture, after maximal exposure to ART. The 

mean concentrations of many soluble cytokines were still elevated at least 1.5 times over 

control tissues: IL-2, IL-18, IL-21, S100A8, MIP-1α, MIP-1β, and RANTES for X4LAI04, 

and all of these remained elevated with ART treatment except for IL-18 (Fig. 4a, mean 

concentrations in Table 5, Supplemental Digital Content). For R5SF162 soluble IL-2, IL-7, 

IL-13, IL-18, IL-21, MIP-1α, MIP-1β, RANTES and TNF-α were elevated at least 1.5 times 
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over control tissues at the final day of culture, and IL-2, IL-7, IL-13, and IL-21 remained 

elevated with R5SF162 ART (Fig. 4b).

In the EV-associated form, even more cytokines remained at least 1.5 times higher than 

control cultures: IL-1α, IL-2, IL-7, IL-10, IL-13, IL-16, IL-18, IL-21, IL-33, GM-CSF, IFN-

γ, M-CSF, MIP-1α, MIP-1β, and RANTES and TNF-α for X4LAI04; and only IL-10 and 

IL-13 were no longer elevated with X4LAI04 (Fig. 4c). IL-1α, IL-13, IL-18, IL-21, S100A8, 

GM-CSF, IFN-γ, MIP-1α, MIP-1β, and RANTES were elevated in R5SF162, and only 

IL-1α, GM-CSF, MIP-1α, and MIP-1β decreased with R5SF162 ART (Fig. 4d).

Cytokine release by uninfected lymphoid tissue ex vivo after antiretroviral treatment

We investigated whether ART itself may be responsible for elevating cytokines in the 

absence of HIV-1 infection by treating uninfected cultures with ritonavir in the same manner 

as HIV-1 ART cultures. After 13 days of treatment with ritonavir, tissues had small but 

significant decreases in soluble IL-1α and ITAC (10.1 and 30.8%, respectively; n=8, p<0.05) 

and in EV-associated IL-16, IP-10 and MCP-1 (21.5 – 39.2%; n=8, p<0.05) compared to 

matched control tissues (Fig. 5).

Soluble and EV-associated cytokines trigger responses in sensitive cells

We investigated whether these upregulated cytokines in both soluble and EV-associated 

forms are biologically active. To answer this question, indicator cell lines TF-1 and MC/9, 

that are dependent on particular cytokines for their proliferation 15, were treated with soluble 

and EV-associated cytokines from culture supernatants of X4LAI.04 infected or X4LAI.04 

infected ART treated tissues at day 9. We found that both supernatants and EVs were active 

in eliciting responses from sensitive cells. TF-1 cells were 309.5 ± 28.1% and 307.2 ± 31.2% 

and MC/9 cells were 159.9 ± 8.9% and 294.0 ± 1.1% of negative control cells (no 

stimulation) for X4LAI.04 infected and X4LAI.04 infected ART treated tissue supernatants 

respectively (n=3, p<0.01). In response to EV fractions, TF-1 cells were 145.6 ± 10.3% and 

141.8 ± 24.0% and MC/9 cells were 217.4 ± 5.3 % and 202.8 ± 2.8% of negative controls 

for X4LAI.04 infected and X4LAI.04 infected ART treated EV fractions respectively (n=3, 

p<0.05).

Discussion

Immune activation is now considered to be a driving force of HIV-1 disease 16. Moreover, 

residual immune activation was detected in patients in which HIV-1 replication was 

suppressed by ART for many years. This improper immune activation is associated with the 

development of various pathologies ~15 years earlier than in control population 17. 

Numerous studies demonstrated that HIV-1 triggered immune activation is associated with 

the upregulation of many cytokines and with the changes in the entire cytokine network 
18,19. Some of these cytokines remain upregulated after patients’ HIV-1 infection was 

suppressed by ART and may contribute to the development of the above-mentioned 

pathologies 20. A laboratory-controlled experimental model is needed to study mechanisms 

of HIV-1 triggered immune activation. Our work describes such a model.
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We evaluated 33 cytokines released by donor-matched human lymphoid tissues ex vivo 
productively infected with a prototypic X4 (LAI.04) or a prototypic R5 (SF162) HIV-1 over 

16 days of infection and treated or not with ritonavir. We evaluated not only soluble 

cytokines but also recently discovered 3 “insoluble” cytokines, namely those associated with 

EVs.

EVs are released by virtually all cells in the human body and in viral infection EVs may 

incorporate viral-encoded molecules 21,22. These EVs could potentially cause inflammation, 

neurodegenerative disorders and immunological dysfunction 23–29. In ART treated HIV-1 

patients EVs carry proteins related to immune activation 30.

To study the changes in the free and EV-associated cytokine network in HIV-1 infection and 

to investigate the effects of ART on these processes, in the present work we used a system of 

human lymphoid tissues ex vivo that maintain their cytoarchitecture and cell-cell 

interactions. It more faithfully reproduces important aspects of the in vivo situation than 

isolated cell cultures, thus constituting an adequate system to study tissue pathogenesis of 

various pathogens 11,13,14. In our current work, we used a single drug, rather than drug 

combinations that are used in vivo to prevent evolving of drug-resistant variants, since such 

variants do not seem to evolve ex vivo during the time-course of the experiment 31.

HIV-1 infection with both X4LAI04 and R5SF162 triggered significant upregulation of many 

soluble cytokines, in particular IL-1β, IL-7, IL-18, IFN-γ, MIP-1α, MIP-1β, and RANTES, 

suggesting the importance of these cytokines for general HIV-1 infection. Commonly, these 

cytokines are involved in the immune response to viral infection with proinflammatory and 

chemoattractive functions 32,33. IL-2, IL12, IL-21, GM-CSF, M-CSF, and TNF-α were also 

increased in X4LAI04 infection. Difference in cytokine upregulation between viral strains 

may be related to the difference in the CD4+ T cell populations infected with these viruses: 

while X4LAI04 infects a wide population of CD4+ T cells, R5SF162 infects only a 

subpopulation of these cells that express CCR5 14. A number of the above-mentioned 

cytokines that upon HIV-1 infection were upregulated in soluble form were upregulated in 

EV-associated form as well. GRO-α was uniquely upregulated only in EV form in X4LAI04 

infection probably suggesting its special role in the anti-HIV-1 response.

Since it is HIV-1 infection that triggers immune activation in infected tissues, intuitively it 

was expected that suppression of HIV-1 infection would restore their immune systems to 

pre-infection levels. However, this is not the case and low-level immune activation persists 

in patients successfully treated with antivirals.

Several hypotheses regarding continuous immune activation have been suggested. In 

particular, bacteria translocated through the damaged gut epithelium in HIV-1 infected 

individuals were shown to trigger immune activation34. Apparently, this mechanism is not 

operating in our system. Activation may be not due to a single factor, but rather to a 

combination of different events such as residual viral replication, reactivation of latent 

viruses, opportunistic infections, etc. 353637.

Here, the phenomenon of residual immune activation after successful ART is reproduced in 

an isolated human lymphoid tissue ex vivo system opening a way to study this phenomenon, 
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under controlled laboratory conditions. As expected, ART suppressed productive HIV-1 

infection in human tissue ex vivo, however cytokines remained upregulated after 13 days of 

ART. Of the 7 cytokines that remained elevated at late days of X4LAI04 infection, 6 of these 

remained elevated with ART; 4 of 9 cytokines remained elevated with R5SF162 ART.

These cytokines seem to be released predominantly by bystander cells since cytokine 

increase continues in the course of productive HIV-1 infection in spite of massive death of 

infected cells 38.

EV-associated cytokines were more likely to be elevated late in HIV-1 infection than soluble 

ones, and these also remained elevated in spite of ART. Several of these cytokines remained 

more upregulated in EV-associated form than in soluble form, suggesting they may have a 

different role in cellular communication, probably being delivered with EVs to specific cells 

using an address “barcode” on EV surface 3,39 and triggering a response in these cells. 

Besides cytokines, EVs released by HIV-1 infected cells may contain viral envelope proteins 

(Env) 41 and these EVs facilitate HIV-1 infection 42 or could influence non-infected and 

uninfectable cells through the release of negative regulatory factor (Nef) inside vesicles 43.

Here, we demonstrated that cytokines released both in soluble and EV-associated form are 

biologically active. These cytokines triggered biological response in indicator cells sensitive 

to IL-6 and IL-10. In vivo cytokine released in infected tissues in soluble or EV-associated 

forms may attract cells to the infected cell environment. Although such a redistribution of 

cells within a small tissue block was not observed in our earlier histological analysis 40, it 

cannot be excluded unless a thorough real-time confocal analysis is performed.

In our ex vivo system we were able to investigate whether there is an input from ART itself 

in upregulation of cytokines. In our experiments, treatment of uninfected tissues with 

ritonavir did not result in upregulation of any cytokine. Thus, it seems that other factors, not 

ART support immunoactivation in treated tissues.

Although reflecting in vivo in many aspects, our system has obvious limitations: Unlike in 
vivo where immune activation can be traced for years in individuals with suppressed HIV-1 

infection, our ex vivo experiments are limited to two to three weeks for preservation of 

tissue cytoarchitecture. Also, unlike in vivo there is no recruitment of new cells from 

periphery. Regardless of these limitations, we were able to demonstrate that immune 

activation in isolated tissues remained despite viral control. Our work indicates that cytokine 

upregulation in HIV-1 infected patients constitutes a local response by the infected tissue 

rather than a systemic one. Various implicated factors can be studied in our model system 

including activation of other viral infections (i.e. herpesviruses, in particular CMV) common 

in the HIV-1 infected population 44–47, or undetectable viremia in tissues, etc.

Conclusion

Our analysis showed that HIV-1 infected lymphoid tissues ex vivo upregulated production of 

many cytokines, both free and EV-associated, and the majority of these cytokines remained 

upregulated despite suppression of viral replication by ART. These results are consistent 

with the findings in vivo 20 and demonstrate that HIV-1 infected human tissues ex vivo 
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provide a valuable in vivo-relevant model to study the immune activation in HIV-1 infection 

after ART. Investigation of the mechanisms of the residual immune activation in the 

described ex vivo system under controlled laboratory conditions may help to decipher this 

phenomenon and lead to the development of new therapeutic strategies aimed at controlling 

or modulating cytokine network.
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Fig. 1. Cumulative p24 production by HIV-1 infected human lymphoid tissues ex vivo.
Tissue blocks were inoculated with HIV-1 X4LAI04 or R5SF162 variants and incubated for 16 

days. Matched tissue blocks were treated with ritonavir (5μM) at day 3 and ritonavir was 

added with every medium change through day 16. Cumulative HIV-1 replication as 

evaluated by p24 measurement is shown (Mean ± SEM, n=8).
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Fig. 2. Comparison of cytokine levels between uninfected, HIV-1 infected, and antiretroviral-
treated human lymphoid tissues ex vivo.
Presented are p-values for the Wilcoxon signed-rank test for comparison of the levels of 

soluble and EV-associated cytokines between the uninfected (control) group, HIV-1 infected 

(16 days, X4LAI04 and R5SF162), and HIV-1 infected and treated for 13 days with 5μM 

ritonavir (X4LAI04 ART and R5SF162 ART); p-values are presented in log10-scale with 

Benjamini-Hochberg correction (* indicates significance, n=8, arrows indication direction of 

change up or down).
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Fig. 3. Cytokine distribution between soluble and EV compartments.
Cytokines were measured in soluble and EV-associated forms at various timepoints and 

ratios were determined between the cytokine concentrations in these two forms. (a) day 3; 

(b) day 16. (c) Cytokines encapsulated in EVs and associated with EV surface were 

measured at various timepoints and ratios between these amounts were determined. Mean ± 

SEM, n=8, *p<0.05, **p<0.01, ***p<0.001.
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Fig. 4. Soluble and EV-associated cytokines remained elevated after HIV-1 replication was 
suppressed by ART.
At day 16 of culture, cytokines were measured and their concentrations in uninfected, HIV-1 

infected (X4LAI and R5SF162), and HIV-1 infected ritonavir-treated (X4LAI04 ART and 

R5SF162 ART) were compared. (a, b) soluble cytokines. (c, d) EV-associated cytokines. 

Presented are cytokines that remained at least 1.5-fold higher in HIV-1 infected compared to 

uninfected tissues. Mean ± SEM, n=8, *p<0.05, **p<0.01.
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Fig. 5. Cytokines in uninfected tissues treated with ritonavir were not upregulated.
After 13 days of ART, cytokines were measured and their amounts in untreated (control) and 

matched ritonavir-treated (control ART) were compared. (a) soluble cytokines, (b) EV-

associated cytokines. Mean ± SEM, n=8.
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