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Plasma extracellular vesicles 
bearing PD‑L1, CD40, CD40L 
or TNF‑RII are significantly reduced 
after treatment of AIDS‑NHL
Laura E. Martínez1,2, Shelly Lensing3, Di Chang3, Larry I. Magpantay1,2, Ronald Mitsuyasu1, 
Richard F. Ambinder4, Joseph A. Sparano5, Otoniel Martínez‑Maza1,2,6 & 
Marta Epeldegui1,2,6*

Emerging evidence shows that tumor cells secrete extracellular vesicles (EVs) that carry bioactive cell 
surface markers, such as programmed death-ligand 1 (PD-L1), which can modulate immune responses 
and inhibit anti-tumor responses, potentially playing a role in lymphomagenesis and in promoting 
the growth of these cancers. In this study, we investigated the role of EVs expressing cell surface 
molecules associated with B cell activation and immune regulation. We measured levels of EVs derived 
from plasma from 57 subjects with AIDS-related non-Hodgkin lymphoma (AIDS-NHL) enrolled in the 
AIDS Malignancies Consortium (AMC) 034 clinical trial at baseline and post-treatment with rituximab 
plus concurrent infusional EPOCH chemotherapy. We found that plasma levels of EVs expressing 
PD-L1, CD40, CD40L or TNF-RII were significantly reduced after cancer treatment. AIDS-NHL patients 
with the diffuse large B cell lymphoma (DLBCL) tumor subtype had decreased plasma levels of EVs 
bearing PD-L1, compared to those with Burkitt’s lymphoma. CD40, CD40L and TNF-RII-expressing 
EVs showed a significant positive correlation with plasma levels of IL-10, CXCL13, sCD25, sTNF-RII 
and IL-18. Our results suggest that patients with AIDS-NHL have higher levels of EVs expressing 
PD-L1, CD40, CD40L or TNF-RII in circulation before cancer treatment and that levels of these EVs are 
associated with levels of biomarkers of microbial translocation and inflammation.

Chronic HIV-1 infection increases the risk of B cell non-Hodgkin lymphoma (NHL). Although combination 
anti-retroviral therapy (cART) has improved the overall survival of persons living with HIV-1 infection1–8, non-
Hodgkin lymphoma (NHL) remains a significant cause of morbidity and mortality among HIV-1-infected indi-
viduals in the post-cART era9,10. Anti-CD20 or rituximab (monoclonal anti-CD20 antibody) immunotherapy has 
been shown to significantly improve the outcome of patients with HIV-associated CD20-positive lymphomas11. 
CD20 is a cell surface tetraspan receptor expressed on most B cells, which plays a significant role in the differen-
tiation, maturation, and activation of B cells, and most B cell NHLs are positive for CD20. Several studies have 
shown that rituximab, in combination with an infusional regimen of etoposide, vincristine, doxorubicin, cyclo-
phosphamide, and prednisone (EPOCH) chemotherapy, is highly effective in HIV-associated B cell NHL12–14. 
The association between HIV+ status and survival in NHL appears to be attenuated after controlling for more 
aggressive presentation and lower frequency of rituximab use in HIV+ individuals15.

We previously showed that treatment of patients with AIDS-associated NHL (AIDS-NHL) enrolled in the 
AIDS Malignancy Consortium (AMC) 034 trial (AMC-034), which involved treatment with rituximab plus 
infusional EPOCH chemotherapy, resulted in decreased plasma levels of several B cell activation-associated 
molecules, such as IL-6, IL-10, CXCL13, sCD27, and sCD30, where reduced plasma levels persisted for one year 
after the completion of treatment16. Pre-treatment levels of CXCL13, IL-6, and IL-10 were also associated with 
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response to therapy, as well as overall survival16. In addition, subjects who responded to therapy had overall lower 
pre-treatment levels of sCD14, sCD25, IL-18 and sTNF-RII, and higher pre-treatment levels of EndoCab IgM17.

We have also shown that CD19+ B cells expressing PD-L1 are significantly elevated in HIV+ subjects 1–4 years 
prior to AIDS-NHL diagnosis18. Most PD-L1-expressing cells had a CD19+CD24++CD38++ phenotype charac-
teristic of B-regulatory cells, which secrete inhibitory cytokines such as IL-10, to suppress adaptive immune 
responses18. Therapeutic antibodies can block PD-L1’s interaction with PD-1 and reactivate the anti-tumor 
immune response19. Several studies have already used tumor PD-L1 as a predictive biomarker for clinical 
response to anti-PD-1 therapy20–22. Moreover, PD-L1-expressing B cells that secrete extracellular vesicles bear-
ing PD-L1 may play an important role in the etiology and pathogenesis of AIDS-NHL.

Extracellular vesicles (EVs) are lipid-bound membrane vesicles released by most cells into the extracellular 
milieu that carry bioactive molecules, including proteins, lipids, metabolites, DNA, mRNA, and microRNA, and 
can express immunoregulatory molecules on their surface, and like cytokines and chemokines, can circulate 
in peripheral blood to distant sites23. Tumor cell-derived EVs participate in the formation and progression of 
different cancer processes, such as remodeling of the tumor microenvironment, angiogenesis, metastasis, and 
in some cases, drug-resistance, which remains one the biggest challenges in cancer therapy24. Thus, EVs are 
promising non-invasive biomarkers that may correlate with tumor progression and/or response to therapy, and 
prognosis for different types of cancer24–26.

PD-L1-expressing EVs, which can be found in both peripheral blood circulation and the tumor microenviron-
ment, can inhibit anti-tumor immune responses and promote tumor-mediated disease progression27–31. Studies 
have shown that PD-L1+-exosomes are significantly higher in melanoma patients who do not respond to anti-
PD-1 therapy32. Moreover, PD-L1-bearing exosomes are as efficient at inhibiting T cell activation as melanoma 
cancer cells33. Exosomal PD-L1 levels have been shown to be significantly higher in non-small cell lung cancer 
(NSCLC) patients with advanced tumor stage, larger tumor size, and distant metastasis34.

In this study, we performed a prospective analysis to investigate whether extracellular vesicles isolated from 
plasma of patients with AIDS-NHL at baseline, and post-treatment, express molecules associated with B cell 
activation and immune signaling, such as PD-L1, CD40, CD40L, B7-H3, TNF-RII or IL-6Rα. We sought to 
determine if EVs bearing these molecules correlated with biomarkers known to be significantly decreased after 
AIDS-NHL treatment.

Results
Characterization of plasma‑derived EVs from AIDS‑NHL patients.  Extracellular vesicles were 
isolated from plasma of 57 AMC-034 clinical trial participants at pre-treatment (baseline) and post-treatment 
(with rituximab and concurrent infusional EPOCH chemotherapy), using a total exosome isolation precipita-
tion reagent (Invitrogen). Two subjects did not have post-treatment samples. Western blot analysis showed that 
EVs expressed proteins known to be enriched in exosomes, such as the tetraspanin CD9, TSG101, and HSP70 
(Fig. 1A), confirming that these preparations were enriched for EVs. Calnexin was used as the non-exosomal 

Figure 1.   Characterization of extracellular vesicles isolated from plasma of AMC-034 trial participants at 
pre-treatment (baseline) and post-treatment. (A) Western blot analysis of EVs demonstrating the presence of 
exosome-specific markers, such as the tetraspanin CD9, TSG101, and HSP70, and (B) a non-exosomal maker, 
Calnexin (endoplasmic reticulum marker). 20 µg was used from each sample. Results are from plasma-derived 
EVs of matched pre-treatment (pre-RX or baseline) (N = 3) and post-treatment (post-Rx) (N = 3) plasma 
samples of AMC-034 trial subjects, including protein from the lysate of the Raji cell line (20 µg). The exposure 
time for the HSP70 blot was 90 s. For the TSG101 blot, boxed lines delineate that AMC pre- and post-Rx sample 
3 was run in a separate gel, and blots were exposed for 30 s each. The exposure time for the CD9 blot was 120 s. 
Full blots are shown for Calnexin, where AMC pre- and post-Rx sample 3 was run in a separate gel along with 
the cell lysate from the Raji cell line. Each blot was exposed for 30 s.
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marker and it was only detected in protein from lysate of Raji cells, a Burkitt’s lymphoma cell line (Fig. 1B), but 
was not detected in EVs isolated from the plasma of AIDS-NHL patients.

AIDS‑NHL patients showed decreased plasma levels of EVs bearing molecules associated with 
immune activation following cancer treatment.  We then evaluated whether EVs expressed cell sur-
face markers on their surfaces that are important in immune regulatory responses and that play a role in lympho-
magenesis. Thus, we measured plasma levels of EVs expressing molecules important for B and T cell signaling 
(CD40 and CD40L), molecules with immune modulatory activities (PD-L1, B7 immune checkpoint molecule 
B7-H3 [CD276], and ICAM-1 [CD54)]), TNF-RII, the receptor for TNFα and an indicator of clinical response to 
treatment and survival in AIDS-NHL16,17; IL-6Rα, which is part of the IL-6 receptor, and a molecule involved in 
the regulation of cell death, Fas Ligand (FasL). We measured the expression of these cell surface markers on EVs 
(PD-L1, CD40, CD40L, B7-H3, TNF-RII, IL-6Rα, ICAM-1 or FasL) using a multiplexed bead beased immuno-
metric assay (Luminex). AIDS-NHL patients showed decreased plasma levels of EVs bearing PD-L1 (p = 0.006), 
CD40 (p = 0.003), CD40L (p < 0.001) or TNF-RII (p = 0.015) after cancer treatment, compared to baseline plasma 
levels (Wilcoxon signed rank test) (Fig. 2A–D). The data presented in Fig. 2 is for 55 patients at pre- and post-
treatment. For results on PD-L1-bearing EVs, we found that 25 of 55 patients had higher PD-L1 values at pre-
treatment compared to its corresponding, matched post-treatment value; 11 of 55 patients had higher values 
at post-treatment compared to pre-treatment; and 19 of 55 patients had values that were the same at pre- and 
post-treatment. For data on CD40-bearing EVs, 35 of 55 patients had higher CD40 values at pre- compared to 
post-treatment; 18 of 55 patients had higher values at post- compared to pre-treatment, and 2 of 55 patients had 
values that were the same at pre- and post-treatment. For data on CD40L-bearing EVs, 37 of 55 patients had 
higher CD40L values at pre- compared to post-treatment; 16 of 55 patients had higher values at post- compared 
to pre-treatment, and 2 of 55 patients had values that were the same at pre- and post-treatment. For data on 
TNF-RII-bearing EVs, 35 of 55 patients had higher TNF-RII values at pre- compared to post-treatment; 18 of 
55 patients had higher values at post- compared to pre-treatment, and 2 of 55 patients had values that were the 
same at pre- and post-treatment.

Plasma‑derived EVs expressing PD‑L1 were significantly lower in AIDS‑NHL patients with the 
DLBCL tumor subtype.  We then evaluated any associations between blood circulating EVs expressing the 
different immune cell surface markers (PD-L1, CD40, CD40L, B7-H3, TNF-RII, IL-6Rα, ICAM-1 or FasL) and 
tumor subtype of AIDS-NHL patients. AIDS-NHL patients who had the DLBCL tumor subtype showed sig-
nificantly reduced plasma levels of PD-L1-expressing EVs when compared to patients with Burkitt’s lymphoma 
tumor subtype (p = 0.037, Wilcoxon two-sample test) (Fig. 3). We further compared EVs according to IPI score 
for AIDS-NHL patients with DLBCL tumor subtype, and found that the group with IPI scores between 2–3 had 
significantly higher EVs bearing PD-L1, CD40, CD40L or TNF-RII compared to the group with an IPI score 
between 0 and 1 (Fig. 4).

Plasma‑derived EVs bearing different immune markers correlated with biomarkers known 
to be significantly associated with AIDS‑NHL risk and prognosis.  We then investigated whether 
EVs expressing the different immune cell surface markers (PD-L1, CD40, CD40L, B7-H3, TNF-RII, IL-6Rα, 
ICAM-1 or FasL) correlated with biomarkers previously shown to be associated with AIDS-NHL risk16. We did 
not observe that any of the cell surface markers in EVs had prognostic value, however the sample size is small 
for survival analyses and the comparison was not a priori powered. In prior studies, we measured plasma levels 
of EndoCab IgM by ELISA, and quantified plasma levels of molecules associated with B cell stimulation/acti-
vation (IL-6, sCD23, sCD25, sCD30, CXCL13, sTNFRII, sCD44, IL-10), macrophage activation (BAFF/BLyS, 
IL-18, CCL2/MCP-1, TNFα, TARC/CCL17, sCD163), and microbial translocation (sCD14, LBP) by Luminex 
multiplex immunometric assay, as described in Martínez et al.17. Here, we determined if a correlation between 
plasma-derived EVs and plasma biomarker levels existed prior to cancer treatment. We found that EVs bear-
ing PD-L1 significantly correlated with plasma levels of IL-10 at baseline for the subset with available IL-10 
data (n = 41 of 57 total subjects, Spearman’s ρ = 0.38, p = 0.014). Furthermore, we found a significant associa-
tion between EVs bearing PD-L1 and plasma levels of IL-10 at baseline for subjects with DLBCL tumor sub-
type (n = 32, Spearman’s ρ = 0.47, p = 0.007). We did not find any correlations for PD-L1-expressing EVs with 
HIV viral load, CD4+ T cell count, or any of the biomarkers examined at baseline (data not shown). However, 
CD40-expressing EVs significantly correlated with HIV viral load (Spearman’s ρ = 0.40, p = 0.003), as well as EVs 
bearing TNF-RII (Spearman’s ρ = 0.59, p < 0.001) or IL-6Rα (Spearman’s ρ = 0.38, p = 0.005) (Table 1). None of 
the plasma-derived EVs correlated with CD4+ T cell count (data not shown). Moreover, CD40-expressing EVs 
positively correlated with plasma levels of IL-10, CXCL13, sCD25, sTNF-RII, IL-18, and sCD163, while CD40L-
expressing EVs correlated with plasma levels of IL-10, CXCL13, sCD25, sTNF-RII, IL-18, sCD163, and CCL17 
at baseline (Table 1). TNF-RII-expressing EVs correlated with plasma levels of IL-6, IL-10, CXCL13, sCD25, 
sTNF-RII, IL-18, BAFF, sCD14, sCD44, and CXCL10; and IL-6Rα-expressing EVs correlated with plasma levels 
of IL-10, CXCL13, sCD25, sTNF-RII, IL-18, sCD163, BAFF, and CXCL10 at baseline (Table 1).

When we examined EVs bearing B7-H3, we found significant negative correlations with plasma levels of 
CXCL10 (Spearman’s ρ = − 0.27, p = 0.042), sCD44 (Spearman’s ρ = − 0.39, p = 0.003), and EndoCab IgM (Spear-
man’s ρ = − 0.26, p = 0.048) at baseline. EVs bearing FasL correlated with plasma levels of sCD44 (Spearman’s 
ρ = 0.32, p = 0.015), CXCL10 (Spearman’s ρ = 0.33, p = 0.013), and TNF-α (Spearman’s ρ = 0.35, p = 0.008) at base-
line. Significant associations were found for ICAM-1-expressing EVs and plasma levels of BAFF (Spearman’s 
ρ = 0.27, p = 0.042), sCD163 (Spearman’s ρ = 0.33, p = 0.012), and IL-18 (Spearman’s ρ = 0.30, p = 0.023) at baseline.
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Characterizing associations among plasma‑derived EVs expressing the different immune cell 
surface molecules.  Multiple immune activation and immuneregulatory molecules can be enriched on the 
surface of circulating extracellular vesicles. Thus, we further investigated whether any strength and/or direct 
associations existed among the plasma-derived EVs and determined Spearman’s correlation coefficients for each 
comparison. We found that plasma levels of PD-L1-expressing EVs directly correlated with plasma levels of EVs 
expressing CD40, CD40L, TNF-RII, IL-6Rα, ICAM-1, or FasL (Table 2). A significant, indirect correlation was 
found between PD-L1 and B7-H3-expressing EVs (Table 2). CD40-expressing EVs had significant correlations 
with all the other EVs examined, with the exception of B7-H3 expressing EVs (Table 2). CD40L-expressing EVs 
showed significant correlations with all other EVs, with the exception of B7-H3 or FasL expressing EVs (Table 2). 
Moreover, TNF-RII-expressing EVs significantly correlated with all the EVs examined, while IL-6Rα correlated 
with all other EVs but not with B7-H3 or FasL expressing EVs (Table 2). ICAM-1-expressing EVs correlated with 
all other EVs but not with B7-H3. Lastly, FasL-expressing EVs correlated with all other EVs but not with EVs 

Figure 2.   Plasma-derived extracellular vesicles expressing PD-L1, TNF-RII, CD40 or CD40L were significantly 
decreased after cancer treatment. Levels of exosomal PD-L1 (pg/ml) (A); CD40 (B), CD40L (C), and TNF-RII 
(D) isolated from plasma of AMC-034 trial subjects compared at pre-treatment (baseline) (pre-Rx) (N = 55) and 
post-treatment (post-Rx) (N = 55), as determined by Luminex multiplex immunometric assay. Each black circle 
corresponds to each patient and their mean value at pre- and post-treatment is provided (mean values were 
calculated from duplicate wells). Mean values of pre-Rx and post-Rx are shown as red circles and lines (PD-L1, 
mean pre-Rx (2.03 pg/ml) and post-Rx (1.17 pg/ml); CD40, mean pre-Rx (20.99 pg/ml) and post-Rx (13.73 pg/
ml); CD40L mean pre-Rx (207.90 pg/ml) and post-Rx (131.82 pg/ml); and TNF-RII mean pre-Rx (84.26 pg/ml) 
and post-Rx (58.58 pg/ml). Statistical comparisons were made using two-sample non-parametric Wilcoxon rank 
sum tests.
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expressing CD40L or IL-6Rα (Table 2). These results suggest that some EVs share extracellular surface molecules 
on their surface.

Discussion
Extracellular vesicles released from cancer cells can function as messengers to regulate other cells in the tumor 
microenvironment, and contribute to tumor growth and tumor progression35. PD-L1 is highly expressed in 
tumor cells and can be secreted in EVs to alter the immune system response in the tumor microenvironment25. 
In this study, we measured plasma concentrations of PD-L1-expressing EVs and compared those with clinical 
and pathologic features of patients with AIDS-NHL who were taking part in the AMC-034 trial, such as HIV viral 
load, CD4+ T cell count, tumor subtype, response to cancer treatment, patient outcome measures, and evaluated 
associations with plasma levels of molecules important for AIDS-NHL risk16,17.

We found that plasma levels of PD-L1-expressing EVs were significantly higher in AIDS-NHL patients prior 
to the initiation of rituximab and EPOCH chemotherapy. A significant correlation between plasma levels of EVs 
expressing PD-L1 and plasma levels of IL-10 was observed at baseline. It is important to note that DLBCL tumor 
subtype had overall reduced plasma levels of PD-L1+ EVs compared to the Burkitt’s NHL subgroup, raising the 
possibility that the positive and significant association between PD-L1+ EVs and plasma levels of IL-10 is due 
to tumor type. Although this is difficult to acertain, since there were only seven patients with Burkitt’s NHL, we 
did see that the correlation was stronger in the DLBCL subset compared to both tumor types combined. These 
results suggest that plasma levels of IL-10 at baseline may act as a negative immunomodulatory factor to inhibit 
immune responses associated with circulation of PD-L1+ EVs. We previously showed that pre-treatment levels 
of IL-10 were associated with response to therapy, as well as overall survival, in AIDS-NHL16. Thus, plasma levels 
of PD-L1-expressing EVs and IL-10 hold promise as effective prognostic biomarkers in AIDS-NHL.

We then examined other molecules important for B and T cell signaling, such as CD40, CD40L, and B7-H3 
(CD276), which have co-stimulatory/co-inhibitory immunoregulatory functions36, and are highly expressed in 
different types of cancers37. We also evaluated the expression of TNF-RII on EVs, whose expression has been 
linked to tolerogenic immune reactions, including a subset of T-regulatory cells38 and IL-10-producing B cells39; 
and EVs expressing IL-6Rα, which is of high interest since our previous work has shown that IL-6 has prog-
nostic value as an indicator of subsequent response to AIDS-NHL treatment and survival16. Moreover, we also 
quantified plasma levels of FasL-expressing EVs. FasL can be expressed in both membrane bound and soluble 
forms and has been shown to be secreted in vesicles from activated T cells to induce Fas-mediated apoptosis40.

We found that EVs bearing CD40 correlated with plasma levels of IL-10, CXCL13, sCD25, sTNF-RII, IL-18, 
and sCD163, while TNF-RII-expressing EVs correlated with IL-6, IL-10, CXCL13, sCD25, sTNF-RII, IL-18, 
BAFF, sCD14, sCD44, and CXCL10 at baseline. IL-6Rα-expressing EVs correlated with several plasma bio-
markers, such as IL-10, CXCL13, sCD25, sTNF-RII, IL-18, sCD163, BAFF, and CXCL10 at baseline. Thus, we 
have found that molecules important for B cell signaling and that promote B cell survival are enriched in blood 
circulating EVs at baseline in AIDS-NHL patients, and that these plasma-derived EVs correlate with biomarkers 

Figure 3.   Plasma levels of PD-L1-expressing EVs were significantly lower at baseline in AMC-034 trial 
participants with diffuse large B cell lymphoma (DLBCL) than in those with Burkitt lymphoma. Box plots 
showing the distributions of PD-L1-expressing EVs at baseline for DLBCL (N = 46; Median score = 0.7) and 
Burkitt’s lymphoma (BL) (N = 7; Median score = 2.4) tumor subtypes among AMC-034 trial subjects at baseline. 
Wilcoxon two-sample tests were conducted.
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of AIDS-NHL risk. CD40, TNF-RII or IL-6Rα on EVs may facilitate communication between lymphoma cells 
and distant immune cells of the tumor microenvironment. AIDS-NHL patients also had increased plasma levels 
of EVs bearing CD40L, which may also facilitate communication and/or the recruitment of tumor-infiltrating B 
lymphocytes. Moreover, we did not find significant differences in plasma levels of EVs bearing FasL at baseline 
and post-treatment, but we did find correlations between FasL-expressing EVs and plasma levels of biomarkers 
for AIDS-NHL risk (sCD44, CXCL10, and TNF-α) at baseline, suggesting that they can mediate tumor immune 
responses and/or tumor immune escape. Morever, the expression of these different immune cell surface molecules 
on plasma-derived EVs can mediate early events in lymphomagenesis and play a vital role in cancer metasta-
sis, further interacting with different immune cells in the tumor microenvironment and modulating immune 
responses. EVs expressing PD-L1 can modulate T cell responses, promoting the growth of tumor cells and/or 
inhibiting T cells in distant draining lymph nodes41.

These results suggest that EVs may serve as potential biomarkers for prospective immunotherapy-focused 
clinical trials for AIDS-NHL prior to, and after, initiating therapy. Further studies will include the proteomic 
profiling of plasma-derived EVs from AIDS-NHL patients in order to define other immunoregulatory molecules 
associated with immune activation and/or dysfunction, as well as the cytokine profiling of EVs. Extracellular 
vesicle cargos are heterogeneous and mirror the landscape of EV producing cells. Therefore, it will be important 
to profile the repertoire of EV proteomes, which can be subjected to imaging mass cytometry to examine EVs 
in the tumor microenvironment.

Various studies have shown that HIV-1-infected cells secrete exosomes that carry viral RNA and proteins 
and that can be transported to other cells in the microenvironment42–46. These EVs have the potential to have 
myriad effects on the pathogenesis of AIDS-NHL and disease progression. Thus, it will be important to elucidate 
the molecular mechanisms mediated by plasma-derived EVs to determine if EVs bearing PD-L1 and/or other 
B7-molecules have immunosuppressive properties that may inhibit T cell activation and/or anti-tumor responses.

Circulating tumor-derived EVs are being examined for the early detection of a variety of cancers, which have 
the potential to discover new chemopreventive strategies and/or anti-cancer drug therapies. Our study supports 
that EVs are associated with biomarkers contributing to chronic B cell activation, macrophage activation, and 
microbial translocation, all factors that are associated with AIDS-NHL risk and pathogenesis. These findings 
have relevance to HIV-infected individuals with high levels of tumor cells secreting EVs in blood circulation 
while undergoing treatment with anti-B-cell therapy drugs, including rituximab and chemotherapy agents.

Figure 4.   AMC-034 trial participants with DLBCL with IPI scores of 2 -3 showed increased expression of 
EVs bearing PD-L1, CD40, CD40L or TNF-RII at baseline. Comparison of EVs bearing PD-L1 (A), CD40 (B), 
CD40L (C), or TNF-RII (D) according to IPI scores 0–1 (n = 20) and 2–3 (n = 26) for DLBCL tumor subtype. 
Box plots show the distribution of EVs expressing these markers; Wilcoxon two-sample tests were conducted.
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Methods
AIDS Malignancies Consortium (AMC) 034 study population.  Of the 106 AIDS-NHL patients 
enrolled in an AIDS Malignancy Consortium (AMC) trial, AMC protocol #034 (AMC-034), which compared 
infusional combination chemotherapy (EPOCH: etoposide, vincristine, doxorubicin, cyclophosphamide, and 
prednisone) with concurrent or sequential rituximab16, plasma specimens were available from 57 patients with 
intermediate- or high-grade HIV-associated B cell NHL (50 patients had DLBCL, 17 had Burkitt’s lymphoma, 
and 2 were classified only as lymphoma). Clinical responses were defined as described in the report detail-
ing AMC-034 trial results, including clinical characteristics of patients16. Briefly, the median age of lymphoma 
patients was 42.6 ± 8.8 years. Lymphoma patients had a median HIV-1 plasma level of 9,908 [inter-quartile range 
(IQR) between 492.5 and 45,660] and a median CD4+ T cell number of 187 cells/mm3 [IQR between 82 and 
333]. Plasma was collected before the initiation of therapy at the end of the first cycle (within a week or less of 
treatment), and at 6 months and one year following the completion of treatment.

Table 1.   Correlations for plasma-derived extracellular vesicles expressing CD40, CD40L, TNF-RII or IL-6Rα 
with HIV viral load and biomarkers of AIDS-NHL risk at baseline (n = 41–57). The number of subjects with 
available HIV viral load data was n = 52; the number of subjects with available IL-6, IL-10, and CXCL13 data 
was n = 41; and the number of subjects with available data for all other biomarkers was n = 57. a Spearman’s ρ 
(rho) represents the correlation coefficient. b p: p-value testing if correlation is significantly different from 0.

CD40+ EVs CD40L+ EVs TNF-RII+ EVs IL-6Rα+ EVs

HIV viral load

Spearman’s ρa 0.40 0.16 0.59 0.38

pb 0.003 0.254 < 0.001 0.005

IL-6

Spearman’s ρ 0.28 0.17 0.42 0.28

p 0.075 0.293 0.006 0.080

IL-10

Spearman’s ρ 0.43 0.45 0.44 0.43

p 0.005 0.003 0.004 0.005

CXCL13

Spearman’s ρ 0.42 0.37 0.64 0.53

p 0.007 0.018 < 0.001 < 0.001

sCD25

Spearman’s ρ 0.38 0.34 0.51 0.38

p 0.004 0.011 < 0.001 0.004

sTNF-RII

Spearman’s ρ 0.40 0.35 0.68 0.43

p 0.002 0.008 < 0.001 0.001

IL-18

Spearman’s ρ 0.35 0.27 0.48 0.44

p 0.008 0.042 < 0.001 0.001

sCD163

Spearman’s ρ 0.28 0.28 0.24 0.43

p 0.038 0.038 0.074 0.001

CCL17

Spearman’s ρ 0.05 0.29 − 0.03 0.10

p 0.729 0.030 0.819 0.445

BAFF

Spearman’s ρ 0.18 0.20 0.47 0.31

p 0.173 0.128 < 0.001 0.018

sCD14

Spearman’s ρ 0.22 0.15 0.42 0.17

p 0.099 0.252 0.001 0.194

sCD44

Spearman’s ρ 0.20 0.09 0.30 0.20

p 0.129 0.494 0.024 0.126

CXCL10

Spearman’s ρ 0.13 0.19 0.48 0.31

p 0.343 0.160 < 0.001 0.018
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Extracellular vesicle isolation from plasma of AMC‑034 trial subjects.  Plasma samples of 0.2 ml 
were differentially centrifuged at 2000×g for 20 min at room temperature to remove cell debris. The supernatant 
of clarified plasma was then transferred to a new tube and centrifuged at 10,000×g for 20 min at room tempera-
ture to further remove any remaining debris. The supernatant containing the clarified plasma was then trans-
ferred to a new tube with 0.5 ml volume of 1× PBS and mixed thoroughly, and 0.2 ml volume of the exosome 
precipitation reagent (from plasma) was added to the sample (Total Exosome Isolation (Plasma) Kit, Invitrogen, 
Cat No:4484450). The plasma/reagent solution was mixed by vortexing until the solution was homogenous and 
then the samples were incubated at room temperature for 10 min. After the incubation period, samples were 
centrifuged at 10,000×g for 5 min at room temperature to pellet exosomes. The supernatant was retrieved by 
pipet and discarded. The EV pellet was centrifuged for an additional 30 s at 10,000×g to collect any residual rea-
gent. The residual supernatant was carefully discarded with a pipet. Then, 300 μl of 1× PBS was added to the pel-
let, resuspended with a pipet, and then lightly vortexed. Isolated EVs were stored at 4 °C or kept at − 20 °C until 
ready for downstream analysis, such as for Luminex multiplex immunometric assay and western blot analysis.

Extracellular vesicle protein quantification and western blot analysis.  Protein quantification of 
plasma-derived EV preparations was performed by Micro BCA assay (Micro BCA Protein Assay Kit, Thermo 
Fisher Scientific). Absorbance was read at 562 nm using a Molecular Devices VersaMax microplate reader and 
data was analyzed by SoftMax Pro software (5.4) (Molecular Devices). For preparing samples for western blot 
analysis, EVs were lysed by adding an equal volume of 1X RIPA Lysis Buffer (pH 7.4 ± 0.1) (Santa Cruz Biotech-
nologies) with Protease Inhibitor Cocktail in DMSO (Santa Cruz Biotechnologies), 200 mM PMSF solution (in 
DMSO) (Santa Cruz Biotechnologies), and 100 mM Sodium Orthovanadate solution (in water) (Santa Cruz 
Biotechnologies), followed by incubation at 4 °C for 15 min. Preparations were normalized for protein content 
and 20 µg were prepared with 4× Protein Sample Loading Buffer (LI-COR) for a final concentration of 1×, and 
then incubated at 70 °C for 10 min. Samples were then loaded into each well of a pre-cast 4–12% Bis–Tris Mini 
Protein Gel (1.0 mm) (3.5–260 kd) (Invitrogen), run at 150 V, and then electrophoretic transferred to an Mil-
lipore Immobilin®-FL PVDF Membrane (0.45 µm) using a Mini-Protean Tetra System (BioRad) at 100 V for 
1 h. Membranes were immersed for 30s in 100% methanol then and wet in 1X Intercept® TBS Blocking Buffer 
(1× TBS) (LI-COR) for 5 min. Membranes were then blocked with 1× TBS for 1 h at room temperature with 
gentle shaking, according to manufacturer’s instructions. Membranes were then incubated with the following 
primary antibodies: mouse monoclonal anti-CD9 (Developmental Studies Hybridoma Bank, Cat #602.29 cl.11) 
at 1:50; rabbit polyclonal anti-HSP70/HSPA1A (R&D Systems, Cat# AF1663) at 1:1000; mouse monoclonal anti-
calnexin (Santa Cruz Biotechnology, Cat# sc-23954 at 1:1,000; or rabbit polyclonal anti-TSG101 (Proteintech, 

Table 2.   Correlation between plasma-derived EVs expressing PD-L1, CD40, CD40L, TNF-RII or IL-6Rα at 
baseline (n = 57). a Spearman’s ρ (rho) represents the correlation coefficient. b p: p-value testing if correlation is 
significantly different from 0.

PD-L1+ EVs CD40+ EVs CD40L+ EVs TNF-RII+ EVs IL-6Rα+ EVs

PD-L1+ EVs

Spearman’s ρa 1.00 0.55 0.38 0.49 0.33

pb < 0.001 0.003 0.0001 0.011

CD40+ EVs

Spearman’s ρ 0.55 1.00 0.60 0.66 0.49

p < 0.001 < 0.001 < 0.001 0.001

CD40L+ EVs

Spearman’s ρ 0.38 0.60 1.00 0.48 0.58

p 0.003 < 0.001 < 0.001 < 0.001

TNF-RII+ EVs

Spearman’s ρ 0.49 0.66 0.48 1.00 0.68

p < 0.001 < 0.001 < 0.001 < 0.001

IL6Rα+ EVs

Spearman’s ρ 0.33 0.49 0.58 0.68 1.00

p 0.011 < 0.001 < 0.001 < 0.001

FasL+ EVs

Spearman’s ρ 0.40 0.27 0.22 0.34 0.12

p 0.002 0.040 0.094 0.011 0.359

B7-H3+ EVs

Spearman’s ρ − 0.33 − 0.18 − 0.10 − 0.37 − 0.09

p 0.011 0.169 0.473 0.005 0.484

ICAM+ EVs

Spearman’s ρ 0.47 0.56 0.31 0.53 0.54

p < 0.001 < 0.001 0.019 < 0.001 < 0.001
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Cat#28283-1-AP) at 1:2000. All primary antibodies were diluted in 1× TBS with 0.2% Tween 20, and incubated 
overnight at 4 °C with gentle shaking. The next day, the blot was rinsed 3–5 times with 1× TBS-0.1% Tween 20 
for 5 min each wash over a platform shaker, and then incubated with appropriate secondary antibodies: IRDye 
800CW goat anti-mouse secondary antibody (1:10,000) (for detection of CD9 and Calnexin), IRDye 680RD 
goat anti-rabbit secondary antibody (1:10,000) (for detection of TSG101) or IRDye 800CW donkey anti-rabbit 
secondary antibody (1:10,000) (for detection of HSP70). Secondary antibodies were diluted in 1× TBS with 0.2% 
Tween 20 and 0.02% SDS for 1 h at room temperature with gentle shaking. The blot was then washed 3 times 
with 1× TBS-0.1% Tween 20 for 5 min each wash while shaking vigorously over a platform shaker at room tem-
perature, and then finally rinsed in 1× TBS to remove residual Tween 20. Blots were then immediately scanned at 
700 nm or 800 nm using a ChemiDoc Touch Imaging System (UCLA AIDS Institute) and images were collected.

Quantification of plasma‑derived EVs expressing PD‑L1 and other immunoregulatory mol‑
ecules by Luminex multiplex immunometric assay.  EVs were retrieved from −  20  °C and left at 
4 °C for thawing. Samples were treated with 0.1% Tween-20 in 1× PBS to inactivate HIV (final concentration of 
0.05%) and then left at room temperature for at least 30 min before loading on to Luminex multiplex assay plates 
with custom-made panels produced by R&D Systems. Customized plates consisted of a panel of microparticles 
pre-coated with analyte-specific antibodies against PD-L1, CD40, CD40L, TNF-RII, IL-6Rα, B7-H3, ICAM-1 
(CD54), and Fas Ligand (FasL). Exosomes isolated from plasma of AMC-034 patients were added to the plate 
in duplicate and incubated, followed by a biotin antibody and by a streptavidin–phycoerythrin conjugate. The 
fluorescence intensity of each analyte’s microparticles was quantified using a BioPlex 200 (Luminex) System 
Analyzer (Bio-Rad, Hercules, California, USA), and the data analyzed using BioPlex Manager (v 4.1.1) software. 
A standard curve was generated for each biomarker. Standard curve values ranged from 900 to 1.23 pg/ml for 
PD-L1; 5430 to 7.45 pg/ml for CD40; 50,630 to 69.45 pg/ml for CD40L; 2680 to 3.68 pg/ml for TNF-RII; 25,320 
to 34.73 pg/ml for IL-6Rα; 238,470 to 327.12 pg/ml for B7-H3; 2,040,400 to 2798.83 pg/ml for ICAM-1; and 2200 
to 3.02 pg/ml for Fas Ligand. In some instances, extrapolated values were utilized, which are values that are based 
on a fluorescence signal that is above the background level of detectable fluorescence for the Luminex analyzer, 
but below the lowest value of the standard curve. For quality control, pre-treatment and post-treatment exosome 
samples were equally distributed across reaction plates, and duplicates were included across the reaction plates 
to calculate coefficients of variation. Laboratory personnel were blinded to the pre- and post-treatment status 
of samples.

To determine associations between EVs and biomarkers previously identified for AIDS-NHL risk, we used 
data previously acquired and reported in Ref.17. Briefly, plasma levels of EndoCab IgM (Hycult Biotech, Uden, 
The Netherlands) were determined by ELISA, according to the manufacturers’ instructions. Plasma levels of all 
other biomarkers (sCD14, LBP, FABP2, IL-18, CCL2/MCP-1, sCD163, IP-10/CXCL10, TARC/CCL17, TNF-α, 
BAFF/BLyS, sTNF-RII, sCD44, and sIL2Rα/sCD25) were determined using the Luminex multiplex assay platform 
with custom-made panels, as previously described17.

Statistical analysis.  Changes in plasma-derived EVs bearing PD-L1 were compared pre- to post-cancer 
treatment using paired nonparametric Wilcoxon sign-rank tests. In addition, pre-treatment (baseline) biomark-
ers were compared according to tumor type using the nonparametric Wilcoxon rank sum test. The relationships 
between PD-L1, CD40, CD40L, TNF-RII, IL-6Rα, B7-H3, ICAM-1 or FasL-expressing EVs and plasma levels of 
cytokines, chemokines, and prognostic biomarkers of AIDS-NHL were assessed using Spearman’s rank correla-
tion coefficient. p values were not adjusted for multiple comparisons. In all cases, a two-tailed value of p < 0.05 
was considered statistically significant.

Informed consent and regulatory approval.  The study was reviewed and approved by the Cancer 
Evaluation Therapy Program of the National Cancer Institute, and by the institutional review board at each 
participating institution. All patients provided written informed consent in accordance with the Declaration of 
Helsinki.

Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on reasona-
ble request and AMC approval. Methods were performed in accordance to the relevant guidelines and regulation.

Received: 22 January 2022; Accepted: 20 May 2022

References
	 1.	 Antinori, A. et al. Better response to chemotherapy and prolonged survival in AIDS-related lymphomas responding to highly 

active antiretroviral therapy. AIDS 15, 1483–1491. https://​doi.​org/​10.​1097/​00002​030-​20010​8170-​00005 (2001).
	 2.	 Besson, C. et al. Changes in AIDS-related lymphoma since the era of highly active antiretroviral therapy. Blood 98, 2339–2344. 

https://​doi.​org/​10.​1182/​blood.​v98.8.​2339 (2001).
	 3.	 Gerard, L. et al. Improved survival in HIV-related Hodgkin’s lymphoma since the introduction of highly active antiretroviral 

therapy. AIDS 17, 81–87. https://​doi.​org/​10.​1097/​00002​030-​20030​1030-​00011 (2003).
	 4.	 Hoffmann, C. et al. Response to highly active antiretroviral therapy strongly predicts outcome in patients with AIDS-related 

lymphoma. AIDS 17, 1521–1529. https://​doi.​org/​10.​1097/​00002​030-​20030​7040-​00013 (2003).
	 5.	 Biggar, R. J. AIDS-related cancers in the era of highly active antiretroviral therapy. Oncology (Williston Park) 15, 439–448 (2001) 

(discussion 448–439).

https://doi.org/10.1097/00002030-200108170-00005
https://doi.org/10.1182/blood.v98.8.2339
https://doi.org/10.1097/00002030-200301030-00011
https://doi.org/10.1097/00002030-200307040-00013


10

Vol:.(1234567890)

Scientific Reports |         (2022) 12:9185  | https://doi.org/10.1038/s41598-022-13101-8

www.nature.com/scientificreports/

	 6.	 Engels, E. A. et al. Trends in cancer risk among people with AIDS in the United States 1980–2002. AIDS 20, 1645–1654. https://​
doi.​org/​10.​1097/​01.​aids.​00002​38411.​75324.​59 (2006).

	 7.	 Hessol, N. A. et al. Cancer risk among participants in the women’s interagency HIV study. J. Acquir. Immune Defic. Syndr. 36, 
978–985. https://​doi.​org/​10.​1097/​00126​334-​20040​8010-​00013 (2004).

	 8.	 Seaberg, E. C. et al. Cancer incidence in the multicenter AIDS Cohort Study before and during the HAART era: 1984 to 2007. 
Cancer 116, 5507–5516. https://​doi.​org/​10.​1002/​cncr.​25530 (2010).

	 9.	 Bonnet, F. et al. Factors associated with the occurrence of AIDS-related non-Hodgkin lymphoma in the era of highly active 
antiretroviral therapy: Aquitaine Cohort, France. Clin. Infect. Dis. 42, 411–417. https://​doi.​org/​10.​1086/​499054 (2006).

	10.	 Bonnet, F. et al. Malignancy-related causes of death in human immunodeficiency virus-infected patients in the era of highly active 
antiretroviral therapy. Cancer 101, 317–324. https://​doi.​org/​10.​1002/​cncr.​20354 (2004).

	11.	 Maloney, D. G. et al. Phase I clinical trial using escalating single-dose infusion of chimeric anti-CD20 monoclonal antibody 
(IDEC-C2B8) in patients with recurrent B-cell lymphoma. Blood 84, 2457–2466 (1994).

	12.	 Barta, S. K., Lee, J. Y., Kaplan, L. D., Noy, A. & Sparano, J. A. Pooled analysis of AIDS malignancy consortium trials evaluating 
rituximab plus CHOP or infusional EPOCH chemotherapy in HIV-associated non-Hodgkin lymphoma. Cancer 118, 3977–3983. 
https://​doi.​org/​10.​1002/​cncr.​26723 (2012).

	13.	 Sparano, J. A. et al. Rituximab plus concurrent infusional EPOCH chemotherapy is highly effective in HIV-associated B-cell non-
Hodgkin lymphoma. Blood 115, 3008–3016. https://​doi.​org/​10.​1182/​blood-​2009-​08-​231613 (2010).

	14.	 Sparano, J. A. et al. Response-adapted therapy with infusional EPOCH chemotherapy plus rituximab in HIV-associated, B-cell 
non-Hodgkin’s lymphoma. Haematologica https://​doi.​org/​10.​3324/​haema​tol.​2019.​243386 (2020).

	15.	 Cingolani, A. et al. Survival and predictors of death in people with HIV-associated lymphoma compared to those with a diagnosis 
of lymphoma in general population. PLoS One 12, e0186549. https://​doi.​org/​10.​1371/​journ​al.​pone.​01865​49 (2017).

	16.	 Epeldegui, M. et al. Predictive value of cytokines and immune activation biomarkers in AIDS-related non-Hodgkin lymphoma 
treated with rituximab plus infusional EPOCH (AMC-034 trial). Clin. Cancer Res. 22, 328–336. https://​doi.​org/​10.​1158/​1078-​0432.​
CCR-​14-​0466 (2016).

	17.	 Martinez, L. E. et al. Immune activation and microbial translocation as prognostic biomarkers for AIDS-related non-Hodgkin 
lymphoma in the AMC-034 study. Clin. Cancer Res. 27, 4642–4651. https://​doi.​org/​10.​1158/​1078-​0432.​CCR-​20-​4167 (2021).

	18.	 Epeldegui, M. et al. Elevated numbers of PD-L1 expressing B cells are associated with the development of AIDS-NHL. Sci. Rep. 9, 
9371. https://​doi.​org/​10.​1038/​s41598-​019-​45479-3 (2019).

	19.	 Chen, D. S. & Mellman, I. Elements of cancer immunity and the cancer-immune set point. Nature 541, 321–330. https://​doi.​org/​
10.​1038/​natur​e21349 (2017).

	20.	 Patel, S. P. & Kurzrock, R. PD-L1 expression as a predictive biomarker in cancer immunotherapy. Mol. Cancer Ther. 14, 847–856. 
https://​doi.​org/​10.​1158/​1535-​7163.​MCT-​14-​0983 (2015).

	21.	 Reck, M. et al. Pembrolizumab versus chemotherapy for PD-L1-positive non-small-cell lung cancer. N. Engl. J. Med. 375, 1823–
1833. https://​doi.​org/​10.​1056/​NEJMo​a1606​774 (2016).

	22.	 Tumeh, P. C. et al. PD-1 blockade induces responses by inhibiting adaptive immune resistance. Nature 515, 568–571. https://​doi.​
org/​10.​1038/​natur​e13954 (2014).

	23.	 Pegtel, D. M. & Gould, S. J. Exosomes. Annu. Rev. Biochem. 88, 487–514. https://​doi.​org/​10.​1146/​annur​ev-​bioch​em-​013118-​111902 
(2019).

	24.	 Guo, Y. et al. Effects of exosomes on pre-metastatic niche formation in tumors. Mol. Cancer 18, 39. https://​doi.​org/​10.​1186/​s12943-​
019-​0995-1 (2019).

	25.	 Daassi, D., Mahoney, K. M. & Freeman, G. J. The importance of exosomal PDL1 in tumour immune evasion. Nat. Rev. Immunol. 
20, 209–215. https://​doi.​org/​10.​1038/​s41577-​019-​0264-y (2020).

	26.	 Xie, F., Xu, M., Lu, J., Mao, L. & Wang, S. The role of exosomal PD-L1 in tumor progression and immunotherapy. Mol. Cancer 18, 
146. https://​doi.​org/​10.​1186/​s12943-​019-​1074-3 (2019).

	27.	 Chen, S. W. et al. Expression of PD-1/PD-L1 in head and neck squamous cell carcinoma and its clinical significance. Int. J. Biol. 
Mark. 34, 398–405. https://​doi.​org/​10.​1177/​17246​00819​884722 (2019).

	28.	 Ricklefs, F. L. et al. Immune evasion mediated by PD-L1 on glioblastoma-derived extracellular vesicles. Sci. Adv. 4, eaar2766. 
https://​doi.​org/​10.​1126/​sciadv.​aar27​66 (2018).

	29.	 Theodoraki, M. N., Yerneni, S. S., Hoffmann, T. K., Gooding, W. E. & Whiteside, T. L. Clinical significance of PD-L1(+) exosomes 
in plasma of head and neck cancer patients. Clin. Cancer Res. 24, 896–905. https://​doi.​org/​10.​1158/​1078-​0432.​CCR-​17-​2664 (2018).

	30.	 Yang, Y. et al. Exosomal PD-L1 harbors active defense function to suppress T cell killing of breast cancer cells and promote tumor 
growth. Cell Res. 28, 862–864. https://​doi.​org/​10.​1038/​s41422-​018-​0060-4 (2018).

	31.	 Poggio, M. et al. Suppression of exosomal PD-L1 induces systemic anti-tumor immunity and memory. Cell 177, 414-427 e413. 
https://​doi.​org/​10.​1016/j.​cell.​2019.​02.​016 (2019).

	32.	 Chen, G. et al. Exosomal PD-L1 contributes to immunosuppression and is associated with anti-PD-1 response. Nature 560, 
382–386. https://​doi.​org/​10.​1038/​s41586-​018-​0392-8 (2018).

	33.	 Cordonnier, M. et al. Tracking the evolution of circulating exosomal-PD-L1 to monitor melanoma patients. J. Extracell. Vesicles 
9, 1710899. https://​doi.​org/​10.​1080/​20013​078.​2019.​17108​99 (2020).

	34.	 Li, C. et al. Clinical significance of PD-L1 expression in serum-derived exosomes in NSCLC patients. J. Transl. Med. 17, 355. https://​
doi.​org/​10.​1186/​s12967-​019-​2101-2 (2019).

	35.	 Tai, Y. L., Chen, K. C., Hsieh, J. T. & Shen, T. L. Exosomes in cancer development and clinical applications. Cancer Sci. 109, 
2364–2374. https://​doi.​org/​10.​1111/​cas.​13697 (2018).

	36.	 Hofmeyer, K. A., Ray, A. & Zang, X. The contrasting role of B7–H3. Proc. Natl. Acad. Sci. U. S. A. 105, 10277–10278. https://​doi.​
org/​10.​1073/​pnas.​08054​58105 (2008).

	37.	 Zhou, W. T. & Jin, W. L. B7–H3/CD276: An emerging cancer immunotherapy. Front. Immunol. 12, 701006. https://​doi.​org/​10.​
3389/​fimmu.​2021.​701006 (2021).

	38.	 Yang, S., Wang, J., Brand, D. D. & Zheng, S. G. Role of TNF-TNF receptor 2 signal in regulatory T cells and its therapeutic implica-
tions. Front. Immunol. 9, 784. https://​doi.​org/​10.​3389/​fimmu.​2018.​00784 (2018).

	39.	 Ticha, O. et al. TNFR2 expression is a hallmark of human memory B cells with suppressive function. Eur. J. Immunol. 51, 1195–
1205. https://​doi.​org/​10.​1002/​eji.​20204​8988 (2021).

	40.	 Koncz, G. et al. Vesicles released by activated T cells induce both Fas-mediated RIP-dependent apoptotic and Fas-independent 
nonapoptotic cell deaths. J. Immunol. 189, 2815–2823. https://​doi.​org/​10.​4049/​jimmu​nol.​11028​27 (2012).

	41.	 Wang, J., Zeng, H., Zhang, H. & Han, Y. The role of exosomal PD-L1 in tumor immunotherapy. Transl. Oncol. 14, 101047. https://​
doi.​org/​10.​1016/j.​tranon.​2021.​101047 (2021).

	42.	 Columba Cabezas, S. & Federico, M. Sequences within RNA coding for HIV-1 Gag p17 are efficiently targeted to exosomes. Cell 
Microbiol. 15, 412–429. https://​doi.​org/​10.​1111/​cmi.​12046 (2013).

	43.	 Fang, Y. et al. Higher-order oligomerization targets plasma membrane proteins and HIV gag to exosomes. PLoS Biol. 5, e158. 
https://​doi.​org/​10.​1371/​journ​al.​pbio.​00501​58 (2007).

	44.	 Lenassi, M. et al. HIV Nef is secreted in exosomes and triggers apoptosis in bystander CD4+ T cells. Traffic 11, 110–122. https://​
doi.​org/​10.​1111/j.​1600-​0854.​2009.​01006.x (2010).

https://doi.org/10.1097/01.aids.0000238411.75324.59
https://doi.org/10.1097/01.aids.0000238411.75324.59
https://doi.org/10.1097/00126334-200408010-00013
https://doi.org/10.1002/cncr.25530
https://doi.org/10.1086/499054
https://doi.org/10.1002/cncr.20354
https://doi.org/10.1002/cncr.26723
https://doi.org/10.1182/blood-2009-08-231613
https://doi.org/10.3324/haematol.2019.243386
https://doi.org/10.1371/journal.pone.0186549
https://doi.org/10.1158/1078-0432.CCR-14-0466
https://doi.org/10.1158/1078-0432.CCR-14-0466
https://doi.org/10.1158/1078-0432.CCR-20-4167
https://doi.org/10.1038/s41598-019-45479-3
https://doi.org/10.1038/nature21349
https://doi.org/10.1038/nature21349
https://doi.org/10.1158/1535-7163.MCT-14-0983
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1038/nature13954
https://doi.org/10.1038/nature13954
https://doi.org/10.1146/annurev-biochem-013118-111902
https://doi.org/10.1186/s12943-019-0995-1
https://doi.org/10.1186/s12943-019-0995-1
https://doi.org/10.1038/s41577-019-0264-y
https://doi.org/10.1186/s12943-019-1074-3
https://doi.org/10.1177/1724600819884722
https://doi.org/10.1126/sciadv.aar2766
https://doi.org/10.1158/1078-0432.CCR-17-2664
https://doi.org/10.1038/s41422-018-0060-4
https://doi.org/10.1016/j.cell.2019.02.016
https://doi.org/10.1038/s41586-018-0392-8
https://doi.org/10.1080/20013078.2019.1710899
https://doi.org/10.1186/s12967-019-2101-2
https://doi.org/10.1186/s12967-019-2101-2
https://doi.org/10.1111/cas.13697
https://doi.org/10.1073/pnas.0805458105
https://doi.org/10.1073/pnas.0805458105
https://doi.org/10.3389/fimmu.2021.701006
https://doi.org/10.3389/fimmu.2021.701006
https://doi.org/10.3389/fimmu.2018.00784
https://doi.org/10.1002/eji.202048988
https://doi.org/10.4049/jimmunol.1102827
https://doi.org/10.1016/j.tranon.2021.101047
https://doi.org/10.1016/j.tranon.2021.101047
https://doi.org/10.1111/cmi.12046
https://doi.org/10.1371/journal.pbio.0050158
https://doi.org/10.1111/j.1600-0854.2009.01006.x
https://doi.org/10.1111/j.1600-0854.2009.01006.x


11

Vol.:(0123456789)

Scientific Reports |         (2022) 12:9185  | https://doi.org/10.1038/s41598-022-13101-8

www.nature.com/scientificreports/

	45.	 Muratori, C. et al. Massive secretion by T cells is caused by HIV Nef in infected cells and by Nef transfer to bystander cells. Cell 
Host Microbe 6, 218–230. https://​doi.​org/​10.​1016/j.​chom.​2009.​06.​009 (2009).

	46.	 Narayanan, A. et al. Exosomes derived from HIV-1-infected cells contain trans-activation response element RNA. J. Biol. Chem. 
288, 20014–20033. https://​doi.​org/​10.​1074/​jbc.​M112.​438895 (2013).

Acknowledgements
This study received financial support from the following sources: an AIDS Malignancy Consortium (AMC) Lab 
Translational Fellowship (UM1-CA121947), NIH research grants (R21-CA220475 and R01-CA228157), a supple-
ment to the UCLA Cancer Center Support Grant (P30-CA016042) and an R01 Research Supplement to Promote 
Diversity in Health-Related Research to Dr. Martínez from the NIH National Cancer Institute (R01-CA228157S). 
Research was performed at the UCLA AIDS Institute, which is supported by NIH award P30-AI028697 and by 
the David Geffen School of Medicine at UCLA and the UCLA Vice Chancellor’s Office of Research. Additionally, 
this work was supported by UCLA AIDS Institue, the James B. Pendleton Charitable Trust and the McCarthy 
Family Foundation.

Author contributions
O.M.M. and M.E. conceived and designed the study. L.E.M., L.I.M., J.A.S., and M.E. contributed to specimen 
acquisition and to the acquisition of data. L.E.M., L.I.M., S.L., D.C., and M.E. contributed to data processing and 
curation, and to statistical analysis. L.E.M., S.L., D.C., R.M., R.F.A., J.A.S., O.M.M. and M.E. contributed to the 
interpretation of the findings and to writing the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​13101-8.

Correspondence and requests for materials should be addressed to M.E.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

https://doi.org/10.1016/j.chom.2009.06.009
https://doi.org/10.1074/jbc.M112.438895
https://doi.org/10.1038/s41598-022-13101-8
https://doi.org/10.1038/s41598-022-13101-8
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Plasma extracellular vesicles bearing PD-L1, CD40, CD40L or TNF-RII are significantly reduced after treatment of AIDS-NHL
	Results
	Characterization of plasma-derived EVs from AIDS-NHL patients. 
	AIDS-NHL patients showed decreased plasma levels of EVs bearing molecules associated with immune activation following cancer treatment. 
	Plasma-derived EVs expressing PD-L1 were significantly lower in AIDS-NHL patients with the DLBCL tumor subtype. 
	Plasma-derived EVs bearing different immune markers correlated with biomarkers known to be significantly associated with AIDS-NHL risk and prognosis. 
	Characterizing associations among plasma-derived EVs expressing the different immune cell surface molecules. 

	Discussion
	Methods
	AIDS Malignancies Consortium (AMC) 034 study population. 
	Extracellular vesicle isolation from plasma of AMC-034 trial subjects. 
	Extracellular vesicle protein quantification and western blot analysis. 
	Quantification of plasma-derived EVs expressing PD-L1 and other immunoregulatory molecules by Luminex multiplex immunometric assay. 
	Statistical analysis. 
	Informed consent and regulatory approval. 

	References
	Acknowledgements




