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Abstract 

Extracellular vesicles (EVs) secreted by glioblastoma multiforme and other types of cancer cells are 
key factors contributing to the aggressiveness of the disease and its resistance to therapy. Chloroquine 
(CHQ), a lysosomal inhibitor, has shown potential as an enhancer of temozolomide (TMZ) 
cytotoxicity against glioblastoma cells. Since both CHQ and TMZ are known to modulate EV 
secretion, we sought to investigate their potential interplay in this process. Simultaneous treatment 
of TMZ-sensitive (U87-MG) and TMZ-resistant (U138-MG) glioblastoma cells with TMZ and CHQ 
led to a synergistic upregulation of EV secretion. Although CHQ did not enhance the TMZ 
cytotoxicity in U87-MG cells, it synergized with the latter to upregulate the release of extracellular 
nucleic acids implicating activation of unconventional secretory pathways. Synergistic upregulation 
of the autophagy markers LC3B-II and p62 by CHQ and TMZ in both cells and EVs indicates secretory 
autophagy is likely involved in the observed unconventional secretion. Moreover, a significant 
enrichment of caveolin-1 in small EVs highlights their potential role in modulating tumor 
aggressiveness. The synergy in EV upregulation was not confined to the specific biological activity 
of TMZ and CHQ; similar effects were observed upon co-treatments with CHQ and etoposide (a 
topoisomerase inhibitor) and TMZ and Bafilomycin A1 (another lysosomal inhibitor). Heightened 
EV release was also observed in THP-1 monocytes and macrophages treated with Bafilomycin and 
TMZ, highlighting a broader, cell type-independent mechanism. These findings indicate that 
combined DNA damage and lysosomal inhibition synergistically stimulate secretory autophagy and 
EV release, potentially impacting the tumor microenvironment and driving disease progression. 

Keywords: extracellular vesicles; exosomes; autophagy; temozolomide; chloroquine; DNA damage 
response 
 

1. Introduction 

Glioblastoma multiforme (GBM), is the most common and aggressive type of brain cancer [1]. 
Currently, the therapy of GBM includes surgical resection, radiotherapy, and chemotherapy with 
temozolomide (TMZ), a DNA alkylating agent [2], which does not prevent the inevitable recurrence 
of the tumor at or around the primary site. GBM tumors are characterized by a highly heterogeneous 
microenvironment containing both cancerous and different types of non-cancerous cells [3]. The 
intra-tumoral GBM cells are engaged in complex interactions that delineate the aggressiveness of the 
disease, and in which extracellular vesicles (EVs) are essential factors [4].  
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EVs are membrane-bound particles that do not possess a functional nucleus [5]. They are found 
in bodily fluids and in conditioned cell culture medium, and are vastly heterogeneous, due to their 
differing intracellular origins and mechanisms of biogenesis, which reflect on the diversity of their 
size, composition and functional properties [6]. EVs function as intercellular vehicles for bioactive 
molecules including lipids, proteins and nucleic acids, allowing effective communication between 
different types of cells [7]. EVs are abundantly produced by cancer cells and are implicated in the 
etiology and development of malignancy by promoting angiogenesis, invasion, evasion of apoptosis 
and resistance to chemotherapy, including TMZ [8,9].  

Autophagy is a catabolic process whose canonical function is degradation of intracellular 
components including, in the case of macroautophagy, whole organelles. It is induced upon stress 
and starvation, and its main purpose is to supply cells with nutrients, while eliminating potentially 
cytotoxic intracellular waste such as dysfunctional organelles, protein aggregates and damaged DNA 
[10]. Autophagy-related processes have also been found to be involved in unconventional secretory 
pathways, including biogenesis and secretion of EVs [11,12]. 

Studies have implicated autophagy in the etiology of GBM and the development of resistance to 
treatment [13]. Reportedly, chloroquine (CHQ), an inhibitor of late-stage autophagy and an inducer 
of EV secretion [12], enhances TMZ cytotoxicity in malignant gliomas through autophagy-dependent 
[14] and -independent mechanisms [15,16].  

In clinical trials, CHQ has shown potential benefit as an adjuvant for therapy-refractory cancers 
including GBM [17,18]. TMZ is also known to modulate EV release [19,20]; however, to our 
knowledge, at the time of writing, there are no reports on the possible interaction between TMZ and 
autophagy inhibitors regarding regulation of EV secretion. 

In the current study, we have used in vitro GBM models (U87-MG and U138-MG cells) to 
demonstrate that TMZ synergizes with lysosomal/late stage autophagy inhibitors (CHQ and 
Bafilomycin A1) to induce secretion of EVs and extracellular nucleic acids.  

2. Results 

2.1. CHQ Significantly Enhances the Cytotoxic Effect of TMZ on TMZ-Resistant (U138-MG) but Not 
TMZ-Sensitive Glioma Cells (U87-MG). 

As apoptotic bodies may contribute significantly to the pool of EVs, an important aspect in 
analyzing the rates of active EV secretion is to investigate the rates of apoptosis under the specific 
experimental conditions. In this study, we used two GBM cell lines to test the potential interplay 
between TMZ and CHQ in EV secretion. U87-MG cells are known to be TMZ-sensitive as they do not 
express the O6-Methylguanine-DNA Methyltransferase (MGMT). In contrast, U138-MG cells do 
express this enzyme and have been demonstrated to be more resistant to TMZ as compared to cells 
that do not express MGMT [21]. Typically, in in vitro studies of EVs, serum-free medium or medium 
with low (2-5%) concentrations of EV-depleted FBS are used to avoid contamination of samples with 
serum EVs, and to reduce the amounts of albumin and other lipid-binding proteins which associate 
with EVs. In the current study, we compared the effect of CHQ on the cytotoxicity of TMZ in U87 
and U138 cultures after 48 h of incubation in medium with 5% EV-depleted FBS. In agreement with 
previous reports [21], the PI/Annexin V-FITC staining demonstrated that the U87 cells were more 
sensitive to TMZ as compared to the U138 cells (Figure 1 A, B). The addition of CHQ significantly 
increased the percentage of TMZ-induced PI-positive late apoptotic/necrotic cells in U138, but not in 
U87 cultures. Concurrently, combined treatment with TMZ+CHQ significantly decreased the 
percentage of live U138 cells, when compared to treatment with TMZ alone, which was not observed 
in U87 cultures. 
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Figure 1. CHQ significantly enhances the cytotoxic effect of TMZ on TMZ-resistant (U138-MG) but not TMZ-
sensitive glioma cells (U87-MG). Cells were cultured in medium with 5% exosome-depleted FBS, and were 
treated with vehicle (0.2% DMSO), 400 µM TMZ, 10 µM CHQ or both, as indicated for 48 h. The cells were 
stained with Annexin V-FITC and Propidium Iodide (PI), and were analyzed with flow cytometry. (A) A 
representative dot plot illustrating the gating of live, early apoptotic and late apoptotic/secondary necrotic cells. 
(B) The histograms show the average percentages of U87-MG and U138-MG cells within the indicated gates; n=3; 
error bars – standard deviation. Data were analyzed with two-way ANNOVA and Tukey’s post-hoc test. The 
means of treatments annotated with the same letter are not statistically significant, p<0.05. 

2.2. TMZ and CHQ Synergistically Induce Secretion EVs Containing Autophagy Markers and Caveolin-1 in 
Cultures of U87 MG Cells. 

Protein samples of large EVs (LEVs) and small EVs (SEVs) from DMSO-treated controls, and 
cells treated with 400 µM TMZ and 10 µM CHQ alone and in combination, were compared using 
WB. The autophagy markers (LC3B-II and p62) and the exosome markers (alix and syntenin-1) were 
synergistically upregulated by the combination of TMZ+CHQ in LEVs and SEVs, respectively (Figure 
2A, B). CD63, another widely used marker for EVs was detectable in all samples, including the 
DMSO-treated controls; however, it also showed significant upregulation in both LEVs and SEVs 
upon treatment with TMZ+CHQ. Since CD63 is heavily glycosylated and typically forms smears on 
WB, for improved accuracy, it was quantified with dot blots. Similar to CD63, caveolin-1 was 
detectable in all of the LEV samples, including the controls. However, in contrast to CD63, it was not 
present in SEVs from control samples and, like the exosome markers, it was synergistically 
upregulated by TMZ and CHQ in SEVs. The mitochondrial marker - cytochrome C1 (CYC1) which 
is not expected to be present in sufficiently purified EVs was not detected in any of the samples, 
indicating adequate purity of the EVs obtained in the current study. The hydrodynamic size range of 
the EVs was determined with dynamic light scattering (DLC) (Figure 2C).  Only samples from cells 
treated with both TMZ and CHQ yielded reliable measurements, most likely due to the very low 
number of EVs in the other samples. The size of the TMZ+CHQ EVs ranged between 50-150 nm for 
SEVs and 150-500 nm for LEVs which is typical for exosomes and microvesicles, respectively.  

In whole cell lysates (WCL), TMZ alone did not induce significant accumulation of p62 or the 
lipidated, membrane-bound LC3B-II, however these autophagy markers were significantly 
upregulated in the TMZ+CHQ samples as compared to individual treatments and vehicle controls. 
(Figure 2D). 
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Figure 2. TMZ and CHQ synergistically induce secretion of EVs containing autophagy markers in cultures of 
U87 MG cells. (A) Samples of large (LEVs) and small (SEVs). EVs from cells treated as indicated for 48 hours 
were analyzed with WB, using the indicated antibodies. EVs isolated from equal volumes on conditioned 
medium were compared in parallel with 10 µg of protein from whole cell lysates (WCL).  (B) WB densitometry 
- as some of the markers are undetectable in control samples, the densitometry values are presented relative to 
the highest intensities - the TMZ+CHQ samples. (C) DLS analysis of EVs from the TMZ+CHQ-treated U87 cells. 
(D) WB analysis of LC3B and p62 in WCL of U87 cells treated as in panel A. The histograms to the right show 
the WB densitometry data. The LC3B-II levels are presented relative to LC3B-I; p62 is normalized to actin and 
presented relative to its amount in the  DMSO controls. For all histograms in the figure, n=3, error bars – 
standard deviation; p<0.05. 

The U138-MG cells treated with TMZ and CHQ responded similarly to U87 cells - by robust 
synergistic upregulation of LC3B-II and p62 in LEVs and caveolin in SEVs (Figure 3A, B). Compared 
to LEVs, the levels of p62 were much lower in SEVs, but it was also synergistically upregulated in the 
latter. Although, as mentioned above, in U138 cultures the TMZ+CHQ treatment had a significantly 
higher cytotoxic effect, as compared to TMZ alone, CYC-1 was not detectable in any of the EV 
samples. This indicates that the observed effect is due to active secretory mechanisms, rather than 
passive release of material from dying cells. As in U87, LC3B-II and p62 were significantly 
upregulated in WCLs of U138 cells following treatment with TMZ+CHQ compared to controls, as 
well as individual treatments. (Figure 3C, D). 
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Figure 3. TMZ and CHQ synergistically induce secretion of EVs containing autophagy  markers and caveolin-
1 in U138  cell cultures. Panels A and B – representative WB images and densitometry data, respectively, of EV 
samples.  Panels C and D – WB images and densitometry data, respectively, of WCL from U138 cells. The 
samples were obtained and processed as described in Figure 2 for U87-MG cells; n=3, error bars – standard 
deviation; p<0.05. 

2.3. CHQ Induces Accumulation of LC3B in the Lumen of CD63-Positive Amphisomes/Autolysosomes; 
LC3B and Caveolin-1 Colocalize Within the CHQ-Induced LC3B Aggregates. 

Inside cells, caveolin-1 is mostly associated with caveolae - membrane invaginations, whose size 
is similar to that of exosomes (50-100 nm). Although this protein is known to be secreted by cancer 
cells in large, plasma membrane-derived oncosomes with a prognostic value for metastatic cancer 
[22], caveolae are not known to be directly released from the plasma membrane. This raises a question 
about the source of caveolin-1 in the TMZ+CHQ-induced SEVs. Here we demonstrate that CHQ 
treatment effectively leads to accumulation of large LC3B aggregates in CD63-positive intracellular 
vacuoles, indicating that these are autolysosomes and/or amphisomes (Figure 4A). The lysosome 
inhibitor also induced colocalization between LC3B and caveolin-1 within these relatively large 
intracellular vesicels (Figure 4B), which might represent the source of the TMZ+CHQ-induced EVs, 
including the caveolin-1-laden SEVs.  
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Figure 4. CHQ induces accumulation of LC3B in the lumen of CD63-positive amphisomes/autolysosomes; LC3B 
and caveolin-1 colocalize within the CHQ-induced LC3B aggregates. (A) Controls, and cells treated with 10 µM 
CHQ, were fixed 48 h post treatment. CD63 was stained with mouse anti-CD63 and secondary Alexa Fluor 488 
antibodies (cyan); LC3B was labelled with rabbit anti-LC3B and secondary Alexa Fluor-555 antibodies 
(magenta); nuclei were stained with DAPI (blue in the composite image). The images were obtained with a Leica 
Stellaris 8 confocal system. The positions of the zoom areas are indicated with dashed rectangles in the composite 
images. Arrows indicate the positions and the directions of the intensity profile lines plotted to the right of the 
images. The yellow arrows above the CD63 intensity profiles indicate the limiting membranes of the CD63-
positive vesicles. (B) U87 cell were treated and analyzed as in panel A using rabbit anti-caveolin-1 and mouse 
anti-LC3B antibodies. The yellow arrows above the caveolin-1 intensity profiles indicate the plasma membrane. 

2.4. CHQ and Etoposide Synergistically Upregulate LC3B-II and p62 in LEVs 

In order to find out whether CHQ may synergize with other genotoxic agents to upregulate EV 
secretion by glioma cells, we performed experiments with etoposide - a chemotherapeutic agent 
which induces DNA damage through topoisomerase II inhibition [23]. The results shown in Figure 5 
A and B demonstrate that similar to TMZ, etoposide significantly enhances the CHQ-induced 
secretion of the autophagy markers by U87 cells.   
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Figure 5. CHQ and etoposide synergistically  upregulate LC3B-II and p62 in LEVs. A, WB analysis of EV 
samples from U87 cells treated as indicated for 48 h. B, Densitometry analysis of the immunoblots; n=3, error 
bars – standard deviation; p<0.05. 

2.5. CHQ Enhances the TMZ-Induced DDR as Indicated by γH2AX Upregulation but It Does Not Affect 
the Accumulation of Damaged DNA or the TMZ-Induced G2/M Cell Cycle Arrest of U87 Cells. 

CHQ is known to induce DNA damage and G0/1 cell cycle arrest in certain cell lines [24]. In the 
current study, we did not observe any significant upregulation γH2AX by CHQ alone in U87 cells, 
probably due to its relatively low concentration. In fact, CHQ alone led to a slight but consistent, 
although not statistically significant, downregulation of γH2AX, which contrasted with the 
synergistic upregulation following TMZ+CHQ treatment observed with both WB (Figure 6A, B) and 
immunocytochemistry (Figure 6C, D).   

The direct effect of CHQ and TMZ on DNA integrity was investigated with an alkaline comet 
assay which detects both single- and double-strand DNA breaks (Figure 6E). The results demonstrate 
that TMZ treatment induces DNA damage, as indicated by the significantly increased amount of 
DNA in comet tails. CHQ, alone or in combination with TMZ, did not increase the extent of DNA 
damage, nor did it significantly influence the TMZ-induced G2/M cell cycle arrest. (Figure 6F). 
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Figure 6. CHQ enhances the TMZ-induced DDR as indicated by γH2Ax upregulation but it does not significantly 
affect the accumulation of damaged DNA in the cells and the G2/M cell cycle arrest of U87 cells. (A) The γH2Ax 
accumulation was analyzed with WB in cells treated as indicated; actin was used as a loading control. (B) WB 
densitometry of the γH2Ax signal, normalized against actin, n=3, error bars – standard deviation. (C) Confocal 
imaging of U87 cells, treated as indicated, and immunostained with antibodies against LC3B and γH2AX (rabbit 
and mouse, respectively). The samples were stained with secondary anti-rabbit AF-555 and anti-mouse AF-488-
conjugated antibodies (purple and yellow pseudo-colors, respectively); DNA was stained with DAPI (cyan). (D) 
Quantification of the γH2Ax fluorescence intensity values in cell nuclei; the histogram shows the average γH2Ax  
fluorescence intensity per nucleus; n=10; error bars – standard deviation. (E) U87 cells were analyzed with a 
comet assay, and the percentage of DNA in comet tails was calculated with the CaspLab software. The bars in 
the scatter plot below the representative images show the median values; the error bars indicate the quartile 
range, n=150. (F) Cell cycle distribution of cells, treated as indicated in the histograms, was analyzed with 
DRAQ5 staining and flow cytometry. (G) The bar graph shows the ratio of cells in G2/M vs. G0/1 measured as 
indicated in panel F, n=3, error bars, standard deviation. 

2.6. CHQ and TMZ Synergistically Induce Secretion of Cell-Free Nucleic Acids in U87 Cultures. 

The concentration of cell-free DNA was directly measured in conditioned supernatants of cells 
grown in FluoroBrite™ DMEM using a Qubit™ 1X dsDNA High Sensitivity (HS) assay kit (Figure 
7A). As compared to DMSO controls or individual treatments, significant upregulation of cell-free 
dsDNA was observed in samples treated with TMZ+CHQ. 

To examine the size distribution of nucleic acids (NAs) in conditioned medium, extracellular 
NAs were isolated from SNs (precleared with 500 and 1500 g centrifugations) with 
phenol/chloroform/isoamyl alcohol extraction, without DNase or RNAse treatment. Total 
extracellular/cell-free NA samples, isolated from equal volumes of conditioned SN from cells treated 
for 48 h, were run on an ethidium bromide-stained agarose gel (Figure 7B). The samples contained 
NA molecules, ranging in size from ~200 to ~20 000 bp, as referred to the DNA ladder. Treatment of 
the NA samples with nucleases prior to analyzing them on an agarose gel, showed that while the 
smear > 500 bp was by and large, composed of DNA, most of the molecules <500 bp were sensitive 
to RNase A (Figure 7C). The A260 absorbance of the samples analyzed on the agarose gel, showed 
substantial increase in the TMZ+CHQ sample, as compared to the control and the single treatments. 
Note that due to the differing extinction coefficients of dsDNA, RNA and ssDNA, accurate and 
absolute quantification of mixed NA samples cannot be done using spectrometry.  

As previously reported, the active secretion of cell-free DNA may be either EV-dependent, or 
amphisome dependent/exosome-independent [11]. To investigate the association of TMZ+CHQ-
induced cell-free NA with EVs and particles (EVPs), we analyzed PI-stained EV samples with flow 
cytometry. Since flow cytometry of small EVs, such as exosomes, is hampered by background noise 
and swarming effects, we included only samples of large EVs in the analysis. Propidium Iodide (100 
ng/ml) was added to LEV samples resuspended in PBS, and PI+ EVPs were quantified, using low 
flow rate and fixed time (50 sec.). The results show that TMZ alone causes a significant increase in 
the number of PI+EVPs (Figure 7D), which is further significantly enhanced by the addition of CHQ. 
(Figure 7E) Treatment of the EVPs with 1% Triton X100 lowered the number of PI+ EVPs in all of the 
treatments by approximately 50%, indicating that the samples contain both EVs and Triton-resistant 
particles associated with NA. 
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Figure 7. CHQ and TMZ synergistically induce secretion of cell-free nucleic acids in U87 cultures. (A) Cell-
free DNA was directly measured in conditioned supernatants of cells grown in FluoroBrite™ DMEM using a 
Qubit™ 1X dsDNA High Sensitivity (HS) assay kit. (B) Cell-free NA were extracted from conditioned medium 
using phenol:chloroform:isoamyl alcohol, and were visualized on an EtBr-stained agarose gel. The histogram to 
the right of the gel image shows the A260 absorbance values as an indicator for the total NA amount relative to 
DMSO control.  (C) Cell-free NA from control and TMZ+CHQ cells were treated with DNase I or RNase A, as 
indicated, prior to gel electrophoresis, demonstrating the presence of both DNA and RNA molecules in the 
TMZ+CHQ-treated samples. (D) Detection of cell-free nucleic acids associated with large EVs and particles 
(EVPs) through flow cytometry. EVPs, isolated with 10 000 g centrifugation, were stained with PI and were 
analyzed with a FACS Calibur instrument using low flow rate and a fixed time. Samples from unconditioned 
medium were processed in parallel with the EVPs as a control for presence of contaminating particles in the cell 
culture medium and the PBS. The representative overlay histograms show the non stained control (filled grey 
contour), stained EVP samples – open black contour and the PBS control – red contour. (E) The bar graph shows 
the average PI+  events/second, gated as shown in panel D. The open red contour bars indicate the number of 
triton-resistant PI+ particles, following treatment of the samples with 1% Triton X100. n=3; error bars – standard 
deviation. 

2.7. Response of THP-1 Monocytes to TMZ and Autophagy Inhibitors; TMZ Synergizes with BafA1, but 
Not with CHQ, to Induce EV Secretion. 

Next, we wanted to find out whether the synergistic induction of EVs by CHQ and TMZ may be 
observed with other cell types. Monocytes are abundant in GBM tumors, comprising up to 30-50% of 
the tumor cells [25], and they are hypersensitive to the cytotoxic effect of TMZ [26], which bears 
implications for GBM therapy. In the current study, we used cultures of THP-1 monocytes to 
investigate their response to TMZ and CHQ. Under conditions identical to those used with GBM 
cells, there was no detectable upregulation of LC3B-II, p62 or the exosomal marker syntenin-1 in EV 
samples from THP-1 cells, treated with TMZ and CHQ (Figure 8A, B). Therefore, in these 
experiments, we included Bafilomycin A1 (BafA1), which like CHQ, is often used to inhibit lysosomal 
function and consequently - degradative autophagy. Treatment of the THP-1 cells with 50 nM BafA1 
alone, induced secretion of the tested markers, which was further significantly enhanced by TMZ 
(Figure 8A, B). The DLS analysis confirmed, that the TMZ+BafA1 treatment had induced secretion of 
vesicles with typical size distribution profiles for exosomes and LEVs, with modes of 126 and 239 nm, 
respectively (Figure 8C). In WCLs of THP-1 cells, both CHQ and BafA1 induced accumulation of 
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LC3B-II; however, only BafA1 upregulated p62 (Figure 8D). Unlike in GBM cells, TMZ, whether alone 
or in combination with the lysosomal inhibitors, did not affect LC3B-II and p62 levels in monocytes.  

The results from the cell viability assay confirmed, that compared to GBM cells, the THP-1 
monocytes were more sensitive to the TMZ treatment, with ~ 40% PI-positive cells following 48 h 
treatment with 400 µM TMZ (Figure 8E). While CHQ treatment did not affect THP-1 viability, neither 
alone, nor in combination with TMZ, BafA1 was cytotoxic by itself, and significantly more so in 
combination with TMZ. 

Experiments with higher CHQ concentrations in THP-1 monocytes (Supplementary Figure 1A) 
and PMA-induced THP1 macrophages (Supplementary Figure 2), showed that 50 and 100 µM CHQ 
induce LC3B-II, p62 and syntenin-1 release. However, the LEV samples contained a high amount of 
CYC1 - an indicator for contamination of the EV samples with cell debris, which reflects the 
significant cytotoxic activity of high doses of CHQ (Supplementary Figure 1B). Unlike, BafA1, neither 
10 nor 50 µM CHQ could inhibit the proteolysis of endocytosed DQ-OVA substrate (Supplementary 
Figure 1C) - an indication of retained lysosomal activity in THP-1 cells. 

 

Figure 8. In THP-1 monocytes, Bafilomycin A1 but not CHQ synergizes with TMZ to induce secretion of EVs. 
(A) EVs from THP-1 cells, treated as indicated, were analyzed with WB using the indicated marker antibodies. 
(B) Densitometry of the markers detected in the EV samples. (C) DLS analysis of EVs from THP-1 cells, treated 
with TMZ+BafA1. The samples show typical size distribution profiles for SEVs and LEVs, with modes of 126 
and 239 nm, respectively. (D) Representative WB images showing LC3B and p62 in WCL of THP-1 cells, treated 
as in panel A. (E) Cytotoxicity assay using PI staining and flow cytometry. The bar graph shows the percent of 
dead (PI-positive) cells. For all histograms in the figure, n=3, error bars – standard deviation; p<0.05. 

2.8. TMZ Enhances the Bafilomycin A1 (BafA1)-Induced EV Secretion by U87 Cells. 

Treatment of U87 with 50 nM BafA1 induced secretion of LEVs, containing LC3B-II, p62, CD63 
and caveolin-1, which was significantly amplified by TMZ. (Figure 9A,B) As in THP-1, BafA1 had a 
significant cytotoxic effect on glioma cells, and with the addition of TMZ, the PI-positive cells 
exceeded 50%. However, while exhibiting cytotoxicity comparable to that of BafA1 (Figure 9C), 
Brefeldin A did not detectably increase EV secretion in U87 (Figure 9A) or U138 (Supplementary 
Figure 3) cell cultures.  
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Figure 9. TMZ enhances the BafA1-induced secretion of LC3B-II, p62, CD63 and caveolin-1 in LEVs from U87 
cells. (A) WB analysis of LEVs and WCLs from cells, treated with 50 nM BafA1, 400 µM TMZ and 3 µg/ml of 
Brefeldin A, as indicated. (B) WB densitometry analysis showing the relative intensity of the detected signals in 
LEVs. (C) Cytotoxicity of the treatments measured with PI staining and flow cytometry. The bar graph shows 
the percent of dead (PI-positive) cells, n=3, error bars – standard deviation. 

3. Discussion 

This study highlights the capacity of CHQ and TMZ to synergistically activate unconventional 
secretory pathways, as demonstrated by the enhanced secretion of EVs, as well as cell free DNA and 
RNA in glioma cell cultures. The additional experiments with etoposide and Bafilomycin A1 suggest 
that the synergy in EV upregulation is not confined to the specific biological activity of CHQ and 
TMZ, and is rather very likely, driven by DNA damage in the context of lysosomal/late-stage 
autophagy inhibition.  

It has been reported, that autophagy is implicated the in secretion of EVPs [27–29]. It has also 
been proposed, that impaired autophagosome maturation leads to Rab27a-dependent secretion of 
autophagosome-derived material, along with classical, multivesicular body-derived exosomes [12]. 
Unlike the results presented here, in the aforementioned report, there was a significant upregulation 
of EV secretion by CHQ. This could probably be explained by the use of a higher CHQ concentration 
(25 µM), as compared to the 10uM CHQ used in our study. Above a certain concentration (>10 µg/ml), 
CHQ may induce apoptosis in glioma cell cultures [30]. High levels of apoptosis may potentially 
obscure active secretion of EVs, due to discharge of apoptotic bodies with a size range overlapping 
that of classical microvesicles and exosomes [31].  In U87 cells, the synergistic induction of EV 
secretion by TMZ and CHQ is unlikely to be apoptosis-dependent, since under these conditions CHQ 
did not enhance the TMZ-induced cytotoxicity. Compared to U87, the U138 cells are more resistant 
to TMZ (Figure 1B); however in the latter, CHQ did enhance the cytotoxicity of TMZ.  It is unlikely 
that this could have significantly affected the observed induction of LC3B-II, p62 and caveolin-1 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 August 2025 doi:10.20944/preprints202508.1783.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1783.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 20 

 

secretion, since cytochrome C1, a marker for contamination with cell debris, was not detected in EVs 
from U138 cells (Figure 3A).  

An interesting observation in the current study, is the synergistic induction of caveolin-1 by TMZ 
and CHQ in small EVs (Figure 2, 3). In late-stage cancer, including GBM, the expression of caveolin-
1 correlates with the tumor grade, and the protein contributes to the aggressiveness of the disease, as 
well as its resistance to therapy [32]. Caveolin-1 is a plasma membrane protein, and it is present in 
LEVs, including plasma membrane-derived oncosomes [33]. It is also enriched in serum exosomes of 
GBM patients, as compared to healthy controls [34]. A proposed mechanism implicates secretory 
autophagy in the biogenesis of caveolin-1-containing EVs [35], and the data presented here concurs 
with this model – as inferred by the CHQ-dependent secretion of caveolin-1-loaded SEVs, and the 
CHQ-induced accumulation of the protein in large amphisomes/autolysosomes (Figure 4).  

In addition to acting as a lysosomal inhibitor, CHQ has a DNA intercalating activity, leading to 
an alteration of the DNA structure, and consequently, ATM activation in absence of DNA damage 
[36]. It has also been demonstrated that, at the concentration used in the current study (10 µM), CHQ 
enhances DNA repair, rather than damage [37]. This may help explain the ostensible discrepancy 
observed here – enhanced γH2Ax upregulation when CHQ is added to TMZ treatment, without 
further accumulation of DNA breaks or increased number of cells arrested in G2/M phase (Figure 6). 
It is also possible, that minor increases of damaged DNA within the TMZ+CHQ-treated cells might 
not be detectable with the comet assay, used in the current study. However, fragmented extracellular 
DNA, as well as RNA molecules, were detectable in conditioned supernatants, and the TMZ-induced 
EVP-associated extracellular nucleic acids were further synergistically upregulated by the addition 
of CHQ (Figure 7). In this regard, the work presented here adds to a growing number of studies, that 
have demonstrated relationships between DDR and EV secretion. Namely, DNA damage may 
influence secretion and composition of EVs and vice versa – EVs may affect cells through regulation 
of DDR [38]. Damaged nuclear DNA is actively transferred to the cytoplasm, wherefrom it may be 
expelled out of the cell through both autophagy-dependent [39] and independent [40] 
unconventional secretory mechanisms. Moreover, EVs, including exosomes, are known to serve as 
vehicles for export of damaged DNA [41], as well as RNA:DNA hybrids [42]. Accumulation of DNA 
and double-stranded RNA within the cytoplasm may activate cytotoxic, proinflammatory signaling, 
downstream of cGAS-STING and RIG-I/MDA, respectively leading to cellular senescence [43,44]. 
TMZ- induced DDR has been linked to activation of cytoprotective autophagy [45]. In the context of 
lysosomal inhibition, a shift towards reliance on secretory autophagy for the elimination of damaged 
NAs, could explain the synergy observed in the current study.  

Although we cannot ascertain whether the synergistic EV response to combined treatment with 
TMZ and CHQ is confined to glioma cells, the results presented here suggest a dependency on cell 
type. The effect was not observed in THP-1 monocytes and macrophages, treated with the same 
concentrations of CHQ and TMZ as GBM cells, despite the TMZ treatment being more toxic for THP-
1, as compared to GBM cells. CHQ did upregulate LC3B-II in THP-1 cells, however p62 expression 
was affected by neither CHQ nor TMZ (Figure 8D). This suggests that, unlike in GBM cells, the CHQ-
dependent inhibition of lysosomal activity in THP-1 cells was relatively inefficient. Higher 
concentrations of CHQ did induce discharge of EVs and autophagy markers by both THP-1 
monocytes and PMA-differentiated macrophages; however, this correlated with the cytotoxicity of 
the treatment, and resulted in contamination of the LEV samples with CYC1 (supplementary Figure 
2 and 3).  In this regard, it has been observed that CHQ inhibits autophagy by impairing 
autophagosome fusion with lysosomes, rather than by affecting the degradative activity of this 
organelle [46]. In contrast to CHQ, BafA1 upregulated LC3B-II and p62 as well as EV release in both 
THP-1 (Figure 9) and GBM cells (Figure 9, Supplementary Figure 3), and TMZ further upregulated 
the BafA1-induced EV secretion. Also, unlike CHQ, BafA1 did inhibit the lysosomal proteolysis of 
DQ-OVA substrate by THP-1 monocytes (Supplementary Figure 1C). This highlights the mechanistic 
differences between BafA1 and CHQ in lysosomal inhibition, and may account for the variability in 
EV induction observed in THP-1 cultures, treated with the two inhibitors. In both THP-1 and glioma 
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cells, BafA1 exhibited significant cytotoxicity by itself, and even more so, in combination with TMZ, 
which might have contributed to the robust EVP release. Nevertheless, this does not seem to be the 
sole reason for the synergy as, in THP-1 cultures, TMZ had a significantly higher cytotoxicity 
compared to BafA1, without inducing any detectable EV release. In addition, Brefeldin A which, like 
BafA1, is an apoptosis inducer [47] and an autophagy modulator [48], but an inhibitor of intracellular 
vesicle transport and EV secretion [49], did not upregulate EV secretion by GBM cells (Figure 9 and 
Supplementary Figure 3). Overall, these data indicate, that the synergistic EV upregulation observed 
in this study, is not merely due to increased shedding of apoptotic bodies and cell debris, but is rather 
dependent on active unconventional secretory mechanisms. 

Conclusions: The current study demonstrates that TMZ and CHQ synergistically activate 
secretory autophagy in GBM cells, as demonstrated by the enhanced release of EVs containing 
autophagy markers, caveolin-1 and cell-free nucleic acids. This effect is not confined to CHQ and 
TMZ, as shown by treatments with etoposide and Bafilomycin A1, and it is probably driven by DNA 
damage in the context of lysosomal/late-stage autophagy inhibition.  

4. Materials and Methods 

4.1. Cell Cultures 

The GBM cell lines (U87-MG and U138-MG) and the THP-1 monocytes were obtained from CLS 
Cell Lines Service GmbH. U87-MG and U138-MG cells were maintained in DMEM, high glucose 
medium (Gibco, 41966052) and the THP-1 monocytes were cultured in RPMI 1640 Medium, HEPES 
(Gibco, 52400041) supplemented with 10% fetal bovine serum (Gibco, 10270106), 100 units/mL of 
penicillin, 100 µg/mL of streptomycin (Gibco, 15140122) and 0.25 µg/mL of Amphotericin B (Gibco, 
15290026) at 37 °C in 5% CO2. 

4.2. Reagents and Primary Antibodies 

Bafilomycin A1 (SML1661), TMZ (PHR1437), 1 mM solution of Ionomycin in DMSO (I3909) and 
Phorbol-12-myristate-13-acetate (524400) were obtained from Merk. CHQ diphosphate salt 
(455240250) and Brefeldin A (00-4506-51) were purchased from Thermo Scientific Chemicals. 

Primary antibodies were obtained as follows: from Cell Signaling Technology: mouse anti-LC3B 
(83506S) and rabbit anti-caveolin-1 (3267S); from Abcam: mouse anti-CD63 (ab59479) and mouse anti-
alix (ab117600); from Merck: rabbit anti-actin (a5060); from Santa Cruz Biotechnology: anti-γH2AX 
(SC-517348); from Novus Biologicals: rabbit anti-LC3B (NB100), anti-cytochrome c1 (NBP1-86872), 
anti-p62 (NBP1-49955) and anti-syntenin 1 (NBP1-86979). 

4.3. Apoptosis and Cell Viability Assay 

Cells were treated in 24-well plates (2x10^5 cells/well) in 500 µl of DMEM with 10% normal FBS, 
5% exosome-depleted FBS or without FBS for 48 hours. The cells were washed with PBS, detached 
with 100 µl of 1X trypsin (ThermoFisher, 15400054), washed again with PBS, 5% FBS to neutralize the 
trypsin and stained with Annexin V-FITC/PI Apoptosis Detection Kit from ThermoFisher (BMS500FI) 
as per the manufacturer’s protocol. The samples were analyzed with BD FACSCalibur™ Flow 
Cytometer and the data was processed with the Cyflogic software (https://www.cyflogic.com). 

4.4. Isolation of EVs  

Cells were seeded in 6-well plates (7.5x10^5/well) in standard culture medium and left to adhere 
overnight. The adherent cells were washed with serum-free medium and treated for 48 h in DMEM 
with 5% exosome-depleted Fetal Bovine Serum (Gibco, A2720803) – 1.5 ml/well. Samples 
(conditioned medium from 2 wells/sample) were processed with sequential centrifugations as 
follows: 500 g for 5 min, 1500 g for 15 min and 10 000 g for 40 min. The 10 000 g pellets containing 
large EVs were lysed with 2x Laemmli sample buffer (35 µl/sample). The post-10 000 g supernatant 
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(SN) was processed for isolation of small EVs using the PEG precipitation protocol  [50]. Briefly, 
equal volumes of 16% Polyethylene Glycol 6000 (Merck, 8074911000) prepared in 1M NaCl solution 
were mixed with the SNs and the samples were left at 4 °C overnight (at least 12 h). The samples were 
centrifuged in a tabletop centrifuge at 3 500 g for 1 hour at 4 °C. The supernatant was aspirated and 
the samples were subjected to a brief centrifugation (2 min at 4 000g) to allow for complete removal 
of the PEG solution. The resulting pellets were dissolved in 35 µl of 2x Laemmli sample buffer and 
stored at -20 °C until further use. 

4.5. Immunoblotting (Western and Dot Blotting) 

Protein samples from whole cell lysates (WCL) and EVs were heated at 98 °C for 10 min in 
sample buffer supplemented with 50 mM dithiothreitol, separated using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE; 15% acrylamide) and transferred onto Immobilon-P 
Membrane, PVDF, 0.45 µm (ThermoFisher, 88518). Western blots were blocked in 5% bovine serum 
albumin (Sigma Aldrich, A9647) in Tris-buffered saline with TX100 (TBST; pH 7.4, 10 mM Tris-HCl, 
140 mM NaCl, 0.5% v:v Triton X-100) for 1 h and incubated with primary antibodies overnight at 
4 °C. Next, the blots were washed 3x with TBST and incubated with secondary HRP-conjugated anti-
mouse IgG (ThermoFisher, 31430) and anti-rabbit IgG (ThermoFisher, 31460) antibodies (1:20 000 
dilution) at room temperature for 1 h. After extensive washing with TBST, the blots were developed 
with SuperSignal™ West Pico PLUS (ThermoFisher, 34580) or SuperSignal™ West Femto Maximum 
Sensitivity Substrate (ThermoFisher, 34095), depending on the strength of the signal. Imaging of the 
blots was performed on a C-DiGit Blot Scanner (LI-COR Biosciences - GmbH) and the densitometry 
was done with the Image Studio™ software.  

For the CD63 dot blotting, non-reduced EV samples in Laemmli buffer were spotted in 
duplicates of 1 µl onto Protran® Supported nitrocellulose membrane (GE10600020), which was then 
processed as described for the Western blot membranes. 

4.6. Dynamic Light Scattering 

EVs, isolated as described above were resuspended in 1x PBS and analyzed with Zetasizer Nano 
ZS analyzer (Malvern Instruments, Malvern, UK). Type of measurement: dynamic light scattering 
(DLS); analysis model: Multiple narrow modes. The cuvette cell for size distribution measurements 
was DTS0012 Plastic disposable 10x10 cell. Three replicate measurements were taken for each sample 
and the data for each size point was presented as percent of the total particle number. 

4.7. Fluorescence Imaging 

Cells (2x10^5 cells/well) were seeded in 24-well plates on 13 mm round cover glasses, #1,5 (VWR, 
MARI0117530) and left to adhere overnight. The cells were treated in DMEM with 5% exosome-
depleted FBS for 48 h, fixed/permeabilized with ice-cold methanol for 10 min and blocked with 5% 
BSA in PBS for 30 min. Primary antibodies (anti-LC3B – 1:400, anti-CD63 – 1:200, anti-γH2AX – 1:200 
and anti-BrdU – 1:50), were added for 1h, followed by secondary anti-rabbit IgG Alexa Fluor 555 (Cell 
Signaling, 4413S), anti-mouse IgG Alexa Fluor 488 (Cell Signaling, 4408S) and anti-mouse AlexaFluor 
647 (Invitrogen, A-21237) antibodies for 45 min at 1:1000 dilution. After washing with PBS and 
staining with DAPI, the coverslips were mounted on slides using ProLong™ Diamond Antifade 
Mountant (ThermoFisher, P36965). The cells were imaged on a Leica Stellaris 8 confocal system with 
100x oil-immersion objective. Images were processed and analyzed with the ImageJ software. 

4.8. Analysis of Extracellular NA 

Conditioned supernatants were precleared with sequential centrifugations at 500 g/5 min and 1 
500g/15 min. Equal volume of 16% PEG, 1M NaCl was added to the post 1 500 g supernatant and the 
mixture was incubated overnight. The samples were centrifuged at 3 500 g at 4 °C for 1 h to pellet the 
EVs as well as cell-free DNA. Pellets were resuspended in 300 µl PBS and were incubated with 0.2% 
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Triton X100 and 10 µg/ml of Proteinase K (Invitrogen, 10665795) for 45 min at 37 °C to digest and 
dissociate proteins from NAs. An equal volume of Phenol/Chloroform/Isoamyl alcohol (25:24:1), 
saturated with 100 mM Tris-EDTA to pH 8.0 (Thermo Scientific Chemicals, 327111000) was added 
and the sample followed by vortexing and centrifugation at 10 000 g for 5 minutes. The aqueous SN 
was transferred to another tube, mixed with an equal volume of chloroform, vortexed and 
centrifuged again at 10 000 g for 5 min. This step was repeated a second time. The upper phase was 
then transferred to another tube and was supplemented with sodium acetate to a final concentration 
of 0.3M and 2.5 vol. of 96% ethanol. The samples were kept at -70 °C for 1 h, centrifuged at 17 000 g 
for 30 min and pellets were dissolved in TE buffer. The samples were directly analyzed for 260 nm 
absorbance with a NanoDrop™ 2000 instrument and were run on 1% Ethidium Bromide-stained 
agarose gel. For DNase/RNase sensitivity analysis, 5 µl of NA sample was supplemented with DNase 
I buffer (10 mM Tris-HCl (pH 7.5 at 25 °C), 2.5 mM MgCl2, 0.1 mM CaCl2), and either 5 KU DNase I 
(Sigma Aldrich, D4263) or 10 µg/ml of RNase A (Sigma Aldrich, R-5125). The final volume of the 
nuclease-treated samples and the controls without nucleases was brought to 10 µl and the samples 
were incubated for 30 min at 37 °C. Proteinase K (10 µg/ml) was added to each sample to digest and 
dissociate RNase A from the DNA- and DNase I from the RNA molecules, and the samples were 
incubated for 15 min at 37 °C. The control and the nuclease-treated samples were subjected to 1% 
agarose gel electrophoresis, stained with 0.5 µg/ml of Ethidium Bromide for 15 min and observed on 
a UV-illuminator. 

To detect cell-free nucleic acids associated with large EVs and particles (EVPs), EVPs, isolated 
with 10 000 g centrifugation as described above and resuspended in 1x PBS were stained with 100 
ng/ml of PI (eBioscience™,  00-6990-50) and were analyzed with a FACS Calibur instrument (Becton 
Dickinson) using low flow rate and a fixed time – 50 sec. Samples from unconditioned medium were 
processed in parallel with the EVPs as a control for presence of contaminating particles in the cell 
culture medium and the PBS. 

4.9. Cell Cycle and PI Viability Assay 

Cells were treated in 24-well plates (2x10^5 cells/well) in 500 µl of growth medium 
supplemented with 5% exosome-depleted FBS for 48 hours. The cells were washed with PBS, 
detached with 100 µl of 1X trypsin (ThermoFisher, 15400054), washed again with PBS, 5% FBS to 
neutralize the trypsin and resuspended in 400 µl of PBS. The samples were stained with either 
Propidium Iodide (40 ng/sample) for viability or 62.5 µM DRAQ5 (Invitrogen, 65-0880-96) for cell 
cycle analysis. The cells were analyzed on BD FACSCalibur™ Flow Cytometer and the data was 
processed with the Cyflogic software (https://www.cyflogic.com). 

4.10. Alkaline Comet Assay 

The assay was performed according to a previously described procedure [51,52]. The slides were 
immersed briefly in 1% (wt/vol) normal melting point agarose, their backs were wiped and they were 
left on a plate overnight at room temperature (RT). The cell suspensions were counted using an 
automatic cell counter (Countess®, Invitrogen) and centrifuged at 300g for 5 min at 4°C, washed with 
ice-cold PBS, and centrifuged again. 25 µl of the cell suspension in PBS (~1 × 10^6 cells/ml) were mixed 
with 100 µl 0.75% LMP low melting point agarose. Two drops (60 µl) of the mixture were transferred 
to a pre-coated microscope slide. The gels were covered with coverslips and kept for 5 min at 4°C in 
dark. The coverslips were then removed and the slides were placed in standard lysis solution (2.5M 
NaCl, 100 mM EDTA, 10mM Tris base, pH 10-10.5, with added 1 mL of Triton X-100 and 10 ml DMSO 
before use) for at least 1 h in a Coplin jar at 4°C in dark. The slides were transferred directly to the 
electrophoresis tank, containing cold (4°C) 0.3M NaOH and 1mM Na2EDTA, pH>13, and incubated 
before electrophoresis solution for 20 min. Electrophoresis was performed at ~1 V/cm for 20 min, 
pH>13 at 4 °C. The gels were neutralized by washing in cold neutralizing solution (400 mMTris–HCl, 
pH 7.5) three times for 5 min. Slides were washed for 10 min in cold (4°C) dH2O. The gels were air-
dried overnight. The samples were stained with 1X SYBR™ Gold Nucleic Acid Gel Stain (Invitrogen, 
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S11494) for 10 min at RT and visualized on Axiovert 200 fluorescent microscope (Zeiss). Images were 
analyzed using CaspLab - Comet Assay Software [53]. 

5. Conclusions 

The current study demonstrates that TMZ and CHQ synergistically activate secretory autophagy 
in GBM cells, as demonstrated by the enhanced release of EVs containing autophagy markers, 
caveolin-1 and cell-free nucleic acids. This effect is not confined to CHQ and TMZ, as shown by 
treatments with etoposide and Bafilomycin A1, and it is probably driven by DNA damage in the 
context of lysosomal/late-stage autophagy inhibition. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
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Author Contributions: Conceptualization, Dimitar Borisov Iliev; Methodology, Aleksander Emilov 
Aleksandrov and Dimitar Borisov Iliev; Validation, Aleksander Emilov Aleksandrov and Dimitar Borisov Iliev; 
Formal analysis, Aleksander Emilov Aleksandrov and Dimitar Borisov Iliev; Investigation, Aleksander Emilov 
Aleksandrov, Banko Ivaylov Bankov, Vera Lyubchova Djeliova, Georgi Georgiev Antov, Svetozar Stoichev, 
Roumyana Silvieva Mironova and Dimitar Borisov Iliev; Resources, Dimitar Borisov Iliev; Data curation, 
Dimitar Borisov Iliev; Writing – original draft, Aleksander Emilov Aleksandrov and Dimitar Borisov Iliev; 
Writing – review & editing, Aleksander Emilov Aleksandrov, Banko Ivaylov Bankov, Vera Lyubchova Djeliova, 
Georgi Georgiev Antov, Svetozar Stoichev, Roumyana Silvieva Mironova and Dimitar Borisov Iliev; 
Visualization, Dimitar Borisov Iliev; Supervision, Dimitar Borisov Iliev; Project administration, Dimitar Borisov 
Iliev; Funding acquisition, Dimitar Borisov Iliev. 

Funding: This research was funded by the Bulgarian National Science Fund, project # КП-06-Н21/17-19.12.2018. 
The work also received support by The European Research Executive Agency - Project name: Advanced 
epigenetics studies to increase the research and innovations capacity of the Roumen Tsanev (AEGIS-IMB); 
Project number: 101086923 and by the Center for Advanced Microscopy at the Institute of Molecular Biology, 
Bulgarian Academy of Sciences - a part of the Euro-BioImaging consortium http://www.eurobioimaging.eu/. 
The authors thank the Bulgarian Ministry of Education and Science for the support provided via the “National 
Center for Biomedical Photonics” D01-352/2023 (Zetasizer Nano ZS analyzer), part of the Bulgarian National 
Roadmap for Scientific Infrastructures 2020–2027. 

Conflicts of Interest: The authors declare no conflicts of interest. 

Abbreviations 

EVs: extracellular vesicles; GBM: glioblastoma multiforme, CHQ: chloroquine; TMZ: 
temozolomide; DMSO: dimethyl sulfoxide; PI: Propidium Iodide; SEVs: small EVs; LEVs: large EVs; 
SN: supernatant, WCL: whole cell lysates; DDR: DNA damage response; WB: Western blot; NA: 
nucleic acids; BafA1: Bafilomycin A1; PMA: phorbol myristate acetate; CYC1: cytochrome C1; EVPs: 
EVs and particles; dsRNA: double-stranded RNA; 

References 
1. F.E. Bleeker, R.J. Molenaar, S. Leenstra, Recent advances in the molecular understanding of glioblastoma, 

J Neurooncol. 108 (2012) 11-27. https://doi.org/10.1007/s11060-011-0793-0. 
2. R. Stupp, M.E. Hegi, W.P. Mason, M.J. van den Bent, M.J. Taphoorn, R.C. Janzer, S.K. Ludwin, A. Allgeier, 

B. Fisher, K. Belanger, P. Hau, A.A. Brandes, J. Gijtenbeek, C. Marosi, C.J. Vecht, K. Mokhtari, P. Wesseling, 
S. Villa, E. Eisenhauer, T. Gorlia, M. Weller, D. Lacombe, J.G. Cairncross, R.O. Mirimanoff, R. European 
Organisation for, T. Treatment of Cancer Brain, G. Radiation Oncology, G. National Cancer Institute of 
Canada Clinical Trials, Effects of radiotherapy with concomitant and adjuvant temozolomide versus 
radiotherapy alone on survival in glioblastoma in a randomised phase III study: 5-year analysis of the 
EORTC-NCIC trial, Lancet Oncol. 10 (2009) 459-466. https://doi.org/10.1016/S1470-2045(09)70025-7. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 August 2025 doi:10.20944/preprints202508.1783.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1783.v1
http://creativecommons.org/licenses/by/4.0/


 17 of 20 

 

3. T. Simon, E. Jackson, G. Giamas, Breaking through the glioblastoma micro-environment via extracellular 
vesicles, Oncogene. 39 (2020) 4477-4490. https://doi.org/10.1038/s41388-020-1308-2. 

4. G. Andre-Gregoire, J. Gavard, Spitting out the demons: Extracellular vesicles in glioblastoma, Cell Adh 
Migr. 11 (2017) 164-172. https://doi.org/10.1080/19336918.2016.1247145. 

5. C. Thery, K.W. Witwer, E. Aikawa, M.J. Alcaraz, J.D. Anderson, R. Andriantsitohaina, A. Antoniou, T. Arab, 
F. Archer, G.K. Atkin-Smith, D.C. Ayre, J.M. Bach, D. Bachurski, H. Baharvand, L. Balaj, S. Baldacchino, 
N.N. Bauer, A.A. Baxter, M. Bebawy, C. Beckham, A. Bedina Zavec, A. Benmoussa, A.C. Berardi, P. Bergese, 
E. Bielska, C. Blenkiron, S. Bobis-Wozowicz, E. Boilard, W. Boireau, A. Bongiovanni, F.E. Borras, S. Bosch, 
C.M. Boulanger, X. Breakefield, A.M. Breglio, M.A. Brennan, D.R. Brigstock, A. Brisson, M.L. Broekman, 
J.F. Bromberg, P. Bryl-Gorecka, S. Buch, A.H. Buck, D. Burger, S. Busatto, D. Buschmann, B. Bussolati, E.I. 
Buzas, J.B. Byrd, G. Camussi, D.R. Carter, S. Caruso, L.W. Chamley, Y.T. Chang, C. Chen, S. Chen, L. Cheng, 
A.R. Chin, A. Clayton, S.P. Clerici, A. Cocks, E. Cocucci, R.J. Coffey, A. Cordeiro-da-Silva, Y. Couch, F.A. 
Coumans, B. Coyle, R. Crescitelli, M.F. Criado, C. D’Souza-Schorey, S. Das, A. Datta Chaudhuri, P. de 
Candia, E.F. De Santana, O. De Wever, H.A. Del Portillo, T. Demaret, S. Deville, A. Devitt, B. Dhondt, D. 
Di Vizio, L.C. Dieterich, V. Dolo, A.P. Dominguez Rubio, M. Dominici, M.R. Dourado, T.A. Driedonks, F.V. 
Duarte, H.M. Duncan, R.M. Eichenberger, K. Ekstrom, S. El Andaloussi, C. Elie-Caille, U. Erdbrugger, J.M. 
Falcon-Perez, F. Fatima, J.E. Fish, M. Flores-Bellver, A. Forsonits, A. Frelet-Barrand, F. Fricke, G. Fuhrmann, 
S. Gabrielsson, A. Gamez-Valero, C. Gardiner, K. Gartner, R. Gaudin, Y.S. Gho, B. Giebel, C. Gilbert, M. 
Gimona, I. Giusti, D.C. Goberdhan, A. Gorgens, S.M. Gorski, D.W. Greening, J.C. Gross, A. Gualerzi, G.N. 
Gupta, D. Gustafson, A. Handberg, R.A. Haraszti, P. Harrison, H. Hegyesi, A. Hendrix, A.F. Hill, F.H. 
Hochberg, K.F. Hoffmann, B. Holder, H. Holthofer, B. Hosseinkhani, G. Hu, Y. Huang, V. Huber, S. Hunt, 
A.G. Ibrahim, T. Ikezu, J.M. Inal, M. Isin, A. Ivanova, H.K. Jackson, S. Jacobsen, S.M. Jay, M. Jayachandran, 
G. Jenster, L. Jiang, S.M. Johnson, J.C. Jones, A. Jong, T. Jovanovic-Talisman, S. Jung, R. Kalluri, S.I. Kano, 
S. Kaur, Y. Kawamura, E.T. Keller, D. Khamari, E. Khomyakova, A. Khvorova, P. Kierulf, K.P. Kim, T. 
Kislinger, M. Klingeborn, D.J. Klinke, 2nd, M. Kornek, M.M. Kosanovic, A.F. Kovacs, E.M. Kramer-Albers, 
S. Krasemann, M. Krause, I.V. Kurochkin, G.D. Kusuma, S. Kuypers, S. Laitinen, S.M. Langevin, L.R. 
Languino, J. Lannigan, C. Lasser, L.C. Laurent, G. Lavieu, E. Lazaro-Ibanez, S. Le Lay, M.S. Lee, Y.X.F. Lee, 
D.S. Lemos, M. Lenassi, A. Leszczynska, I.T. Li, K. Liao, S.F. Libregts, E. Ligeti, R. Lim, S.K. Lim, A. Line, 
K. Linnemannstons, A. Llorente, C.A. Lombard, M.J. Lorenowicz, A.M. Lorincz, J. Lotvall, J. Lovett, M.C. 
Lowry, X. Loyer, Q. Lu, B. Lukomska, T.R. Lunavat, S.L. Maas, H. Malhi, A. Marcilla, J. Mariani, J. Mariscal, 
E.S. Martens-Uzunova, L. Martin-Jaular, M.C. Martinez, V.R. Martins, M. Mathieu, S. Mathivanan, M. 
Maugeri, L.K. McGinnis, M.J. McVey, D.G. Meckes, Jr., K.L. Meehan, I. Mertens, V.R. Minciacchi, A. Moller, 
M. Moller Jorgensen, A. Morales-Kastresana, J. Morhayim, F. Mullier, M. Muraca, L. Musante, V. Mussack, 
D.C. Muth, K.H. Myburgh, T. Najrana, M. Nawaz, I. Nazarenko, P. Nejsum, C. Neri, T. Neri, R. Nieuwland, 
L. Nimrichter, J.P. Nolan, E.N. Nolte-‘t Hoen, N. Noren Hooten, L. O’Driscoll, T. O’Grady, A. O’Loghlen, 
T. Ochiya, M. Olivier, A. Ortiz, L.A. Ortiz, X. Osteikoetxea, O. Ostergaard, M. Ostrowski, J. Park, D.M. 
Pegtel, H. Peinado, F. Perut, M.W. Pfaffl, D.G. Phinney, B.C. Pieters, R.C. Pink, D.S. Pisetsky, E. Pogge von 
Strandmann, I. Polakovicova, I.K. Poon, B.H. Powell, I. Prada, L. Pulliam, P. Quesenberry, A. Radeghieri, 
R.L. Raffai, S. Raimondo, J. Rak, M.I. Ramirez, G. Raposo, M.S. Rayyan, N. Regev-Rudzki, F.L. Ricklefs, 
P.D. Robbins, D.D. Roberts, S.C. Rodrigues, E. Rohde, S. Rome, K.M. Rouschop, A. Rughetti, A.E. Russell, 
P. Saa, S. Sahoo, E. Salas-Huenuleo, C. Sanchez, J.A. Saugstad, M.J. Saul, R.M. Schiffelers, R. Schneider, T.H. 
Schoyen, A. Scott, E. Shahaj, S. Sharma, O. Shatnyeva, F. Shekari, G.V. Shelke, A.K. Shetty, K. Shiba, P.R. 
Siljander, A.M. Silva, A. Skowronek, O.L. Snyder, 2nd, R.P. Soares, B.W. Sodar, C. Soekmadji, J. Sotillo, P.D. 
Stahl, W. Stoorvogel, S.L. Stott, E.F. Strasser, S. Swift, H. Tahara, M. Tewari, K. Timms, S. Tiwari, R. Tixeira, 
M. Tkach, W.S. Toh, R. Tomasini, A.C. Torrecilhas, J.P. Tosar, V. Toxavidis, L. Urbanelli, P. Vader, B.W. 
van Balkom, S.G. van der Grein, J. Van Deun, M.J. van Herwijnen, K. Van Keuren-Jensen, G. van Niel, M.E. 
van Royen, A.J. van Wijnen, M.H. Vasconcelos, I.J. Vechetti, Jr., T.D. Veit, L.J. Vella, E. Velot, F.J. Verweij, 
B. Vestad, J.L. Vinas, T. Visnovitz, K.V. Vukman, J. Wahlgren, D.C. Watson, M.H. Wauben, A. Weaver, J.P. 
Webber, V. Weber, A.M. Wehman, D.J. Weiss, J.A. Welsh, S. Wendt, A.M. Wheelock, Z. Wiener, L. Witte, J. 
Wolfram, A. Xagorari, P. Xander, J. Xu, X. Yan, M. Yanez-Mo, H. Yin, Y. Yuana, V. Zappulli, J. Zarubova, 
V. Zekas, J.Y. Zhang, Z. Zhao, L. Zheng, A.R. Zheutlin, A.M. Zickler, P. Zimmermann, A.M. Zivkovic, D. 
Zocco, E.K. Zuba-Surma, Minimal information for studies of extracellular vesicles 2018 (MISEV2018): a 
position statement of the International Society for Extracellular Vesicles and update of the MISEV2014 
guidelines, J Extracell Vesicles. 7 (2018) 1535750. https://doi.org/10.1080/20013078.2018.1535750. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 August 2025 doi:10.20944/preprints202508.1783.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1783.v1
http://creativecommons.org/licenses/by/4.0/


 18 of 20 

 

6. G. van Niel, G. D’Angelo, G. Raposo, Shedding light on the cell biology of extracellular vesicles, Nat Rev 
Mol Cell Biol. 19 (2018) 213-228. https://doi.org/10.1038/nrm.2017.125. 

7. R. Kalluri, V.S. LeBleu, The biology, function, and biomedical applications of exosomes, Science. 367 (2020). 
https://doi.org/10.1126/science.aau6977. 

8. A. Mondal, D. Kumari Singh, S. Panda, A. Shiras, Extracellular Vesicles As Modulators of Tumor 
Microenvironment and Disease Progression in Glioma, Front Oncol. 7 (2017) 144. 
https://doi.org/10.3389/fonc.2017.00144. 

9. J.K. Yang, J.P. Yang, J. Tong, S.Y. Jing, B. Fan, F. Wang, G.Z. Sun, B.H. Jiao, Exosomal miR-221 targets 
DNM3 to induce tumor progression and temozolomide resistance in glioma, J Neurooncol. 131 (2017) 255-
265. https://doi.org/10.1007/s11060-016-2308-5. 

10. A.F. Corona Velazquez, W.T. Jackson, So Many Roads: the Multifaceted Regulation of Autophagy 
Induction, Mol Cell Biol. 38 (2018). https://doi.org/10.1128/MCB.00303-18. 

11. D.K. Jeppesen, A.M. Fenix, J.L. Franklin, J.N. Higginbotham, Q. Zhang, L.J. Zimmerman, D.C. Liebler, J. 
Ping, Q. Liu, R. Evans, W.H. Fissell, J.G. Patton, L.H. Rome, D.T. Burnette, R.J. Coffey, Reassessment of 
Exosome Composition, Cell. 177 (2019) 428-445 e418. https://doi.org/10.1016/j.cell.2019.02.029. 

12. T.A. Solvik, T.A. Nguyen, Y.H. Tony Lin, T. Marsh, E.J. Huang, A.P. Wiita, J. Debnath, A.M. Leidal, 
Secretory autophagy maintains proteostasis upon lysosome inhibition, J Cell Biol. 221 (2022). 
https://doi.org/10.1083/jcb.202110151. 

13. I. Khan, M.H. Baig, S. Mahfooz, M. Rahim, B. Karacam, E.B. Elbasan, I. Ulasov, J.J. Dong, M.A. Hatiboglu, 
Deciphering the Role of Autophagy in Treatment of Resistance Mechanisms in Glioblastoma, Int J Mol Sci. 
22 (2021). https://doi.org/10.3390/ijms22031318. 

14. E.B. Golden, H.Y. Cho, A. Jahanian, F.M. Hofman, S.G. Louie, A.H. Schonthal, T.C. Chen, Chloroquine 
enhances temozolomide cytotoxicity in malignant gliomas by blocking autophagy, Neurosurg Focus. 37 
(2014) E12. https://doi.org/10.3171/2014.9.FOCUS14504. 

15. C.H. Eng, Z. Wang, D. Tkach, L. Toral-Barza, S. Ugwonali, S. Liu, S.L. Fitzgerald, E. George, E. Frias, N. 
Cochran, R. De Jesus, G. McAllister, G.R. Hoffman, K. Bray, L. Lemon, J. Lucas, V.R. Fantin, R.T. Abraham, 
L.O. Murphy, B. Nyfeler, Macroautophagy is dispensable for growth of KRAS mutant tumors and 
chloroquine efficacy, Proc Natl Acad Sci U S A. 113 (2016) 182-187. https://doi.org/10.1073/pnas.1515617113. 

16. M.A. King, I.G. Ganley, V. Flemington, Inhibition of cholesterol metabolism underlies synergy between 
mTOR pathway inhibition and chloroquine in bladder cancer cells, Oncogene. 35 (2016) 4518-4528. 
https://doi.org/10.1038/onc.2015.511. 

17. I. Compter, D.B.P. Eekers, A. Hoeben, K.M.A. Rouschop, B. Reymen, L. Ackermans, J. 
Beckervordersantforth, N.J.C. Bauer, M.M. Anten, P. Wesseling, A.A. Postma, D. De Ruysscher, P. Lambin, 
Chloroquine combined with concurrent radiotherapy and temozolomide for newly diagnosed 
glioblastoma: a phase IB trial, Autophagy. 17 (2021) 2604-2612. 
https://doi.org/10.1080/15548627.2020.1816343. 

18. P. Weyerhauser, S.R. Kantelhardt, E.L. Kim, Re-purposing Chloroquine for Glioblastoma: Potential Merits 
and Confounding Variables, Front Oncol. 8 (2018) 335. https://doi.org/10.3389/fonc.2018.00335. 

19. G. Andre-Gregoire, N. Bidere, J. Gavard, Temozolomide affects Extracellular Vesicles Released by 
Glioblastoma Cells, Biochimie. 155 (2018) 11-15. https://doi.org/10.1016/j.biochi.2018.02.007. 

20. E. Panzarini, S. Tacconi, E. Carata, S. Mariano, A.M. Tata, L. Dini, Molecular Characterization of 
Temozolomide-Treated and Non Temozolomide-Treated Glioblastoma Cells Released Extracellular 
Vesicles and Their Role in the Macrophage Response, Int J Mol Sci. 21 (2020). 
https://doi.org/10.3390/ijms21218353. 

21. S.Y. Lee, Temozolomide resistance in glioblastoma multiforme, Genes Dis. 3 (2016) 198-210. 
https://doi.org/10.1016/j.gendis.2016.04.007. 

22. M. Morello, V.R. Minciacchi, P. de Candia, J. Yang, E. Posadas, H. Kim, D. Griffiths, N. Bhowmick, L.W. 
Chung, P. Gandellini, M.R. Freeman, F. Demichelis, D. Di Vizio, Large oncosomes mediate intercellular 
transfer of functional microRNA, Cell Cycle. 12 (2013) 3526-3536. https://doi.org/10.4161/cc.26539. 

23. E.L. Baldwin, N. Osheroff, Etoposide, topoisomerase II and cancer, Curr Med Chem Anticancer Agents. 5 
(2005) 363-372. https://doi.org/10.2174/1568011054222364. 

24. T. Hu, P. Li, Z. Luo, X. Chen, J. Zhang, C. Wang, P. Chen, Z. Dong, Chloroquine inhibits hepatocellular 
carcinoma cell growth in vitro and in vivo, Oncol Rep. 35 (2016) 43-49. https://doi.org/10.3892/or.2015.4380. 

25. N.A. Charles, E.C. Holland, R. Gilbertson, R. Glass, H. Kettenmann, The brain tumor microenvironment, 
Glia. 60 (2012) 502-514. https://doi.org/10.1002/glia.21264. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 August 2025 doi:10.20944/preprints202508.1783.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1783.v1
http://creativecommons.org/licenses/by/4.0/


 19 of 20 

 

26. M. Bauer, M. Goldstein, D. Heylmann, B. Kaina, Human monocytes undergo excessive apoptosis following 
temozolomide activating the ATM/ATR pathway while dendritic cells and macrophages are resistant, PLoS 
One. 7 (2012) e39956. https://doi.org/10.1371/journal.pone.0039956. 

27. N.P. Hessvik, A. Overbye, A. Brech, M.L. Torgersen, I.S. Jakobsen, K. Sandvig, A. Llorente, PIKfyve 
inhibition increases exosome release and induces secretory autophagy, Cell Mol Life Sci. 73 (2016) 4717-
4737. https://doi.org/10.1007/s00018-016-2309-8. 

28. A.M. Leidal, H.H. Huang, T. Marsh, T. Solvik, D. Zhang, J. Ye, F. Kai, J. Goldsmith, J.Y. Liu, Y.H. Huang, 
T. Monkkonen, A. Vlahakis, E.J. Huang, H. Goodarzi, L. Yu, A.P. Wiita, J. Debnath, The LC3-conjugation 
machinery specifies the loading of RNA-binding proteins into extracellular vesicles, Nat Cell Biol. 22 (2020) 
187-199. https://doi.org/10.1038/s41556-019-0450-y. 

29. A.M. Miranda, Z.M. Lasiecka, Y. Xu, J. Neufeld, S. Shahriar, S. Simoes, R.B. Chan, T.G. Oliveira, S.A. Small, 
G. Di Paolo, Neuronal lysosomal dysfunction releases exosomes harboring APP C-terminal fragments and 
unique lipid signatures, Nat Commun. 9 (2018) 291. https://doi.org/10.1038/s41467-017-02533-w. 

30. E.L. Kim, R. Wustenberg, A. Rubsam, C. Schmitz-Salue, G. Warnecke, E.M. Bucker, N. Pettkus, D. Speidel, 
V. Rohde, W. Schulz-Schaeffer, W. Deppert, A. Giese, Chloroquine activates the p53 pathway and induces 
apoptosis in human glioma cells, Neuro Oncol. 12 (2010) 389-400. https://doi.org/10.1093/neuonc/nop046. 

31. R. Kakarla, J. Hur, Y.J. Kim, J. Kim, Y.J. Chwae, Apoptotic cell-derived exosomes: messages from dying 
cells, Exp Mol Med. 52 (2020) 1-6. https://doi.org/10.1038/s12276-019-0362-8. 

32. J. Ketteler, D. Klein, Caveolin-1, cancer and therapy resistance, Int J Cancer. 143 (2018) 2092-2104. 
https://doi.org/10.1002/ijc.31369. 

33. D. Di Vizio, M. Morello, A.C. Dudley, P.W. Schow, R.M. Adam, S. Morley, D. Mulholland, M. Rotinen, 
M.H. Hager, L. Insabato, M.A. Moses, F. Demichelis, M.P. Lisanti, H. Wu, M. Klagsbrun, N.A. Bhowmick, 
M.A. Rubin, C. D’Souza-Schorey, M.R. Freeman, Large oncosomes in human prostate cancer tissues and in 
the circulation of mice with metastatic disease, Am J Pathol. 181 (2012) 1573-1584. 
https://doi.org/10.1016/j.ajpath.2012.07.030. 

34. P. Kucharzewska, H.C. Christianson, J.E. Welch, K.J. Svensson, E. Fredlund, M. Ringner, M. Morgelin, E. 
Bourseau-Guilmain, J. Bengzon, M. Belting, Exosomes reflect the hypoxic status of glioma cells and mediate 
hypoxia-dependent activation of vascular cells during tumor development, Proc Natl Acad Sci U S A. 110 
(2013) 7312-7317. https://doi.org/10.1073/pnas.1220998110. 

35. N. Ariotti, Y. Wu, S. Okano, Y. Gambin, J. Follett, J. Rae, C. Ferguson, R.D. Teasdale, K. Alexandrov, F.A. 
Meunier, M.M. Hill, R.G. Parton, An inverted CAV1 (caveolin 1) topology defines novel autophagy-
dependent exosome secretion from prostate cancer cells, Autophagy. 17 (2021) 2200-2216. 
https://doi.org/10.1080/15548627.2020.1820787. 

36. C.J. Bakkenist, M.B. Kastan, DNA damage activates ATM through intermolecular autophosphorylation 
and dimer dissociation, Nature. 421 (2003) 499-506. https://doi.org/10.1038/nature01368. 

37. M. Qian, Z. Liu, L. Peng, X. Tang, F. Meng, Y. Ao, M. Zhou, M. Wang, X. Cao, B. Qin, Z. Wang, Z. Zhou, G. 
Wang, Z. Gao, J. Xu, B. Liu, Boosting ATM activity alleviates aging and extends lifespan in a mouse model 
of progeria, Elife. 7 (2018). https://doi.org/10.7554/eLife.34836. 

38. J. Han, K. Xu, T. Xu, Q. Song, T. Duan, J. Yang, The functional regulation between extracellular vesicles and 
the DNA damage responses, Mutat Res Rev Mutat Res. 795 (2025) 108532. 
https://doi.org/10.1016/j.mrrev.2025.108532. 

39. K. Bartsch, K. Knittler, C. Borowski, S. Rudnik, M. Damme, K. Aden, M.E. Spehlmann, N. Frey, P. Saftig, 
A. Chalaris, B. Rabe, Absence of RNase H2 triggers generation of immunogenic micronuclei removed by 
autophagy, Hum Mol Genet. 26 (2017) 3960-3972. https://doi.org/10.1093/hmg/ddx283. 

40. J.W. Clancy, C.S. Sheehan, A.C. Boomgarden, C. D’Souza-Schorey, Recruitment of DNA to tumor-derived 
microvesicles, Cell Rep. 38 (2022) 110443. https://doi.org/10.1016/j.celrep.2022.110443. 

41. A. Takahashi, R. Okada, K. Nagao, Y. Kawamata, A. Hanyu, S. Yoshimoto, M. Takasugi, S. Watanabe, M.T. 
Kanemaki, C. Obuse, E. Hara, Exosomes maintain cellular homeostasis by excreting harmful DNA from 
cells, Nat Commun. 8 (2017) 15287. https://doi.org/10.1038/ncomms15287. 

42. A. Tesei, C. Arienti, G. Bossi, S. Santi, I. De Santis, A. Bevilacqua, M. Zanoni, S. Pignatta, M. Cortesi, A. 
Zamagni, G. Storci, M. Bonafe, A. Sarnelli, A. Romeo, C. Cavallo, A. Bartolazzi, S. Rossi, A. Soriani, L. 
Strigari, TP53 drives abscopal effect by secretion of senescence-associated molecular signals in non-small 
cell lung cancer, J Exp Clin Cancer Res. 40 (2021) 89. https://doi.org/10.1186/s13046-021-01883-0. 

43. O. Chatzidoukaki, K. Stratigi, E. Goulielmaki, G. Niotis, A. Akalestou-Clocher, K. Gkirtzimanaki, A. 
Zafeiropoulos, J. Altmuller, P. Topalis, G.A. Garinis, R-loops trigger the release of cytoplasmic ssDNAs 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 August 2025 doi:10.20944/preprints202508.1783.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1783.v1
http://creativecommons.org/licenses/by/4.0/


 20 of 20 

 

leading to chronic inflammation upon DNA damage, Sci Adv. 7 (2021) eabj5769. 
https://doi.org/10.1126/sciadv.abj5769. 

44. R. Ghosh, S. Roy, S. Franco, PARP1 depletion induces RIG-I-dependent signaling in human cancer cells, 
PLoS One. 13 (2018) e0194611. https://doi.org/10.1371/journal.pone.0194611. 

45. A.M. Elshazly, D.A. Gewirtz, Is Autophagy Inhibition in Combination with Temozolomide a 
Therapeutically Viable Strategy?, Cells. 12 (2023). https://doi.org/10.3390/cells12040535. 

46. M. Mauthe, I. Orhon, C. Rocchi, X. Zhou, M. Luhr, K.J. Hijlkema, R.P. Coppes, N. Engedal, M. Mari, F. 
Reggiori, Chloroquine inhibits autophagic flux by decreasing autophagosome-lysosome fusion, 
Autophagy. 14 (2018) 1435-1455. https://doi.org/10.1080/15548627.2018.1474314. 

47. I. Pommepuy, F. Terro, B. Petit, F. Trimoreau, V. Bellet, S. Robert, J. Hugon, F. Labrousse, C. Yardin, 
Brefeldin A induces apoptosis and cell cycle blockade in glioblastoma cell lines, Oncology. 64 (2003) 459-
467. https://doi.org/10.1159/000070307. 

48. P. Purhonen, K. Pursiainen, H. Reunanen, Effects of brefeldin A on autophagy in cultured rat fibroblasts, 
Eur J Cell Biol. 74 (1997) 63-67. 

49. S.S. Lee, J.H. Won, G.J. Lim, J. Han, J.Y. Lee, K.O. Cho, Y.K. Bae, A novel population of extracellular vesicles 
smaller than exosomes promotes cell proliferation, Cell Commun Signal. 17 (2019) 95. 
https://doi.org/10.1186/s12964-019-0401-z. 

50. M.A. Rider, S.N. Hurwitz, D.G. Meckes, Jr., ExtraPEG: A Polyethylene Glycol-Based Method for 
Enrichment of Extracellular Vesicles, Sci Rep. 6 (2016) 23978. https://doi.org/10.1038/srep23978. 

51. A. Collins, P. Moller, G. Gajski, S. Vodenkova, A. Abdulwahed, D. Anderson, E.E. Bankoglu, S. Bonassi, E. 
Boutet-Robinet, G. Brunborg, C. Chao, M.S. Cooke, C. Costa, S. Costa, A. Dhawan, J. de Lapuente, C.D. Bo, 
J. Dubus, M. Dusinska, S.J. Duthie, N.E. Yamani, B. Engelward, I. Gaivao, L. Giovannelli, R. Godschalk, S. 
Guilherme, K.B. Gutzkow, K. Habas, A. Hernandez, O. Herrero, M. Isidori, A.N. Jha, S. Knasmuller, I.M. 
Kooter, G. Koppen, M. Kruszewski, C. Ladeira, B. Laffon, M. Larramendy, L.L. Hegarat, A. Lewies, A. 
Lewinska, G.E. Liwszyc, A.L. de Cerain, M. Manjanatha, R. Marcos, M. Milic, V.M. de Andrade, M. Moretti, 
D. Muruzabal, M. Novak, R. Oliveira, A.K. Olsen, N. Owiti, M. Pacheco, A.K. Pandey, S. Pfuhler, B. Pourrut, 
K. Reisinger, E. Rojas, E. Runden-Pran, J. Sanz-Serrano, S. Shaposhnikov, V. Sipinen, K. Smeets, H. Stopper, 
J.P. Teixeira, V. Valdiglesias, M. Valverde, F. van Acker, F.J. van Schooten, M. Vasquez, J.F. Wentzel, M. 
Wnuk, A. Wouters, B. Zegura, T. Zikmund, S.A.S. Langie, A. Azqueta, Measuring DNA modifications with 
the comet assay: a compendium of protocols, Nat Protoc. 18 (2023) 929-989. https://doi.org/10.1038/s41596-
022-00754-y. 

52. N.P. Singh, R.R. Tice, R.E. Stephens, E.L. Schneider, A microgel electrophoresis technique for the direct 
quantitation of DNA damage and repair in individual fibroblasts cultured on microscope slides, Mutat Res. 
252 (1991) 289-296. https://doi.org/10.1016/0165-1161(91)90008-v. 

53. K. Konca, A. Lankoff, A. Banasik, H. Lisowska, T. Kuszewski, S. Gozdz, Z. Koza, A. Wojcik, A cross-
platform public domain PC image-analysis program for the comet assay, Mutat Res. 534 (2003) 15-20. 
https://doi.org/10.1016/s1383-5718(02)00251-6. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 August 2025 doi:10.20944/preprints202508.1783.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1783.v1
http://creativecommons.org/licenses/by/4.0/

