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Abstract:

Extracellular vesicles (EVs) conform a heterogeneous group of lipid bilayer membrane particles naturally
released by cells. They vary in size, surface composition, mechanism of formation, biochemical content,
and function within the human body. EVs are classified in 3 groups, depending on their size and
biogenesis: exosomes (originated by the endolysosomal system, measuring 60-150nm in diameter),
microvesicles (direct budding from the plasma membrane, measure 100 – 1000 nm size) and apoptotic
bodies (released by dying cells, size >1μm). A very important feature of the EVs is the delivery of
information by horizontal transfer between the origin cell and the recipient one, evidence suggests that the
uptake of EVs by recipients’ cells can induce changes in their own characteristics and function. CAR T-
cells are genetically modified T-cells that express on their surface a Chimeric Antigen T-cell Receptor
(CAR) specific for a unique antigen expressed in the surface of tumor cells. Upon activation with several
molecules or cytokines, normal T-cells and CART-cells can express related co-receptors and derived
active T-cell biomarkers that will help them to perform a successful immunological synapsis (IS) within the
human body, and to induce a successful TCR activation for a subsequent intracellular signal and immune
response. For several years the study of EVs has brought to light one of their most important features, the
acquisition of the characteristics originally native from the donor cell by means of the expression of specific
proteins in their surface, and the subsequent phenotypical and genotypical modification on the recipient
cell after the uptake of the EVs, using this property to our advantage, a successful EV protein surface
analysis could lead to the identification and future use of different biomarkers expressed by them to be
implemented as a diagnostic tool in the clinical field. Is in here where our work comes into play, the aim of
this thesis is the analysis of extracellular vesicles (EVs) derived from CAR-T cells, by the establishment of
a successful isolation method of EVs, and by the assessment of their surface protein signature, and the
presence of some molecular markers derived from T-cells.
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ABSTRACT 

Extracellular vesicles (EVs) conform a heterogeneous group of lipid bilayer membrane particles 

naturally released by cells. They vary in size, surface composition, mechanism of formation, 

biochemical content, and function within the human body. EVs are classified in 3 groups, depending 

on their size and biogenesis: exosomes (originated by the endolysosomal system, measuring 60-

150nm in diameter), microvesicles (direct budding from the plasma membrane, measure 100 – 1000 

nm size) and apoptotic bodies (released by dying cells, size >1µm). A very important feature of the EVs 

is their ability to deliver information by horizontal transfer between the origin cell and the recipient 

one, evidence suggests that the uptake of EVs by recipient cells can induce changes in their own 

characteristics and function. 

CAR T-cells are genetically modified T-cells that express on their surface a Chimeric Antigen T-cell 

Receptor (CAR) specific for a unique antigen expressed in the surface of tumor cells. Upon activation 

with several molecules or cytokines, normal T-cells and CART-cells can express related co-receptors 

and derived active T-cell biomarkers that will help them to perform a successful immunological 

synapsis (IS) within the human body, and to induce a successful TCR activation for a subsequent 

intracellular signal and immune response.  

For several years the study of EVs has brought to light one of their most important features, the 

acquisition of the characteristics originally native from the donor cell by means of the expression of 

specific proteins in their surface, and the subsequent phenotypical and genotypical modification on 

the recipient cell after the uptake of the EVs, using this property to our advantage, a successful EV 

protein surface analysis could lead to the identification and future use of different biomarkers 

expressed by them to be implemented as a diagnostic tool in the clinical field . 

It is here where our work comes into play, the aim of this thesis is the analysis of extracellular vesicles 

(EVs) derived from CAR-T cells, by the establishment of a successful isolation method of EVs and by 

the assessment of their surface protein signature together with the expression of some molecular 

markers derived from T-cells.  

 

 

 

 

 

 



 

2 
 

ACKNOWLEDGEMENTS  

 

First and foremost, I would like to express my sincere gratitude to my director Dr. Irina Nazarenko who 

made this work possible and for giving me opportunity to work alongside her, I would like to give her 

my warmest thanks for her guidance, patience, and immense knowledge. I would also like to thank 

my co-director Dr. Marisa Fernandez for her motivation, and enthusiasm during all the research and 

writhing of this thesis.  

I would like to thank to the IMBS program, to Dr. Borner and Dr. Mollerach for fighting to keep the 

master cohort on float during the difficult pandemic times, without you this, alongside other thesis, 

would not have been possible.  

I’m also grateful to all of those with whom I have had the pleasure to work during this project, to Tanja 

Gainey who guide me with patience and kindness, for her support and constant motivation. To Elena 

Grueso, who though me at the distance and to introduce me in this fascinating field of research, for 

her knowledge, disposition, friendship, and kindness. To Xu Cheng for all the wise advice, his 

committed help, and constant encouragement, he saved me more than once.  I thank my fellow lab 

mates Ramsha Masood, Melanie Shmämmle and Joanna Niermann, for the stimulating discussions, 

the fun adventures, and for the help through the eventual problems.  

I would like to thank my family and friends back in Mexico for all the support during this pass two 

years, to my mom and brothers, thanks for the constant encourage and unconditional love, without 

you I would not be here in first place. And thank you to the new friends that this master introduced 

me, Analia Rojas, Natalia Musco and Maria Jose Malleville for all the adventures in Buenos Aires and 

Freiburg to Mabel Budia for keep my nerves down and to always give me  advice in the moment where 

I need it the most, I will always keep you in my heart. 

Last but not least, I would like to give my special thanks to my husband Enrique, without you I would 

never even try to apply to this program. Thank you for your encouragement and unconditional love, 

to keep me on float and to give me strength when my body and mind were exhausted. Thank you for 

bearing with me the hardest times and to defeat together the obstacles.  I love you so much.  

Finally, I would like to dedicate this work to my dad, there´s no day that passes by and I don’t think 

about you. I know you were always with me; I hope you look down and smile to see me accomplishing 

this that was our dream. Que no se te olvide. 

 



 

3 
 

ABREVIATIONS AND SYMBOLS 

 

EV / EVs Extracellular vesicle / Extracellular vesicles  

CAR Chimeric Antigen Receptor  

IS Immunological synapsis  

TCR T-cell receptor 

DNA Deoxyribonucleic acid 

RNA Ribonucleic acid 

miRNA Micro ribonucleic acid  

ILV  Intraluminal vesicles  

MVB Multivesicular bodies  

ESCRT Endosomal sorting complex required for transport  

CD Cluster of differentiation  

MVE Multivesicular endosome  

MHC Main histocompatibility complex  

TNF Tumor necrosis factor  

TRAIL Tumor necrosis factor-related apoptosis-inducing ligand  

TEM Tetraspanin enriched domains 

GITR Glucocorticoid-induced TNFR-related protein  

NK Natural killer 

nm Nanometer 

APC Antigen presenting cell 

MMP Matrix metallopeptidase  

DC Dendritic cell 

scFv Single chain variable fragment  

CTL Cytotoxic T lymphocyte  
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NTA Nano tracking analysis  

ELISA Enzyme-linked immunosorbent assay  

AFC Automatic fraction collector  

SEC Size exclusion chromatography  

TEM Transmission electron microscopy  

PBMC Peripheral blood mononuclear cell 

FCS Fetal calf serum  

LAG-3 Lymphocyte activating gene 3 

PD-1 Programmed cell death protein 1  

CCM Cell culture media  

pg/mL Picogram per milliliter  

SEM Scanning electron microscopy  

ddH2O Double distilled water  

CTLA Cytotoxic T-lymphocyte-associated protein  

TIGIT T-cell immunoreceptor with Ig and ITIM domain  

BTLA B and T lymphocyte attenuator  
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INTRODUCTION  

 

1. The emergence of the study of extracellular vesicles  

In the late 1960s were published the first reports of what we today know as extracellular vesicles, or 

EVs. The very first publications introduce these small double membrane particles as “platelet-dust” or 

“matrix-vesicles”, considering them as “waste released by the cells”. It was not until 10 years later 

than the scientist started reporting them as “microparticles” and “microvesicles” with a possible 

biological impact within the human body. In the year of 1982, Harding et al. noticed the existence of 

small vesicles while studying the maturation of mammalian reticulocytes, and it was not until 1987 

that Johnstone et al. came up with the term “exosome” to name them. This new nomenclature, 

together with the basic understanding of how and which are the intracellular biogenesis pathways 

responsible for their formation, were the foundations of the study of the EVs. 1 

From that day on, the interest on this vesicles has grown and it has expanded through different 

branches of science, addressing the most common questions asked on the field, such as: which are 

the pathways involved in the EV formation, how their biogenesis affects the molecular and proteomic 

signature of the EVs, which are the effects in the human body after EV exposure, and the possible 

novel applications of EVs (as therapeutic option in treatment of some diseases), due to this and other 

reasons the relevance in the study of extracellular vesicles keeps expanding each year. 

 

2. Overview of Extracellular vesicles 

2.1 EVs: What are they? 

Extracellular vesicles or EVs, are lipid bound vesicles that are released by the cells into the extracellular 

space under normal and pathological conditions. These secreted EVs are heterogeneous in size, 

internal biochemical content and surface composition, the biogenesis pathways involved in their 

formation may also be different, leading to a further classification according to their subcellular origin 

and size. 1, 2, 3   

Normally, EVs are released by the donor cell and up taken by the recipient cell, this type of 

communication is known as “horizontal transfer”, this delivery will translate in diverse biological 

effects on the recipient cell depending on the EVs cargo and the surface proteins expressed in their 

membrane (tetraspanins, integrins, receptors, etc.) 2,3 (Fig 1). After their up-take by the recipient cells, 

the EVs will fusion with the plasma membrane releasing the inner encapsulated molecules inside the 

cell (such as transcription factors, DNA, RNA, proteins, lipids, oncogenes, miRNA, and long non-coding 

RNA) affecting in some level the state of the cell, either conferring them with new qualities or by 
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changing their migration and even growth. 4, 5, 6 The EVs can not only be up taken by recipient cells 

through direct membrane fusion but they can also use several mechanisms such as phagocytosis, 

endocytosis, pinocytosis, by using membrane nanotubes and tunnelling nanotubes, using the gap 

junctions of the cells, among other mechanisms.6 

 

 

Fig 1. Representation of EVs role in intercellular communication.  

EVs transfer information by horizontal communication. EVs are released by the donor cell into the 
extracellular space where they will be uptake by the recipient cells to finally induce a phenotypic 
change within the new cell.2 

 

 

Another exciting property of the EVs is their broad reaching sites to perform a cell contact, EVs not 

only will reach the cells near their releasing site, due their nano-scale size EVs can travel through the 

entire human body reaching places where large molecules or cells can’t (they can even cross the blood 

brain barrier), also, EVS can be found in the blood or in other bio-fluids such as saliva, breast milk, 

placenta, semen, just to name some examples. A very important feature of the EVs is their lipidic 

membrane, this will help them to protect their cargo from any degradation resulting of their trip 

allowing them to send the caring information to other parts of the human body.7 Several studies have 
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shown that the transfer of vesicles from one cell to another not only is a novel mechanism of cell signal 

transduction, but it also plays an important role in intercellular communication. Commonly, the 

biological functions of these vesicles will be ruled by their cargo but it also depends on the state of the 

origin cell and the characteristics that they will confer them.6, 7, 8 

 

2.2 EVs Biogenesis and size 

The main difference between extracellular vesicles lies not only in the characteristics transferred by 

their cell of origin (donor cell), the heterogeneity of these vesicles also goes hand in hand with the 

mechanisms that help their formation and subsequent release from the donor cells.  

To this day 3 different cellular routes by which vesicles can be released have been identified, each of 

these routes will confer the vesicles with unique characteristics and properties, allowing a more 

suitable nomenclature and classification in base of their size and mechanism of formation (Fig 2).7  

• Exosomes: Also known as intraluminal vesicles (ILVs), this are the smallest of all the membrane 

vesicles, they size range covers from 60 to 150nm of diameter, they originate by the 

endolysosomal system and they are released into the extracellular space with the help of the 

multivesicular bodies (MVB) after the fusion with the cell plasma membrane.7  

• Microvesicles: The microvesicles or ectosomes are the medium size vesicles, their size 

comprises a range between 100 and 1000 nm, the microvesicles buds directly from the plasma 

membrane, leading to the direct shedding of this vesicles to the extracellular space.7,9 

• Apoptotic bodies: These vesicles are released by the dying cells, they are formed when exist a 

rearrangement of the cytoskeleton during the cell membrane decomposition, they don’t play 

a role in the intercellular communication process, and they are the biggest vesicles of all (800 

to 5000 nm diameter). 7, 9 
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Fig 2. Biogenesis of extracellular vesicles (EVs) subtypes, exosomes, microvesicles and apoptotic bodies.  

Exosomes are formed by early endolysosomal pathways and are released when a multivesicular body 
(MVB) fuses with the cell membrane through exocytosis, size of exosomes goes to 60 through 150 nm 
diameter. Microvesicles are formed by the outward shedding of the cell membrane to the extracellular 
space, size range 100 – 1000nm. Apoptotic bodies are generated by cells that undergo apoptosis, size 
range 800 – 5000nm.9 

 

 

Several publications confirm that the mechanisms of biogenesis not only affect the size of the vesicles, 

but it can also aid in the understanding of their proteome composition. Doyle and Wang8 confirm the 

tagging of exosomes by means of different molecules, for instance, during the exosomal formation 

and their transport by the multivesicular bodies (MVB) the process is regulated by the ESCRT proteins, 

the complex formed between these proteins and some other accessory proteins (tsg101 and Alix), are 

expected to be present on the exosomes despite of their cell of origin. This will help to differentiate 

the exosomes from the rest of the vesicles released by the cell. Despite this, there are some other 

mechanisms of formation independent to the ESCRT one that will induce a different tagging that will 

be showed in the surface of the exosomes.10, 11 One of the molecules commonly expressed in the 

exosomes derived from T-cells is the cluster of differentiation 63 (CD63), which is reported to be 

present in the surface of exosomes but not for microvesicles, this is caused since this marker is found 
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in the limiting membrane of the T cell multivesicular endosome (MVE) helping to control their 

maturation and final release from the cell. The markers are linked to a network of proteins called 

tetraspanins, they will help vesicles not only to express receptors that allows the identification of their 

origin but will also confer them with activation or inhibition properties when get in contact with the 

receptor cells.10  

In general, the molecular markers expressed on the surface of the vesicles will be dependent and vary 

accordingly to the type of the cell that release them, the activation state of the donor cells, and of the 

pathology of the cell of origin (normal or malignant).  

 

2.3 EVs composition: Their cargo and surface molecules  

As we previously mention, EVs carries inside them a variety of biological information referred as 

“cargo”. The most common components found inside the EVs are DNA, RNA, proteins and lipids, and 

although exosomes and microvesicles cargo may vary, the nucleic acids, proteins, and lipids enclosed 

within their lipidic membrane will be involved in diverse biochemical and cellular processes specific 

for each vesicle. The cargo will vary depending on the cell of origin and the pathological state of the 

cell and will help to the transfer of new information among cells or to phenotypically modify the 

recipient cell after the EVs uptake. A well-known exosome database (exocarta) cites more than 9700 

proteins that have been identified inside the vesicles, some of this includes membrane proteins, 

cytoplasmic proteins, and endoplasmic reticulum related proteins. There also have been reported 

some metabolism related enzymes, signal transduction proteins, some histocompatibility antigens, to 

name a few.11 

As you already know by now, these proteins and cargo are not all the time the same for all the vesicles, 

in most of the cases the proteins will vary in accordance with the cellular source and the activation 

status of the cell during the EVs release. As an example, EVs may present specific receptors for antigen 

presentation (MHC class I and II), co-stimulatory molecules as CD83 and CD40, in the case of the B-cell 

derived exosomes the B-cell receptor (BCR) may also be expressed the same case for the T-cells (TCR). 

EVs also may contain cytokines together with their specific receptors (tumor necrosis factor-alpha 

(TNF-α) and tumor necrosis factor-alpha receptor (TNFαR)), and death receptors ligands this include 

FASL or TRAIL.6, 11,12 

Despite all their variation, EVs can contain common proteins that will aid to their further identification; 

this are frequently referred as “markers of vesicles”. Several proteomic and lipidomic analysis revealed 

that despite of the defined lipid and protein composition of EVs, they also carry highly rich domains 

of tetraspanins on their surface.8, 9 In humans, the tetraspanin protein family consist of 33 members, 
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they interact with their own kind and with other cytosolic and membrane proteins to create a unique 

domain called tetraspanin-enriched microdomains (TEM). Tetraspanins oversee the mediation of a 

whole gamma of processes such as immune activation, cell adhesion, tumor and immune cell 

extravasation, intracellular trafficking regulation, even virus entry. Evidence suggests that the TEMs 

are an important key in the sorting of intraluminal cargo and the secretion of exosomes.9, 12 This 

capacity of interact with the membrane molecules and to help with the organization of complexes in 

the cell membranes, confers them with the ability to modulate biological and pathological processes, 

in a few words, the tetraspanin web could be the key to decipher how genetic information and 

functional proteins are selected to cargo the EVs and to be transferred to the target cells.12 Together 

with all their functions, tetraspanins had been proposed and used for some years now as a method to 

differentiate EVs from non-EV isolated particles. The most common markers used are the tetraspanins 

CD9, CD63 and CD81 and CD82. It must be taken into consideration that not all this tetraspanins will 

be expressed at once in all the types of EVs, and that they are mostly enriched on vesicles than cell 

lysates (Fig 3).8  

 

 

Fig 3. Representation of EV composition. 

EVs contain several DNAs (dsDNA, ssDNA, mtDNA), RNAs (mRNA, miRNA, tRNA, snoRNA), proteins, lipids, and 
metabolites, at the same time may contain membrane proteins as tetraspanins (CD63, CD9, CD81), MHC 
molecules, integrins and ligands (Hh, PD-L1) among other components as EGFR or PDGFR receptors and flotillins 
derived from the donor cell.5 
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2.4 Characteristics and the immunological function of T-cell derived EVs 

The surface proteins expressed on the vesicles derived from T-cell will play a role in basic cell processes 

such as cell activation, proliferation, antigen presentation and some other effector functions when 

they get in contact with another cell, this proteins can be transferred to the vesicle after the cell 

activation by cell-cell contact or by the stimulus of some interleukins such as IL-2, the exosomes 

derived from this step will bear the CD63, CD2 and CD3 molecule on their surface but will exclude the 

marker CD28 and CD45.14 Other reports suggest that T-cell derived exosomes bear in their surface the 

cluster of differentiation CD2, CD4, CD8, CD11c, CD25, CD69, the glucocorticoid-induced tumor 

necrosis factor receptor (GITR), the MHC-I and MHC-II, among others.11 But they may also present 

some common proteins, such as CD81 and CD63, some luminal proteins, annexins and proteins 

involved in several immunological processes such as HLA-I and TCR/CD3. Other reports cite that 

exosomes derived from activated T-cells can also express on their surface the Fas ligand which will 

induce cell death.12,15, 16 

As is expected, once that the proteins expressed on the EV surface contact the recipient cell, will 

induce an immune response specific for the cell type and help to their regulation, for example Jurkat 

T-cell derived exosomes may express a ligand that will inhibit the cytotoxicity of natural killer cells 

(NK), but they can also regulate the proliferation and the physiological functions of the endothelial 

cells by the CD47 molecule. Also, T-cell can secrete CD63+ exosomes during the immune synapse 

formation (IS) to antigen-presenting cells (APCs) which will induce a unidirectional transfer of miRNAs. 

EVs of activated CD8+ T-cells will activate ERK and NF-kB in melanoma cells, leading to the increased 

expression of MMP9 and by this promoting a cancer cell invasion behavior on in-vitro studies. At the 

same time T-cell derived EVs can prime dendritic cells (DCs) for antiviral responses among other 

qualities.8, 15, 16, 17 

 

3. Chimeric Antigen Receptors (CAR)-T cells 

Chimeric antigen receptor (CAR)-T cell therapy is a personalized cancer treatment, were the T-cells 

from a patient are genetically modified to express an engineered T-cell receptor that will bind 

specifically to a surface tumor antigen. Although today exist a wide variety of chimeric antigen 

receptors (3rd generation so far), the extracellular domain of the first-generation CAR receptor is 

formed by the single-chain fragment variable (scFv) derived from variable monoclonal antibody and a 

spacer (Fig 4). The CAR´s recognize antigens that typically are expressed on the cell surface of the 

tumor cell, but with the advantage of not needing the antigen presentation by MHC as is the case of 

the common TCR´s.18  
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To produce the CAR-T, T-cells from the patient undergoing the treatment, are collected by 

leukapheresis followed by an isolation of the T-cells and a transfection with a non-viral or viral vector 

encoding for the CAR molecule. Finally, the transfected CAR T-cells are allowed to expand in-vitro and 

after some purification and quality control steps, the CAR T-cells are isolated to later be re-infused 

into the patient (Fig 5).19, 20  

 

 

Fig 4. Schematic representation of chimeric antigen receptor (CAR) structure. 

The extracellular domains of CARs consist of the single-chain fragment variable (scFv) from a monoclonal 
antibody, which will recognize the tumor-associated antigen (TAA). Although CARs molecules design has been 
evolving for several years, first generation CARs, are composed of the scFv extracellular domain, a hinge or spacer 
(to link the extracellular section to the transmembrane domain) and signal through the CD3ζ chain to confer T-
cell activation.18 

 

 

 



 

13 
 

 

Fig 5. Schematic representation of the production of CAR-T cells for is use as a therapy. 

The first step in CAR-T therapy is the collection of blood from the patient, the T-cells are harvested and transduced 
(by a viral or non-viral method) to create the “CAR-T cells”. The engineered cells are then propagated and after 
accomplishing some quality controls, the cells are infused back into the patient, this step is mostly accompanied 
by lymphodepletion prior to the infusion. 19, 20 

 

 

Currently, the CAR-T cell therapy is mostly used as a treatment for several subsets of B-cell leukemia 

or lymphoma, and even with their higher rate of effectivity, this therapy can show some limitations as 

a treatment option and induce some negative effects on the patients undergoing it. Among the 

limitations of their use are the reduced anti-tumor activity, the antigen scape on the patient’s body, 

the reduced CAR-T cell expansion during their production process, the restricted cell trafficking and 

limited tumor infiltration between the tissues, the host tumor microenvironment interactions with 

the CAR-T cells altering their normal function, among other aspects, to resume this, some of the most 

important considerations are explained in detail in Table 1.21 
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Limitation of CAR-T cell 
therapy 

 

 

Description 
 

Possible solution 

 
 

Antigen escape 

 

Tumors become resistant to a single 
antigen targeting CAR construct 

 

Optimize the selection of 
antigens to target, decreasing 
their escape mechanism and 
improve antitumor response 
 
 

 
 

Systemic toxicity:  
On-target off- tumor 

effects 
 

 
 

Solid tumors antigens are often 
expressed on healthy tissue at 

several levels 

 

Target of tumor-restricted post-
translational modifications.  
Select antigen capable of 
inducing sufficient antitumor 
efficacy with decreased presence 
in normal tissue 
 

 

 
Systemic toxicity:  

Chemokine release 
syndrome (CRS) 

Excessive cytokine production and 
massive in vivo T-cell expansion due 
extensively activated CAR-T cells, 
causing a severe hyper-
inflammatory syndrome in the 
patient, nausea, headache, 
tachycardia, hypotension, among 
others.  
 

 

 
 
 
 
 
 
 
 
 

CAR-T cell trafficking 
and tumor infiltration 

 

CAR-T cells limited ability to traffic 
and infiltrate in solid tumors (by 
immunosuppressive tumor 
microenvironment or natural 
barriers in solid tumors) 
 

 

 
 
 

Improve delivery route (local 
administration instead of 

systemic) 
 

 
 

Immunosuppressive 
microenvironment 

 

Presence of tumor facilitating 
cytokines, chemokines, and growth 
factors; Immune checkpoints 
pathways (PD-1 or CTLA-4) decrease 
antitumor immunity 

Immunotherapy with CAR-T cells 
and checkpoint blockades (PD-
1/PD-L1) will ensure T-cell 
persistence and correct function. 
Combining immunotherapy 
strategies may be necessary 
 
 

Table 1. Most common limitations of the CAR-T cell therapy.  

Although CAR-T cells have a chance in the treatment of certain hematological malignances, some obstacles 
remain. Issues as antigen scape, systemic toxicity presented by the patients (on-target off-tumor and CRS), 
decreased CAR-T cell trafficking and tumor infiltration, and immunosuppressive microenvironment are the most 
common restrictions presented by this therapy.21 

 

 

By all this reasons, the innovation of new treatments for several types of cancer, and the improvement 

of the existing therapeutic options that show a high anti-tumor activity with a decreased toxicity for 

the patients are more than necessary this days to overcome cancer.  

 



 

15 
 

3.1. The characteristics and function of CAR-T cell derived EVs 

CAR-T cell derived exosomes not only may display on their surface the normal T-cell receptors and 

surface proteins than the regular EVs, but this vesicles can also show the same characteristics as their 

donor cell. Want et al. 22 reports that EVs derived from CAR-T cells can contain immunostimulatory 

RNA which could be up taken in by the cells of the immune system and enhance endogenous immunity 

against solid tumors. After the analysis of EVs derived from CAR-T cells Fu et al. 23 reported that some 

exosomes isolated directly from the medium of the CAR-T cells may lose their targeting specificity due 

they lack of the antibody-derived scFv in the CAR structure of the T-cells. The researchers also prove 

the presence of the CAR molecule expressed on the surface of the isolated EVs, as well as CD63, CD3 

and CD57, they also report a high level of cytotoxic molecules, but the tetraspanins CD27 and CD28 

were expressed in low level together with a total abolishment of the immunological check point PD-1 

and CD45 RA.23  

 

3.2. A look into the future: The therapeutic value of CAR-T derived EVs 

As it was previously mentioned, CAR-T cell therapy is a promising method for cancer treatment, but it 

may present some major limitations. EVs are not only a unique way of intercellular communication, 

they also present some advantages, one of them (and maybe the most important one) is their 

nanoscale size, owing the fact that some released EVs can show the same anti-tumor properties as 

their donor cell, CAR-T cell derived EVs could also deliver anti-tumor agents to the malignant cells by 

reaching places whereas CAR-T cells can’t, being a suitable option to treat solid tumors. In theory, the 

EVs derived from CAR-T cells may express the engineered CAR receptor in the surface of the vesicles, 

conferring them with the same targeting antigen-specificity as the CAR-T cells but without the 

systemic toxicities caused by their parental cells (Cytokine Release Syndrome) improving and 

establishing the usage of this treatment in the clinics.24, 25  Although all this advantages of CAR-T cell 

derived EVs may look confident in their outcome, until today there is not enough information to 

support this hypothesis; Peters et al.26 evaluate the role of human T-cell derived exosomes in cytotoxic 

T lymphocyte (CTL)-target cell interaction. In their study, CTL-derived exosomes ensure the 

unidirectional attack and further damage in the targeted tumor cells. Until this day, the exact effect 

of CAR-T cell derived EVs is anticipated, but their cytotoxic property in antigen-targeted tumors is 

highly expected to function thanks to the help of their membrane surface molecules and cytotoxic 

content guarded in their intraluminal space.27 As an extra feature, in theory EVs can be designed at 

will and be loaded with additional molecules to induce a specific response to avoid tumor resistance 

and antigen escape. 
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OBJETIVES – AIM AND HYPOTHESIS   
 

The main aim of this work is the analysis of extracellular vesicles (EVs) derived from the Chimeric 

Antigen Receptors (CAR)-T cells.  

 

SPECIFIC OBJETIVES  

 

a. Optimize a method for EV isolation from cell culture supernatants of un-transfected 

T-cells and CAR T-cells under activated and un-activated conditions, using Size 

Exclusion Chromatography (SEC).  

b. Determine the SEC fractions containing higher particle yield using Nanoparticle 

Tracking Analysis (NTA) and asses the presence of non-EV contaminants.  

c. Determine the EV containing fractions by analysis of the EV biomarkers using the 

Enzyme Linked Immunosorbent Assay (ELISA) and determine their morphology by 

Transmission Electron Microscopy (TEM). 

d. Characterize the surface protein signature of EVs respecting the presence of 

functional biomarkers and immune check point receptors.   

 

HYPOTESIS  

 

● Activated T-cells and CAR-T cells produce an increased number of extracellular vesicles (EVs).  

 

● EVs derived of activated T-cells and CAR-T cells present on their surface vesicle biomarkers, T-

cell activation markers, immune check point receptors PD-1/LAG3, and T-cell derived vesicle 

markers. 
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MATERIALS AND METHODS  

 

1. MATERIALS  
 

1.1 Cell lines 
 

Cell line Description Culture conditions 

T-cells T-cells derived from peripheral blood 
mononuclear cells (PBMCs) from two 
healthy donors, Centre of Chronic 
Immunodeficiency – CCI, Freiburg, 
Germany 

Cultivation for 2 days prior to 
activation with anti-CD3/CD2/CD28 
(stem cell technology).   
 

CAR-T cells Primary CAR-T cells were generated 
from peripheral blood mononuclear 
cells (PBMCs), Centre of Chronic 
Immunodeficiency – CCI, Freiburg, 
Germany 

Culture media: 10% FCS EV-
depleted, RPMI + 1% Penicillin and 
streptomycin + 1% HEPES buffer + 
100µL IL-2, 50µL IL-15, 25µL IL-7), 
cultivation for 3 days before harvest 
of the supernatants.  

 

 

1.2 Media and supplements  
 

Product Description  Source 

Fetal Calf Serum 
(FCS) 

FCS heart inactivated.  
USA, PDD 

Institute for Transfusion Medicine 
and Gene Therapy, Uniklinik, 
University of Freiburg 

Activation of T-cells Beads α-CD3, CD2, CD28 
Immunocult “stem cell technology”.  
 

Institute for Transfusion Medicine 
and Gene Therapy, Uniklinik, 
University of Freiburg 

Growing media RPMI, 10% EV-depleted FCS, 1% 
Penicillin/streptomycin, 1% HEPES 
buffer, 100µL IL-2, 50µL IL-15, 50µL 
IL-7  

Institute for Transfusion Medicine 
and Gene Therapy, Uniklinik, 
University of Freiburg 
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1.3 Chemicals and reagents 
 

Product Source 

1x Phosphate Buffered Saline (PBS) Molecular biology department, Uniklinik, 
University of Freiburg 

NaOH 0.5M Carl Roth, Germany 

Sodium Azide 0,05% Sigma Aldrich, Germany 

0,1x Phosphate Buffered Saline (PBS) Molecular biology department, Uniklinik, 
University of Freiburg 

Glutaraldehyde 1% Department Exosome and Tumor biology, 
Uniklinik, University of Freiburg 

Uranyl acetate 1% Department Exosome and Tumor biology, 
Uniklinik, University of Freiburg 

1x HEPES buffer Biochrom AG, Department Exosome and Tumor 
biology, Uniklinik, University of Freiburg 

Ethanol 70% Liquid Production, Germany 

ddH2O Stakpure (0.2µm filter) Uniklinik, University of Freiburg 
 

 

1.4 Kits  
 

Product Source 

qEV-original, SEC column (35nm) Izon Science Ltd, Christchurch New Zealand 

MicroBCA protein assay Thermo Scientific, USA 

Human CD9 antigen ELISA kit MyBioSource, USA 

Human CD63 antigen ELISA kit MyBioSource, USA 

Human Lymphocyte Activation Gene3 Protein 
(LAG-3) ELISA kit 

MyBioSource, USA 

Human Programmed cell death protein 1 (PD-
1) ELISA kit 

MyBioSource, USA 

MACSPlex Exosome Kit, Human Miltenyi Biotec, Germany 
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1.5 Instruments  
 

Instrument Manufacturer 

Centrifuge Heraeus Megafuge 16R Thermo Scientific, Germany 

Ultracentrifuge CouITER Optima LE-80K Beckman Coulter, USA 

Hood SAFE2020 Thermo Scientific, USA 

Automatic Fraction Collector (AFC) IZON science, Christchurch New Zealand 

Fume hood Secuflow Waldner, Germany 

PHmeter Inolab pH level 1 WTW Weilheim, Germany 

Weighing scale  Sartorius, Germany 

Eppendorf Pipettes Research Plus Eppendorf, Germany 

Multichannel pipette Research Plus Eppendorf, Germany 

Ice making machine Ziegra, Germany 

Infinite M Plex TECAN plate reader Tecan, Switzerland 

ZetaView NTA Particle Metrix, Germany 

Timer clock Oregon scientific, USA 

Vortex mixer Heiddph Reax top, Germany 

Cell culture incubator (37°C, CO2)  Thermo Scientific, USA 

Fridge 4°C Bosch, USA 

-80°C freezer Eppendorf CryoCube Thermo Scientific, USA 

Electron microscopy Anatomy department, University of Freiburg, 
Germany 

 

 

1.6 Consumables 
  

Product Source 

Falcon tubes (15 mL) Corning Brand, Mexico 

Polypropylene conical falcon tube (50 mL) Corning Brand, Mexico 

Syringe (20mL)  Braun, Germany 

Pore filters millex (0.22µm) Merck Millipore Ltd, Ireland 

Disposable serological pipettes Cellstar,USA 

Serva proteus X-spinner 100kDa Ultra-filtration 
Tube 

ProteinArk, Germany 

Eppendorf tubes (0.5mL, 1.5mL, 2 mL) Alpha Laboratory, UK 

Micropipete plastic tips (200µL) Brand, Germany 

Micropipete plastic tips (1000µL) Brand, Germany 

Sterile insulin syringes (1mL), Omnifix 100 solo BRAUN, Germany 

Plastic microplates (96 wells) Greiner bio-one, Germany 

Parafilm Bermis Sigma Aldrich, USA 

Nitrite powder free examination gloves Micro-
Touch 

Nitra-Tex, China 

Glass flasks  Schott, Germany 

Grids TEM Department Exosome and Tumor biology, 
Uniklinik, University of Freiburg 
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2 METHODS  
 

2.1 Cell culture   

2.1.1 Cell lines, activation, and culture conditions  

Supernatants were produced and delivered by Dr. Jamal Al-ZuBi (Centre of Chronic Immunodeficiency 

– CCI, Freiburg, Germany). For their production, T-cells from peripheral blood mononuclear cells were 

isolated from 2 independent donors.  T-cells were activated the 2nd day after collection with beads 

anti-CD3/CD2/CD28 (stem cell technology), 1x106 cells were cultivated for 3 days before the 

transduction with the viral particles encoding the CAR construct (scFv, IgG hinge domain, CD28 

transmembrane, CD3ƺ signaling domain and co-stimulatory domains).  

CAR-T cells were cultured (10% FCS EV-depleted, RPMI + 1% Penicillin and streptomycin + 1% HEPES 

buffer + 100µL IL-2, 50µL IL-15, 25µL IL-7) for 3 days before 4mL media supernatant was collected. 

Before deliver, supernatants were centrifuge at 300xg for 5 minutes at 4°C to remove any cell 

presence.  After supernatant collection, cells were stained with anti-CD25 antibody (Miltenyi) to assess 

T-cell activation (assessed by Dr.Jamal Al-ZuBi).  

Medium activated and un-activated without cell presence was used as a control.  

 

2.2 Isolation of fractions containing EVs using Size Exclusion Chromatography (SEC) method 

As it was previously mentioned, all cells in the human body release extracellular vesicles; these EVs 

can vary in size and surface protein signature that provides them with unique properties. Another very 

important characteristic of EVs is their presence in a several biological fluids (such as blood, breast 

milk, semen, among others), at the same time each one of these fluids presents their own matrix 

characteristics as for example viscosity, density, etc.  

Due to this reason, is crucial to select a suitable isolation method for culture cell supernatant that 

allow a high particle recovery, being this the first and most important step to lead a further EV analysis. 

To solve this inquiry the literature was reviewed, a summary of the currently ongoing EVs separation 

techniques is presented on Table 2.40  

After revision, discussion and evaluating the laboratory research capacities, it was decided to proceed 

with Size Exclusion Chromatography (SEC)-based method to isolate the particles present on CCM 

supernatant.  
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Size exclusion chromatography (SEC), also known as gel-filtration, is a separation method that allows 

the fractionalization of molecules or particles according to their molecular size. When the sample is 

charged to the top of the SEC column, the particles go through it in different times according to their 

sizes, by this, the larger molecules (larger than the pore) go through the interspaces of the gel and is 

eluted first in the void volume, the smaller molecules penetrate in the gel, presenting more retention 

time and presenting latter in the fractions. In other words, larger molecules elute first, and smaller 

ones will elute last.67 

For preforming SEC, it was used the Automatic Fraction Collector (AFC) by IZON science. The AFC can 

collect the resulting fractions from the column by an automatic differentiation between the volume 

of void (no contain any EVs) and the volume of the fractions containing the EVs68. To perform the 

particle isolation, it was used the qEVoriginal 35nm column (IZON science) due the pore size range of 

the matrix is correspondent to the expected particle size of exosomes and microvesicles (capture 

range of the column: 35 to 350nm). 

4mL of cell culture media (CCM) supernatant was collected after 4 days of incubation and centrifuged 

at 300g for 5 minutes at 4°C to remove any cell presence on the media; after the sample was delivered, 

a second centrifugation was performed at 2000xg for 10 min at 4°C to remove cell debris. The total 

volume was recuperated and concentrate up-to 1 mL using an Proteus X-spinner ultrafiltration tube 

100kDa pore size, the centrifugation conditions were 1600xg for 10 min at 4°C. 500µL of the final 

concentrated volume was taken and charged into a SEC column (qEVoriginal 35nm, IZON science) to 

proceed with the SEC-based particle isolation, 3mL were directly eluted from the column and 

considered as void and the further 5 fractions (500µL total volume per fraction) were kept to assess.   

The void volume, the 5 fractions, the un-used concentrate sample and X-spinner flow through waste 

were analyzed by Nano Tracking Analysis (NTA) to estimate the particle number present on each 

sample during every step of the isolation process, only the void and the 5 SEC fractions were analyzed 

by MicroBCA for total protein concentration quantification. The Figure 6 shows the designed 

experimental workflow followed for each isolation.  
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Isolation technique Principle Advantages Disadvantages 

 
 
Sequential 
ultracentrifugation  

-Particles present 
different density and 
size.  
-Particles show different 
sediment speed under 
centrifugal force 
 

-Low cost 
 

-Low contamination risk 
 

-Suitable for large 
volume preparation 

-High equipment 
requirement 
-Labor intensive 
-Protein aggregation 
-Not suitable for small 
volume diagnosis 

 
 
Gradient 
ultracentrifugation  

After centrifugation in a 
dense medium, objects 
in a tube could stay in 
the position of the 
medium with similar 
density  

-High purity of products 
 
-Allows separation of 
sub-population of 
exosomes 

-High equipment 
requirement 
-Time consuming 
-Labor intensive 
-Not suitable for small 
volume diagnosis 

 
 
 
Ultrafiltration 

 
Using filter membrane 
with defined size-
exclusion limit or 
molecular weight cut-off 

 
-Low equipment cost 
 
-Fast procedure 
 
-Good portability  

-Moderate purity  
-Potential deterioration 
of particles induced by 
shear stress 
-Possible particle loss 
due to clogging of the 
membrane 

 
 
 
Size-exclusion 
chromatography  

 
 
After adding to porous 
materials, substances 
eluted out in accordance 
with their particle size, 
with big particles eluted 
earlier 

-High purity 
-Fast preparation 
-Keep native state of EVs 
-Good reproducibility 
-Potential for both small 
and large sample 
capacity 
-Capable of processing 
all types of samples 

 
-Relatively high device 
costs 
 
-Additional method for 
exosome enrichment is 
required.  

 
 
 
 
Polymer precipitation 

 
 
High hydrophilic water-
excluding polymers can 
alternate the solubility 
of EVs 

-Easy to use  
 

-Using ordinary 
equipment 
 

-Suitable for small and 
large sample volume  
 

-High efficiency  

-Contaminants of 
proteins aggregates and 
polymeric contaminants  
-Extended processing 
time 
-Require complicated 
clean-up steps  
-Can be presence of 
downstream analysis 
and quantification 

 
 
 
Immunoaffinity capture 

 
Based on specific binding 
between exosome 
markers and 
immobilized antibodies 
(ligands) 

-Suitable for separating 
various EVs 
 

-High purity EVs 
 

-Easy to use 
 

-No-chemical 
contamination 

-High-cost antibodies  
-Exosome markers must 
be optimized 
-Low processing volume 
and yields 
-Extra step for EV elution 
may damage native EV 
structure  

Table 2. Current methodologies for EV separation and isolation.40 

Before isolation of particles, the literature was reviewed to assess and select the most suitable isolation method 
for the isolation of vesicles based on the sample characteristics and our laboratory capacities.  
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Fig 6. Schematic workflow followed of sample handling and isolation of fractions to evaluate. 

4mL of CCM supernatant was obtained, two steps of differential centrifugation were performed to remove cells 
and cell debris present on supernatants. Proteus X-spinner 100kDa ultrafiltration tube was used for supernatants 
concentration up-to 1mL. Retentate was aliquoted on two Eppendorf’s containing 500µL each; aliquots were 
used to perform size exclusion chromatography. SEC conditions were: 3mL eluted void volume (no-particles 
expected), 5 fractions of 500µL each (particles expected at different concentrations).  
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2.2.1 SEC – qEVoriginal 35nm column preparation, sample loading and SEC fractions 

acquirement  

qEVoriginal 35nm columns were set in vertical position and equilibrated at room temperature for at 

least 40 minutes before use. Once it’s ready, the columns are rinsed with 20 ml of sterile and filtered 

(0.22µm) 1x PBS, the flushing step must be repeated with at least 30mL of buffer.  

500µL of concentrated EVs sample was charged into the column (minimal volume needed to preform 

SEC using qEVoriginal 35nm); 5 fractions of 500µL each were collected and 3mL of void was eluted and 

collected before the fractions isolation. After the fraction collection, the column was emptied and 

flushed with sterile and filtered (0.22µm) 1x PBS (45mL). Finally, 0.05% sodium azide was added into 

the column for further storage at 4°C until another use.   

 

2.3 SEC fractions particle number quantification using Nanoparticle Tracking Analysis (NTA) 

NTA is a method to visualize and measure nanoparticles in a suspension in a range from 10 – 1000 nm 

based on the analysis of Brownian motion. The particles in the sample are visualized by illumination 

with a laser beam. The size of each individually tracked particle is calculated, thus simultaneously 

allowing determination of their size distribution and concentration.28 

A 100µL aliquot of the isolated SEC fractions and void volume were taken and diluted 1:100 in 0.1x 

PBS to a final volume of 1mL to be injected into the equipment. All particle number determinations 

were performed by triplicates under the same SOP (sensitivity: 90, shutter: 70, minimum size: 10, 

maximum size: 100 nm, brightness: 30, cycle: 1, positions: 11). The videos obtained by the machine 

were analyzed by the ZetaView Software to define the particle number and size distribution of the 

isolated particles contained on each fraction. 

 

2.4 Total protein quantification of isolated SEC fractions using Micro BCA kit 

Protein quantification was carried out in accordance with the manufacturer’s instructions. MicroBCA 

kit uses bicinchoninic acid, which is a detergent-compatible formulation for the colorimetric detection 

(quantification) of total protein. In this reaction, the reduction of Cu+2 to Cu+1 of protein in an alkaline 

medium (biuret reaction) is measured. The cuprous cation (Cu+1) is detected by a reactive containing 

bibinchoninic acid (giving a purple coloration) formed by the chelation of two molecules of BCA with 

one Cu+1 ion.29 Preparation of the diluted albumin standard (BSA) was within the range of 200 – 0.5 

µg/mL. The SEC fractions, void and standard curve were evaluated in duplicates. The plate was read 

at 562nm by Infinite M Plex (Tecan) plate reader. The results were obtained subtracting the average 
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562nm absorbance reading for the blank standard from the reading of all the other individual 

standards and samples. 

 

2.5 Detection and quantification of surface vesicle biomarkers using the Enzyme Linked 

Immunosorbent Assay (ELISA) 

2.5.1 Estimation of the presence of CD9 antigen in isolated particles using ELISA 

One of the methods to differentiate EVs from non-EV particles is the detection of associated EVs 

biomarkers, the most common ones are CD9, CD63 and CD81. In this work is used the Human CD9 

antigen ELISA kit (MyBioSource) to identify the presence of the CD9 in the isolated fractions. 

The enzyme/linked immunosorbent assay (ELISA) is an immunological assay used to detect antigens, 

antibodies, and proteins in biological samples. The most common ELISA assay is the capture or 

“sandwich” ELISA, in were two antibodies (outer part of the sandwich) are used to detect the antigen 

or protein of interest (inner part of the sandwich). In this method, the ELISA plate is coated with a 

capture antibody specific to the antigen to interest present in the sample to analyze, any excess 

sample is washed from the plate to avoid misreading. After this reaction has occurred, the detection 

antibody is added to the plate, this antibody is labelled with an enzyme (Horse radish peroxidase or 

alkaline phosphatase). The function of the detection antibody is binding to any target antigen fixed to 

the plate. To make a final reaction, a substrate is added to the plate to produce a colored product 

which will be measured by a plate reader.30 The determination of the protein concentration in the 

sample will be given by the standard curve that uses a known concentration of antigens that can be 

calculated using the optical density (OD) (Fig 7). 

Each one of the SEC fractions was evaluated to quantify the presence of antigen of interest. The 

preparation of the reagents, samples and standard was carried out in accordance with manufacturer 

instructions, the Enzyme-linked immunosorbent assay (ELISA) plate has been pre-coated with the 

antigens of interest, the ELISA reagent was added to each well and incubated for 1 hour at 37°C. 

Washing step was provided 5 times, substrate solution A and B was added and incubate for 10 minutes 

at 37°C, finally acidic stop solution was added. The plate was read at 450nm by Infinite M Plex (Tecan) 

plate reader within 5 minutes after adding the stop solution to obtain the OD value. Standard curve 

and samples were evaluated in duplicates. 
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Fig 7. Summary of the principle of sandwich ELISA method.   

This assay is based on four main steps. First, the target antigen located on the surface of the EV must be captured 
by the immunoplate pre-coated with the antibody of interest. The excessive and unbound particles are washed 
out to avoid misreading; the sandwich is formed by the biotinylated antibodies reactive to specific antigen 
present in the sample. This construct is bounded to streptavidin-HRP and after incubation the unbound 
streptavidin-HRP is washed away during the washing steps. Finally, the substrate solution is added, and a color 
will develop in accordance with the amount of antigen present in the sample, the reaction will be stopped by the 
addition of the acidic stop solution and the absorbance is measured at 450nm.   

 

 

2.5.2 Estimation of the presence of CD63 antigen in isolated particles using ELISA. 

To identify the presence of CD63 in the fractions it was used the Human CD63 antigen ELISA kit 

(MyBioSource). The ELISA plate has been pre-coated with CD63 Ab, the preparation of the reagents, 

samples and standard was carried out in accordance with manufacturer instructions. Each one of the 

SEC fractions and standard (range of 0 -2000 pg/mL) was evaluated by duplicate to quantify the 

presence of antigen of interest. 100µL of standards and samples were added to the plate, the plate 

was covered with a sealer and incubated for 2 h at 37°C. After removal of any unbound particles, 

100µL of the biotin-conjugated antibody preparation specific for CD63 was added to all the wells 

followed by 1h incubation at 37°C. Washing step was provided 3 times by adding 300µL of the washing 

buffer and let it sit for 1:30 min, after that time any remaining buffer was removed by inversion of the 

plate. 100µL of Horseradish peroxidase (HRP) antibody was added and incubated for 1 h at 37°C, a 

second round of wash and decantation steps were repeated 5 times. 90µL of substrate solution was 

added to each well, the plate was sealed, protected from the light, and incubated for 10 min at 37°C, 

and finally 50µL of stop solution was added to each well. The plate was read at 450nm by Infinite M 

Plex (Tecan) plate reader within 5 minutes after adding the stop solution to obtain the OD value.  
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2.6 Assessment of the particles morphology using Transmission Electron Microscopy (TEM) 

technique.   

Electron microscopy (EM) as emerged as one of the most used methods to determine characteristics 

on individual EVs as size and morphology. EM techniques can be divided in scanning electron 

microscopy (SEM) and Transmission electron microscopy (TEM). Both uses an electron beam to obtain 

high resolution images of nanoscale objects. SEM creates an image by detection of the reflected 

electrons, while TEM uses the electrons that pass through the sample to create an image.31 Special 

specificity and features for both techniques are listed on Table 3. 

 

Feature TEM SEM 

Electrons type Transmitted electrons Scattered, scanning electrons 

Main provided 

information 

Inner structure of the sample 

(morphology, crystal structure and 

stress state) 

Sample´s surface analysis 

(roughness or possible 

contamination) and composition. 

Max. magnification  More than 50 million times Up to ~ 1-2 million times 

Optimal spatial 

resolution  

< 50pm have been reported ~ 0.5nm  

Type of image 2D projections  3D image  

Special requirements Samples must be thin (<150 nm) if 

high-resolution imaging is 

required less than 30nm. 

No specific requirement 

Sample preparation Complex preparation, 

trained/experienced users is 

required 

Little or no effort for sample 

preparation, easy to use 

Table 3. Summary of the TEM and SEM techniques. 

Individual characteristics of TEM and SEM techniques, both methodologies are different in their requirements 
and resolution. Literature was reviewed to assess their implementation in this work.  

 

 

The evaluation was performed only for the cell culture media supernatant correspondent for CAR-T 

cells under activated conditions, due the complexity and cost of this technique.  

All the steps were performed at room temperature and under the extraction hood. Coper grids were 

held with forceps taking care of place them with the glossy side at the top. 10µL sample drop (109 
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particles/mL) was applied on top of the grid for 5 minutes to allow adsorption. Carefully the copper 

grid was taken and transferred from the sample drop to 20µL drop pf 1% Glutaraldehyde and left for 

5 minutes. After this time the grid was washed with ddH2O by laying the grid on water drops for 30 

seconds each. After the washing, the grid was incubated for 1 min with 20µL of 1% uranyl acetate; 

finally, the grid was dried with the help of nitrocellulose paper. All the procedure was repeated for 

each one of the samples to evaluate. Image acquisition was performed by Zeiss transmission electron 

microscope in collaboration with Mrs. Sigrun Nestel, of the Anatomy department, Freiburg, Germany.  

 

2.7 Detection of surface functional biomarkers and immune check point receptors present on 

EV containing fractions  

2.7.1 Detection of T-cell activation markers, T-cell exhaustion markers and the surface 

biomarkers of isolated EVs using beads-assisted Flow Cytometry by MACSPlex 

Human Exosomes kit 

The EV analysis with any conventional flow cytometer can be a tricky technique to perform. The 

difficulty to studying EVs with flow cytometry lies in the small size of the EVs (Fig 8). Due EVs are 

smaller than the cells in size, flow cytometers can’t detect the EVs and perform a former analysis, to 

solve this burden, most of the researchers find useful to bind EVs to beads that are large enough to 

be detected by the flow cytometer32.  
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Fig 8. Graphical representation of the scale sizes of EVs, cells and antibodies. 

Image describes the size difference of vesicles and antibodies. The typical size of a laser intercept at the point of 
flow cytometric analysis is 10 -20µm, while exosomes and similar EVS are ~0.1µm.32 

 

 

A successful detection of EVs and EV-associated surface molecules requires the use of ligands that are 

specific to the EVs populations of interest; this will help to reduce the non-specific background caused 

by protein-binding beads or by other causes, ensuring a proper quantification of the ligands of interest 

present on each EV. Morales-Kastresana and Jones32 describe a method for using streptavidin-coated 

beads to capture biotinylated antibodies, the beads are washed to remove any unbound antibodies, 

the EVs are captured and the bead-bound EVs is stained with directly conjugated antibodies this 

principle is represented in Figure 9. 
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Fig 9. Representation of the EVs capture using a magnetic bead.   

The magnetic bead is coated with streptavidin that will link to a biotinylated antibody specific for an antigen 
present on the EVs surface, helping to fixate the EV to the bead. A florescent detection antibody will be added; 
this will be specific for an antigen present on the EV surface and create the signal that will be read by the flow 
cytometer.32   

 

 

The MACSPlex assay is formed by a cocktail of various fluorescently labeled bead populations that are 

defined as “capture beads” which will be identified by common flow cytometry technique. Each 

captured bead is coupled to a specific antibody that will bind to their corresponding exosomal surface 

epitope. The final formed complexes include the capture beads, the exosomes and the detection 

reagent included in the kit (Fig 10). The complexes are analyzed based on their fluorescence 

characteristics with the help of a flow cytometer (complexes and detection reagent). The obtained 

positive signals indicate the existence of specific surface epitopes in the exosomes contained on the 

sample.33 
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Fig 10. Schematic representation of the MACSPlex assay principle.33   

Capture beads contained in the kit are coated with 39 different epitopes. Isolated vesicles are added to the beads 
together with the detection cocktail containing CD9, CD63 and CD81 conjugated antibodies. After an overnight 
incubation of the mixture, the complex bead-exosome-Ab is analyzed using flow cytometry. Data analysis was 
performed by subtracting the normalized signal of theCD9, CD63 and CD81 signal. Data obtained by duplicates. 

 

 

The fractions that presented a higher particle yield (fractions 1 and 2) of all the supernatants were 

analyzed using MACSPlex. Due the particle number expected on those fractions wasn’t high enough, 

we decided to pool together 4 different isolates derived from 3 different biological replicates, to 

ensure the presence of vesicles in our sample and to reach a detectable signal in our readings. The 

assay was normalized using 0.253 vesicles 109 per supernatant. The preparation of the reagents, 

samples and standards was carried out in accordance with manufacturer instructions. 120µL of the 

MACSPlex exosome capture beads and 15µL of the detection reagent (CD9, DC63 and CD81) was 

added. Tubes containing the mix were incubated overnight at room temperature in the dark and under 

constant agitation. After this time, two steps of incubation at room temperature for 15 min after 

adding 500µL of MACSPlex buffer were performed, samples were centrifuged at 300x g for 5 min to 

finally obtain a pellet of EVs + capture beads, the supernatant was removed; data acquisition was 

made following the normalization factor of the mean derived from the signals obtain by CD9, CD63 
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and CD81 for each sample. The determination of the relative exosome marker level was made by 

calculating the ratio of the signal intensities of each sample.  

 

2.7.2 Detection of the immune check point receptor Programmed Death cell protein 1 

(PD-1) present on EV containing fractions using the Enzyme Linked Immunosorbent 

Assay (ELISA) 

Immune checkpoints are regulators of the immune system, and they play a crucial role in self-

tolerance within the organism, which means that they prevent the self-attack of the immune system 

to the normal cells present in the body; however, some types of cancer have developed the quality to 

protect themselves from attack by stimulating immune checkpoint targets. The microenvironment of 

the tumor is normally infiltrated with many different types of immune cells whose immune 

surveillance functions are often suppressed. The suppression of the signals is translated as the ways 

as tumor cells downregulate the activity of stimulatory immunoreceptors and upregulate the 

inhibitory immunoreceptors.34 

Until this day, several types of cancers are developing resistance to conventional treatment therapies 

as is chemotherapy. In most cases, the survival of these tumors is caused by checkpoint 

immunomodulation to maintain the imbalance between immune surveillance and the cancer 

proliferation.35  

T-cell activation is regulated by different processes, upon activation; co-inhibitory checkpoints (as PD-

1) are induced to regulate T-cells. PD-1 present an essential role in balancing the immunity, however 

during responses to tumors, PD1 expression can limit protective immunity.37 Tumor cells can express 

in their surface the ligand of PD-1 (PD-1L) that will bind to PD-1 on T-cells avoiding the killing ability of 

the T-cell. When PD-1L or PD-1 is blocked, this will allow the normal T-cell targeting ability to kill the 

tumor cell (Fig 11).  
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Fig 11. Representation of the function of Programmed Death cell protein 1 (PD-1) and its ligand PD-1L on final 

T-cell activity.37 

T-cells might express in their surface the PD-1 receptor under normal conditions. After blockade of PD-1 receptor 
expressed on the T-cells by Anti-PD-1 protein, the attacking and possible destruction of the tumor by the T-cells 
is expected, due the complex PD-1 and PD-1L (expressed on the surface of some tumor cells) is not formed the 
signal cascade is not activated inside the tumor cell.  

 

 

In 2011 the loss of immunologic control was confirmed as one of the emerging hallmarks of cancer, 

and in 1996 was proposed an immune checkpoint blockade as a strategy for treating cancer being 

anti-CTLA-4 antibody as the first one approved by the FDA to treat melanoma, the use of this blockers 

has been increasing till this days, extending the spectrum of inhibitory immunoreceptors used for 

therapy, some of this examples are PD-1, CTLA-4, LAG3, Tim3, TIGIT and BTLA to name a few.35 

To quantify the presence of PD-1 on each of the fractions with higher particle yield, it was used the 

two-site sandwich enzyme-linked immune-sorbent assay (ELISA) Human PD-1 kit (MyBioSource). 

Selected samples and standard curve (range 250 – 3.9 pg/mL) were evaluated according to the 

manufacturer guidelines in duplicates. Aspirate and wash each well repeating the process twice for a 

total of three washes, for this step it was used the Wash Buffer (250µL), after this it was removed all 

liquid by decanting the plate and blot it against clean paper towels. 100µL of each diluted standard 

and sample was added to each well, plate was sealed and incubate for 2 hours at room temperature. 
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After incubation time, plate was washed 3 times as before. After this, 100µL of diluted HRP-conjugated 

Human PD-1 detect antibody was added to each well, plate was sealed an incubated for 1 hour at 

room temperature. Another washing step was performed; next 100µL of HRP substrate (TMB) was 

added to each well, plate was protected from de light and incubated 15 min at room temperature. 

Finally, 50µL of stop solution was added to each well and a change of coloration was present (shifting 

from blue to yellow). Determination of the optical density (OD value) was obtained 10 minutes after 

adding the stop solution. The plate was read with a correction of wavelength set a 540nm, subtracting 

the readings value from the reading at 450nm, measurements were performed by Infinite M Plex 

(Tecan) plate reader. 

 

2.7.3 Detection of the immune check point receptor Lymphocyte Activating Gene 3 (LAG3) 

present on EV containing fractions using the Enzyme Linked Immunosorbent Assay 

(ELISA) 

LAG-3 forms part of the immunoglobulin superfamily is an important immune checkpoint with higher 

relevance in cancer. LAG-3 inhibits the activation of its host cells and generally promotes a more 

suppressive immune response, as for example in T-cells, LAG-3 reduces cytokine production and 

proliferation, while encouraging T-cell differentiation.38 

Immunotherapeutic ways to develop tumor-specific memory T-cells and overcome inhibitory 

mechanisms in the tumor microenvironment present the potential to increase anti-tumor immune 

and clinical responses. Until these days, one of the most effective therapeutic strategies is the 

modulation of the immune checkpoints, by regulating the balance between the immune response and 

the tolerance within the human body. The targeting the immune suppressive cells, blocking inhibitory 

molecules on suppressive/regulatory and tumor cells, and activating co-stimulatory molecules on 

effector cells also are a promising therapeutic approach to increase antitumor immunity and to 

improve therapeutic efficacy.39  As this day, there are not enough information about this exciting 

molecule, nor the accurate function and response within the cancer patients, due to this reason it was 

chosen this surface protein to perform a further evaluation of its presence on the surface of the EVs.  

To quantify the presence of LAG3 on each of the fractions with higher particle number, it was used 

the sandwich enzyme-linked immune-sorbent assay (ELISA) Human Lymphocyte activation gene 3 

protein (LAG-3) kit (MyBioSource). Selected samples and standard curve (range 20 – 0.05 ng/mL) were 

evaluated according to the manufacturer guidelines in duplicates. 50µL of standard and 40µL sample 

were evaluated, only to the wells containing the sample were added 10µL of anti-LAG3 antibody, then 

50µL of streptavidin-HRP was added to all wells (sample and standard), the plate was sealed and 
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incubate at 37°C for 1 hour. After incubation, the plate was washed 5 times with washing buffer 

(350µL) within a time of 30 seconds between each washing step. For the last washing step, the plate 

was decanted and blot into paper towels. 50µL of substrate solution A and B were added to each well, 

and plate was protected from the light and incubated for 10 min at 37°C. Finally, 50µL of stop solution 

was added until a change of coloration was present (from blue to yellow). Determination of the optical 

density (OD value) was obtained immediately after adding the stop solution. The plate was read at 

450nm within 10 minutes after the final step using an Infinite M Plex (Tecan) plate reader.  

 

2.8 Data analysis  

Data analysis and statistics (unpaired T-test) reported in this work was performed using GraphPad 

Prism version 9 software, Department Exosome and Tumour biology, Unikilinik, University of Freiburg.   
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RESULTS AND DISCUSSION  

1. Sample acquisition  

The cell culture media (CCM) supernatant was obtained in collaboration with Dr. Jamal Al-Zu´bi and 

the Centre of Chronic Immunodeficiency (CCI) Freiburg, Germany.  

 

2. Isolation method to purify particles present on cell culture media supernatant and particle 

number quantification 

To have a better understanding of the state of the supernatants as a starting point and to confirm a 

proper concentration of X-spinner ultrafiltration tube, we decided to assess the particle number of 

each supernatant on each step of the isolation process, to achieve this we use the Nano Tracking 

Analysis (NTA).  

The NTA analysis of the CCM supernatant samples after the centrifugation to remove cell debris, 

showed an enrichment of particles in comparison with the un-activated supernatants (Fig 12. A).  

Proteus X-spinner 100kDa ultrafiltration tube helps to concentrate the supernatants and to decrease 

the loss of particles by the 100kDa pore size filter by reducing the final volume of the retentate 

(concentrated sample) up-to 1mL, the assessment of the particle number by NTA analysis confirmed 

the increment in the number of particles in comparison of the initial state of the sample (Fig 12. B), 

finally the ultrafiltrate waste (flow through) presented less than 1x108 particles/mL, corroborating the 

proper concentration of the supernatants with minimal loss of particles on the waste (Fig 12. C). 
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Fig 6. Concentration of particles (particles/mL 109) present on the sample after different steps of the isolation 
process.  

A) Total particle number of the sample after cell debris removal (2000xg, 10 min, 4°C), B) Particle number of the 

concentrate supernatants after X-spinner 100kDa ultrafiltration tube, C) Particle number of the waste (flow 
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through) derived from X-spinner 100kDa ultrafiltration. The use of X-spinner 100kDa ultrafiltration tube helps to 

concentrate the particles present on supernatant samples with minimal particle loss in the waste of the tube.  

 

 

Once the CCM supernatants were concentrated and the enrichment of particles was verified, SEC 

isolation was performed for each one of the samples (SEC settings were previously mentioned) using 

500µL of retentate. The NTA analysis of the SEC fractions derived from the CCM supernatants revealed 

a successful isolation of particles confirming a proper performance of this method by showing a 

fractionalization of particles at different times. NTA revealed a different particle number per fraction 

and working together with SEC principle we can infer that each fraction contains particles with 

different sizes.  

Moving forward in the assessment of the enrichment of particles contained on supernatants and 

fractions, NTA analysis confirmed that fractions 1 and 2 presented a higher particle yield, regardless 

of the activated or un-activated conditions. Even though those two fractions were the ones with more 

particle number, it draw to attention that the rest of the fractions are not similar between the 

activated and un-activated groups (Fig 13A, 13B, 13C), at naked eye the activated condition increase 

the particle concentration in the CCM supernatants, to associate if the activation was in fact the cause 

of this response a T-test was performed for both conditions (activated and un-activated) and for the 

two fractions (fractions 1 and 2) of all supernatants.  

As is showed in the Figure 14, both fractions of the activated non-transfected T-cells and the CAR-T 

cells present a significant increase in the particle number when are compared with their control 

(activated media), this data support our hypothesis where the activation of CART and T-cells induces 

an increment in the particle number in both analyzed fractions. Unpaired T-test of the un-activated 

supernatants (NonTran and CART) reveals a significate increase in both analyzed fractions of the Non-

transfected T-cells (Fig 15 A1, A2), effect only showed in fraction 1 of the CART-cells (Fig 15 B1, B2).  

So far, our inferences of the activation step were supported by this data, and after a comparison 

between each non-activated cell group supernatant vs their activated one, the previous statement 

was once again confirmed. The fraction 1 from non-transfected T-cells (active vs non-active) showed 

a significant increase of particles in the activated condition (Fig 16 A1, A2), for the case of the CAR-T 

cells group (active vs non-active) this behavior was also observed in both analyzed fractions (Fig 16 

B1, B2). 
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Fig 7. Particle distribution and total number of particles among the isolated SEC fractions derived from 

supernatants.  

A) Total particle number derived from Non-transfected T-cells fractions under activated and un-activated 

conditions. B) Total particle number derived from CAR-T cells fractions under activated and un-activated 

conditions. C) Total particle number from fractions derived from the media under activated and un-activated 

conditions. Data was obtained by three biological and technical replicates; graphs represent the mean of the 

values. 
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Fig 8. Fractions 1 and 2 particle number comparison between the activated non-transfected T-cells (NonTran-

Activ) and CAR-T cells (CART-Activ).  

T-test analysis of the fractions 1 and 2 of the activated non-transfected T-cells and CAR-T cells present a 

significantly increased difference between them when are compared with their activated control (activated 

media), A1) NonTran-Activ vs Med-Activ fraction 1, two-tailed p-value is 0.0010, 95% confidence interval. A2) 

NonTran-Activ vs Med-Activ fraction 2, two-tailed p-value is 0.0744, 95% confidence interval. B1) CART-Activ vs 

Med-Activ fraction 1, two-tailed p-value is 0.0002, 95% confidence interval. B2) CART-Activ vs Med-Activ fraction 

2, two-tailed p-value is 0.0007, 95% confidence interval. 
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Fig 9. Particle number comparison between fractions 1 and 2 of the un-activated non-transfected T-cells 

(NonTran-Unactiv) and CAR-T cells (CART-Unactiv).  

Unpaired T-test analysis of the fractions 1 and 2 of the un-activated non-transfected T-cells and CAR-T cells. Both 

fractions of the NonTran-Unactiv group present a significant increment of particles when are compared with 

their control (un-activated media). A1) NonTran-Unactiv vs Med-Unactiv fraction 1, two-tailed p-value is 0.0256, 

95% confidence interval. A2) NonTran-Unactiv vs Med-Unactiv fraction 2, two-tailed p-value is 0.0006, 95% 

confidence interval. B1) CART-Unactiv vs Med-Unactiv fraction 1, two-tailed p-value is 0.0195, 95% confidence 

interval. B2) CART-Unactiv vs Med-Unactiv fraction 2, two-tailed p-value is 0.0767, 95% confidence interval. 
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Fig 10. Particle number comparison between activated and un-activated Non-Tran and CART supernatants.  

Activation by beads (anti-CD3, CD2, CD28) induces an increase in the production of particles in both non-

transfected and CAR T-cells.  A1) Fraction 1 of the Non-transfected T-cells showed a significant increase in particle 

number for the activated condition (two-tailed p-value:0.0423). B1) Fraction 1 of the CAR-T cells showed a 

significant increased particle number for the activated condition (two-tailed p-value: 0.0018). 

 

 

This evidence confirms that after TCR activation by the beads anti-CD3, CD2 and CD28 used during the 

cells culture process leads to an increase in the production of particles in both cell lines.  Fu W. et al.23, 

Blanchard et al.14, Tang XJ et al.27, and Jasper G. et al.41 reports the same behavior upon the activation 

of the cytotoxic T-cells under in vitro experimental conditions.     

Related to the fact that during a normal T-cell activation by an antigen peptide presentation not only 

the T-cell receptor comes into play to create a proper T-cell response, the co-receptors (CD3 and CD28) 

located in the transmembrane part of the lipidic bilayer of the cell also plays a role in the formation of 

the immunologic synapsis transferring the signal to the inner part of the complex. It comes to a sense 
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that after the use of the activation beads the TCR complex might be fully active, inducing the 

production of this particles as a response to a proper intracellular signal23, if we translate this action 

to an immunological reaction, we could expect the development of a cytotoxic response against 

strange peptides. Of course, this response will only be present if in fact this isolated particles are 

vesicles, although is too early to this speculation, the idea of a proper immunological function is on 

the table for further asses in the future.  

Even though the presence of particles was distributed among all the 5 fractions, the increase of 

particles in fraction 1 and 2, together with the technical principle of SEC-methodology 

(fractionalization of particles in accordance with their size), support the idea that those isolated 

particles presented similar particle size distribution. To confirm this hypothesis, all the fractions were 

analyzed by the Dynamic Light Scattering (DLS) method.  

Hartjes et al.72 recommend the use of DLS as a method for physical analysis of vesicles together with 

NTA. The authors consider that DLS over other methods when performing quantitative analysis of 

samples, another positive point that the authors mention is the simplicity and the speed of 

measurements carried out by the machine. 

Dynamic light scattering is a non-invasive technique for measuring the size of particles and molecules 

in a suspension measuring the Brownian motion principle. The DLS equipment measures particle size 

distributions of suspensions in a range of 0.8 – 10,000 nm and concentrations up to 40% by volume.42 

For this analysis, an aliquot was taken from each one the SEC fractions and the void volume, 20 µL of 

the sample was loaded on the surface of the sensor to allow the laser beam to pass through the 

suspension volume. Samples were measured using the same settings program (standard, shape: 

spherical, run time: 60 seconds, transparent, runs: 5). The size distribution analysis of the isolated 

particles from the NonTran-Activated supernatant fraction 1 confirms that all the isolated particles 

correspond to a similar size, keeping in mind that microvesicles are vesicles in a range from 100 to 

1000 nm in diameter7,9, we can state that some of this particles present the same expected size of the 

microvesicles, the distribution of the particles was compared with their respective control (activated 

medium), the DLS analysis of the NonTran-Activ particles isolated from fraction 1 showed an bell shape 

distribution of the particles unlike the activated media particles (Fig 17). Of course, is still too early to 

draw any conclusions of any microvesicles presence so far, the size is compatible between them and 

our isolated particles, to confirm the existence of EVs in our fractions we must move forward in the 

characterization of these particles by other methodologies.  
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Fig 11. DLS particle size distribution of fraction 1 NonTran-Activ and Med-Activ isolated particles.  

A) DLS analysis of isolated particles derived from the fraction 1 of the no-transfected T-cells under activated 
conditions (NonTran-Activ). B) DLS analysis of isolated particles derived from the fraction 1, medium under 
activated conditions (Med-Activ). Isolated particles obtained in NonTran-Activ are in a range from 100 to 1000nm 
diameter (vesicle expected size), in difference than the media only where the isolated particles don’t distribute 
homogeneously through all the range of size. SOP: standard, shape: spherical, run time: 60 seconds, transparent, 
runs: 5. 

 

 

3. Total protein quantification of isolated SEC fractions 

After the quantification of the particles contained on each fraction, we continue the analysis by 

evaluating the total protein contained on them. Protein quantification among SEC fractions helps us 

to differentiate between a well performed particle isolation and an inadequate one, while NTA 

measurement only help us to quantify the total particle number present in a suspension, does not 

help us to differentiate the origin and composition of the isolated particles and do not distinguish 

between other co-isolated particles (protein aggregates and lipoproteins) and EVs.69, 70  

To confirm that we are not isolating and measuring any other kind of particles such as protein 

contaminants, we performed a MicroBCA evaluation (Thermo Scientific, USA) to quantify the total free 

protein concentration. This assay detects the free protein and the protein of the vesicles itself, 

evidencing a successful and proper isolation of vesicles when decrease the protein levels contained 

per fraction. 

Franquesa et al.70, together with other authors state the importance to select a proper purification 

method to differentiate between non-EV material and pure isolated EVs.  Although Brennan et al.71, 

recommend the implementation of more than one purification method to remove any protein 

contaminants existing on the sample to analyze, they recognize the risk of this approach due the loss 

of particles caused by an extra purification step is highly expected. Based on the properties of our 

supernatants and the particle number contained on them, we decided to proceed with only one 

purification step implemented by the SEC column and the pore size of the column matrix (35 - 350nm).  

A B 
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As the Figure 18 shows, the protein levels arise in fractions 4 and 5 in all supernatants despite the 

activation state. Our results suggest a proper purification of vesicles and separation of non-EV material 

contaminants on the assessed SEC fractions. This result was observed by a difference in the protein 

concentration on the fractions, when they contain an increased particle yield, they show a decreased 

protein concentration, and the other way around, when low particles are expressed, more protein is 

detected. In our isolates the two last fractions the protein concentration increases abruptly by two 

times fold.    

It was also demonstrated to us that SEC method has an optimal performance during not only the 

isolation of particles but also to their purification. Total protein quantification not only help us to 

assess the supernatants content, but also lead us to a further analysis of the biochemical content of 

the fractions, both are huge advantages when analysis of EVs is carried on.72 
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Fig 12. Total protein quantification (ng/mL) on isolated SEC fractions of activated and un-activated non-

transfected T-cells and CART-cells. 

Assay supports a proper separation of particles from protein contaminants contained on each fraction. The 
detected protein in fractions 1 to 3 correspond to the protein of the vesicles, while the protein detected in the 
last two fractions correspond to the free protein, both particle number and protein concentration are not 
increased at the same time, confirming a successful isolation and purification of particles. A) Total protein 
quantification of Non-Transfected T-cell fractions. B) Total protein quantification of CAR-T cells fractions.  
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4. Detection and quantification of surface vesicle biomarkers CD9 and CD63 of isolated SEC 

fractions  

CD9 and CD63 are two of the most cited vesicle biomarkers; their presence on vesicles can help us to 

differentiate them from the rest of the co-isolated non-EV material. Due to this reason we wanted to 

detect and quantify the amount of both markers on each one of the isolated fractions to confirm the 

existence of vesicles and identify which fractions contains them.  

 In this quantification the analyzed fractions are derived from one single isolation (500µL retentate) of 

one biological replicate (Fig 19). The ELISA protocol for both biomarkers was followed step by step 

based on the manufacturer specifications. 

 

 

Fig 13. Isolation scheme of fractions used to evaluate CD9 and CD63.  

To quantify CD9 and CD63 biomarkers the fractions to be analyzed were derived from one biological replicate 
of cell culture media supernatants for each one of the cells and activated and un-activated conditions. SEC 
conditions were: 3mL void volume, 5 fractions of 500µL each.  
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Figure 20 represents the amount of CD9 and CD63 contained on each fraction. The marker CD9 was 

observed on the fractions 2 and 3 in the NonTran-Activ group, and in the fractions 1 through 3 of the 

CART-Activ group, in both cases the signal was present in the fractions that showed an increased 

particle yield (Fig 20 A). In the case of the biomarker CD63, the signal was only detected in the fraction 

1 for the non-transfected activated T-cells, in case of CART-cells fractions, the marker was observed 

on 1 and 2. As an only exception, the CART-unactive group showed a signal in fractions 1, 2 and 4 

(Figure 20B). Both markers were undetectable for the rest of the un-activated fractions derived from 

supernatants.   

Although the used ELISA method in this work had a detection sensitivity of 0.002 ng/mL for the 

quantification of both biomarkers, the low signal detected in CD63 ELISA together with the lack of 

signal of both markers in the non-activated supernatants made us think that the number of vesicles 

per fraction was not enough to ensure a proper detection by our method. Due to this reason, we 

decided to pool the fractions derived from 3 isolations and 3 different biological replicates, to achieve 

this we used once again the X-spinner 100kDa ultrafiltration tube to concentrate the entire volume 

(1.5mL total, 500µL per isolated fraction) to a final volume of 300µL, allowing us to ensure an 

enrichment of vesicles on each fraction, a further description of the isolation and pooling process is 

described by Fig 21. 

After the pooling of the fractions, CD9 was detected in all the un-activated supernatants. CD9 was 

present in fractions 1 through 4 of the NonTran-activated and un-activated in detectable limits 

(minimum detected 2 ng/mL), and it was detected in fractions 1 through 4 for the CART-Activ and in 

fractions 1 and 3 for the CART-Unactiv (Fig 22A). CD63 was detected also, for the no-transfected T-

cells the signal was present on fraction 2 for both activation conditions, in the case of the CART- cells 

supernatants, the signal was only detectable for the active CART with a higher signal in the fraction 2 

(Fig 22B).  

So far, the signals of both markers correspond to the fractions that present a higher particle yield, 

supporting our hypothesis that vesicles are in fact isolated from the fractions with increased number 

of particles. Although the signal from the medium was subtracted on each data analysis, some of the 

vesicles derived from the FCS contained in the medium could emit the signal belonged to the fraction 

4, where the higher number of vesicles derived from the media are isolated, explaining the detection 

of the marker in that fraction.  
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Fig 14. Quantification of CD9 and CD63 using sandwich ELISA.  

CD9 and CD63 signals are obtained in the same fractions that contain a higher particle yield for the activated 
conditions in both cell lines. Isolated vesicles derived from non-activated conditions don’t present any signal. 
Results obtained by one isolation of one biological replicate. Presented data correspond to the mean of the 
values, two technical replicates.  

 

 

Although the used ELISA method in this work had a detection sensitivity of 0.002 ng/mL for the 

quantification of both biomarkers, the low signal detected in CD63 ELISA together with the lack of 

signal of both markers in the non-activated supernatants made us think that the number of vesicles 

per fraction was not enough to ensure a proper detection by our method. Due to this reason, we 

decided to pool the fractions derived from 3 isolations and 3 different biological replicates, to achieve 

A 

B 



 

48 
 

this we used once again the X-spinner 100kDa ultrafiltration tube to concentrate the entire volume 

(1.5mL total, 500µL per isolated fraction) to a final volume of 300µL, allowing us to ensure an 

enrichment of vesicles on each fraction, a further description of the isolation and pooling process is 

described by Fig 21. 

After the pooling of the fractions, CD9 was detected in all the un-activated supernatants. CD9 was 

present in fractions 1 through 4 of the NonTran-activated and un-activated in detectable limits 

(minimum detected 2 ng/mL), and it was detected in fractions 1 through 4 for the CART-Activ and in 

fractions 1 and 3 for the CART-Unactiv (Fig 22A). CD63 was detected also, for the no-transfected T-

cells the signal was present on fraction 2 for both activation conditions, in the case of the CART- cells 

supernatants, the signal was only detectable for the active CART with a higher signal in the fraction 2 

(Fig 22B).  

So far, the signals of both markers correspond to the fractions that present a higher particle yield, 

supporting our hypothesis that vesicles are in fact isolated from the fractions with increased number 

of particles. Although the signal from the medium was subtracted on each data analysis, some of the 

vesicles derived from the FCS contained in the medium could emit the signal belonged to the fraction 

4, where the higher number of vesicles derived from the media are isolated, explaining the detection 

of the marker in that fraction.  

Although the pooling and concentration of the fractions aids to the detection and to the improvement 

of the signal to in fact evidence the existence of both markers on each fraction, the amount of 

detected CD63 was not enough to strongly conclude the presence of this marker among the fractions 

in all the supernatants. Nevertheless, CD9 marker was present in detectable levels after the pooling 

and concentration of fractions. The low CD63 signal could not only be caused by lack of this marker 

on the vesicles but could also by the low specificity of the antibody used in this evaluation. It is 

recommended another assessment changing the antibodies and improving the detection limits, an 

extra isolation could be pooled to increase particle concentration as well.  

Even though some reports identify the presence of CD63 for T-cell derived vesicles, Théry C. et al.43 

publications evidence that the expression of this marker on EVs is dependent of several factors, such 

as the cell state of the donor cell, even the cell type might modify their expression, not to mention 

that CD63 marker could be strongly related to the vesicle biogenesis pathway as is expressed by 

Cashikar et al.73 We must remember that although CD9, CD63 and CD81 can help to discriminate EVs 

form non-EV material; this does not assure that all vesicles will contain these 3 proteins on their 

membrane, nor a defined concentration of any of these markers per individual vesicle.43 
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On the other hand, Reyes R. et al. 45 confirms the expression of CD9 in several subsets of leukocytes, 

due CD9 is a tetraspanin in charge of many cellular activities as signaling, proliferation, activation, 

migration, invasion, adhesion, among others. The authors report that CD9 expression in vesicles is not 

only defined by the characteristics of their cell of origin, this marker can be also attached to the EVs 

during their formation process by their biogenesis pathway when is released from the cell.  

This idea is also confirmed by Mathieu et al. 44 they studied the nature of EVs derived from HeLa cells 

by the content of different tetraspanins expressed on their surface, in this publication the tetraspanins 

CD9 and CD81 were associated to the microvesicles, while CD63 was expressed on the vesicles derived 

from endosomes (or exosomes). 

Other authors such as Jankovičová J. et al. 46 also emphasize in the large difference between the 

tetraspanin profile that vesicles can contain, their statement declare that EVs released by different 

cell types and/or the same cells can differ quantitively and qualitatively in their tetraspanin profile, 

this supports the fact that heterogeneity among individual EVs may contribute to the cellular 

responses caused after their uptake by the recipient cell.  

As a final point, the gained experience of isolating vesicles from several biological replicates during 

the experimental work of this thesis demonstrate us more than once the fact that each biological 

replicate variates between them, not only in the particle concentration, but apparently it also varies 

in the number of vesicles contained per fraction and the characteristics that this vesicles might show.  

An alternative to overcome this situation in the future could be the enlargement of the produced 

supernatant by means of extension of cell cultures to obtain higher volumes of the same biological 

replicate supernatants, avoiding by this more variation in the vesicles content and surface protein 

signature.  
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Fig 15. Pooling and concentration of fractions isolation scheme.  
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The analyzed fractions were derived from three different cell culture media supernatants, the fractions 
correspondent to the same cell line (Non-transfected T-cells, CART-cells) and activation condition were pooled 
together to achieve a total volume of 1.5mL. The pooled 1.5mL volume was concentrated up-to 300µL using an 
X-spinner 100kDa ultrafiltration tube, the concentrated retentate sample was used to perform CD9 and 
CD63quantification using the ELISA sandwich method.   
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Fig 16. Quantification of CD9 and CD63 on pooled/concentrated fractions using sandwich ELISA. 

Evaluated sample was obtained by pooling and concentration of three isolations obtained from three different 
biological replicates. Biomarker CD9 was detected in both cell lines and activation states. CD63 was detected 
under activated and un-activated conditions in Non-Transfected T-cells, while it’s only detected in the CART-cells 
under activation state. Showed data correspond to two technical replicates; expressed data correspond to the 
mean of the values. 
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5. Assessment of the particles morphology using Transmission Electron Microscopy (TEM) 

technique 

TEM is a technique that helps us to visualize and by this corroborate the vesicle presence in isolated 

samples. So far, we have only quantified the particle number and even though we already confirm 

with help of MicroBCA assay the successful isolation of particles with a diminishment of possible 

protein contaminants, we still need to confirm if these particles are in fact vesicles. We can achieve 

this aim by two different manners, we can analyze the biomarker presence on each fraction using 

different methodologies as we already proved by ELISA (other methods are: flow cytometry, western 

blot, ELISA, etc.) or we can confirm their existence by imaging of the vesicles. Both alternatives are 

approached in this thesis. 

The use of TEM not only helps us to analyze the morphology of the vesicles, but it also helps us to 

define the size of the isolated particles.31  

Chuo et al.75 together with Rikkert et al.76 confirms that TEM is the most common imaging 

methodology used for EVs visualization and further characterization. TEM is used to describe a 

detailed structural characteristics and further information of EV surface composition, not only size.  

The reports of Noble et al.77 and Cizmar-Yuana78 describes the TEM imaging of the isolated EVs as 

double layer vesicles with heterogeneous sizes that will lead to a deeper classification after further 

assessment.  

The assessment by Transmission Electron Microscopy of our supernatants, imaging revealed double 

membrane structures contained on fraction 1 of the CART-Activ supernatant, this fraction displayed 

an increased particle number and low protein concentration in previous assessments. Although no 

other double membrane structures were observed in fraction 2 or 3, the existence of vesicles is 

supported by this evidence.  

As Figure 23 reveals, the small double membrane particle is about 100nm diameter. If we focus only 

in the fact that the isolated vesicles are in a range of 100 – 200 nm1,7,9, it will be easy to infer that our 

isolation method allows the recovery of microvesicles which are in the exact range of length, of course 

is still too early to conclude this statement based on the evidence we have so far, to do so we need 

more evidence and the use of other methodologies.  

In our evaluation, the number of double membrane structures was not sufficient to strongly conclude 

the presence of the vesicles of interest; this might be caused by a lack of concentration and pooling of 

fractions during this evaluation. For improvement of further analysis in the future, it is recommended 
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the enrichment of particles as described before (CD9, CD63 quantification) to successfully observe 

more structures and strongly conclude the insolation and presence of vesicles in the selected fractions.  

 

Fig 17. Isolated double membrane structure contained in fraction 1 of CART-Activ supernatant. Presence is 
confirmed by Transmission Electron Microscopy.  

The isolated double membrane particle is in a range of 100 – 150nm, showing the same expected size than 
microvesicles. Particle was isolated from fraction 1 of the CART-Activated CCM supernatant. Particle isolated 
from one biological replicate, non-pooled nor concentrated sample.  

 

 

6. Detection of surface functional biomarkers (T-cell activation markers, TCR co-receptors) and 

immune check point receptor presented on EV containing fractions  

6.1.1 Detection of T-cell activation markers and TCR co-receptors. 

To assess the presence of derived T-cell markers on the surface of the isolated EVs, we used a beads-

assisted flow cytometry technique previously described. The results obtained demonstrate that the 

isolated vesicles from the 4 different CCM supernatants bear important T-cell biomarkers, at the same 

time vesicles derived from activated CART-cells and non-transfected T-cells possess specific T-cell 

biomarkers acquired upon activation by CD3 and CD25 beads, the same ones used in the culture of 

our cells. Negative controls were added to validate the obtained results; no signal was detected for 

the specific B-cells markers contained in the kit, confirming the stripe of our vesicles (Fig 24). 
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 Fig 18. Detection of derived functional T-cell biomarkers on the surface of isolated vesicles.  

Isolated particles express T-cell derived markers in charge of different T-cell cellular processes such as: activation 
(CD3, CD2, CD44, CD45 and CD25), cell adhesion (CD2), co-receptors of T-cells (CD4, CD24 and CD8) and inhibition 
of apoptosis (CD29), together with vesicle biomarkers such as CD9, CD63 and CD81. The determination of the 
relative exosome marker level was made by calculating the ratio of the signal intensities of each sample, the 
results are expressed by percent, and the assay was carried out using two technical replicates. 

 

 

Reports of Oba, Ryutaro et al. 47 associate the cluster of differentiation CD3, CD4 and CD8 to function 

as co-receptors of T-cells and also to their couple with the T-cell receptors (TCR), in more detail, CD3 

is in charge of inducing the activation of the cytotoxic T-cells (CD8+ naïve T-cells) and the T Helper T-

cells (CD4+ naïve T cells) during TCR signal transduction,  the co-receptor proteins CD4 and CD8 are in 

charge to bind to the MHC-II or MHC-I to facilitate the activation of T-cells after their adhesion with 

APCs as is described by Tak W. et al. 48 Our results demonstrate that CD8 (mostly co-receptor of T-

cells) is highly expressed for the CART-cells regardless their activated condition, while CD3 is increased 

in the NonTran-Activ derived vesicles evidencing and confirming the activation effect caused by the 

beads during the cell culture.  

As Hünig T. et al.74 states in their publication both markers CD2 and CD25 are strongly related to the 

activation of the T-cells, in our case CD2 is more expressed in the vesicles derived from the un-

activated cells, this could be related to the fact that CD2 is mostly located on the surface of the T-cells 

due their functionality as an adhesion molecule, this suggest that there is a slight possibility that those 

isolated vesicles could be in fact microvesicles, and due they bud directly from the plasma membrane 
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of the cells, the probability to bear CD2 is more likely than in the case of the exosomes freed by the 

activated cells.  

Our isolated vesicles express an increased positive signal for CD25 in both active cell types; this 

corresponds with a previous activation assessment in cells performed by Dr. Jamal Al-ZuBi before the 

CCM supernatants were delivered to our department. The previous T-cell activation revealed that non-

transfected T-cells (1.2 – 1.4x106 cells/mL) and CART-cells (1.5x106 cells/mL) before activation showed 

less than 10% of CD25+ cells, an effect that after activation with anti-CD3/CD2/CD28 beads, CD25+ 

cells increased up to an 80% in both cases, this assessment was performed using 3 independent 

experiments, the collection of transfected and non-transfected T-cells was made from 2 independent 

donors.  

Our results suggests that CD25 marker can be transferred to the vesicles by the cells of origin, although 

we still don’t know which type of vesicles are the ones bearing this tetraspanin, this opens a query for 

the study of intracellular trafficking of CD25 and their deliver to vesicle types. Reports by Akihiro T. et 

al. 49 confirm the presence of CD25 on vesicles and state the critical role that this molecule plays during 

activation and proliferation of T-cells11.  

Our results after the assessment of the vesicle biomarkers CD9, CD63 and CD81; indicates that CD63 

and CD81 are expressed on the isolated vesicles; both markers were found increased on the non-

transfected derived vesicles.  Zoraida, et al. 13 and Blanchard, et al.14 confirms that CD63 and CD81 are 

expressed on vesicles after activation with CD3. Even though CD9 was not entirely detected by this 

assay, there is a slight signal only in the NonTran-Activ vesicles. The obtained results using beads-

assisted flow cytometry are more coherent and supported by the literature than the previously 

obtained by ELISA, due the CD9 biomarker is frequently reported to be expressed by T-cells, but not 

enough information is found regarding the transfer of the marker to the vesicles. The difference in our 

results could be caused by the unspecific binding of antibodies during our ELISA assays causing a false 

positive signal. This new information helps us to understand which one is the best approach for the 

assessment of EVs derived from CAR and normal T- cells.  

A few information is founded regarding the presence of CD24 in vesicles derived from T-cells, normally 

CD24 is a marker for differentiation of cells and it can act as a co-stimulation for T-cells (non-lymphoid 

organs),other studies demonstrate that CD24 is an important genetic checkpoint for homeostasis and 

autoimmune diseases.50 Keller et al. 51 studied the CD24 as a marker of exosomes secreted into urine 

and amniotic fluid, in this paper the authors report that CD24 is nor essential for the formation and 

consecutive release of exosomes, but they propose this marker as a convenient molecule to identify 

vesicles. In our case, this marker was expressed on all the isolated vesicles derived from all the 
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supernatants without any discrimination of their active state although vesicles derived from CART-

cells express the higher levels of this marker, maybe this is related to the fact that CD24 is quickly 

induced after the activation of TCR-CD3 complex, despite the maturation state of our cells as is 

reported by Li O, et al.52 In spite of all our speculations, the role of CD24 on T-cells is still largely 

unknown when literature is reviewed. 

CD44 is also an important activation marker on T-cells, reports by Schumann J., et al.53 and Baaten BJG, 

et al.54 state that CD44 marker can help to differentiate memory and effector T-cells from the naïve 

ones, helps in the regulation of cell adhesion and migration, and it can amplify T-cell receptor signaling.  

Our results indicate that CD44 biomarker was considerably more expressed on the vesicles derived 

from both activated cell lines, although the difference is not pronounced enough in CART-cells. When 

we consider the fact that this molecule is also expressed by T-cells under normal conditions, their 

carriage on vesicles originated from cells without the activation is not a surprise.  

CD29 is a marker related to activated T cells, the authors Zhu Y. et al. 55 and Monguió-Tortajada, et 

al.56 consider this tetraspanin to be related in the mediation of proliferation and during inhibition of 

apoptosis in CD4+ T-cells, although not much information was found of the presence of this marker 

on vesicles, our results are linked to the fact that activated no- differentiated CD8+ T-cells could 

possess and at the same time shipping this marker to the vesicles. Our results demonstrate that CD29 

is present after T-cell activation, and this feature is conserved over all cell lines despite their un-

activated state.  

CD142 is a marker most related to the endothelium, thrombosis and as one of the initiators of the 

coagulation during severe infections.57,58,59 Although the literature doesn’t deep down when referring 

CD142 and other vesicle related function outside the endothelium and infections, our results lead us 

to think that this marker could be endogenous of the activated T-cells, still many studies are need it 

to define more in dept this idea.  

Finally, CD45 is a crucial tetraspanin for the activation of T cells via TCR, it can exist different isoforms 

with various levels of importance for the cells.11,49,60 As we already mentioned, the presence of co-

receptors is very important for a proper signal transfer through the cytosol of the cell which will finally 

lead to an activation response. Due CD25 was used for the activation of this T-cells and because CD45 

can be found in vesicles after the activation of T-cells with CD25, our results confirm this statement 

when we observe how vesicles derived from both activated cell lines exhibit this marker.  

 



 

57 
 

6.2 Detection of immunological check point receptors.  

For the assessment of a protective and proper functionality of the immune system, we evaluate the 

presence of the markers LAG-3 and PD-1 on the isolated SEC fractions that presented an increased 

particle yield (Fraction 1 and 2), for this evaluation 500µL of each fraction was concentrated using X-

spinner 100kDa ultrafiltration column to reach a volume up-to 200µL (requires volume to assess 

technical duplicates). Our ELISA results of the quantification of LAG-3 were negative, in all tested 

fractions. Even though the second fraction of the NonTran-Unactiv isolated vesicles reported a signal 

of 0.0107ng/mL, it did not reach the delimited detection limit of our ELISA (sensitivity of 0.025ng/mL).  

Although LAG-3 is reported to be borne by EVs derived from T-cells by the authors Ceeraz, et al. 61, 

Aiello, S., et al.62 and Ali S., et al.63 our findings could not confirm those statements. Our only 

hypothesis is the lack of vesicles on those fractions due this problem was recurrent on each evaluation, 

we suggest another assessment using an even more concentrated sample derived from more than 

one isolated, maybe 3 or 4 isolates pooled together to ensure enough vesicle presence.  

As the reports of Riley64, Freeman, G., et al. 65, and Kumagai, S., et al. 66 states that PD-1 is involved in 

the inhibition of T-cell proliferation after contact with their ligand PD-1L, being one of the most studied 

markers when we talked about T-cell exhaustion. During our experimentation, PD-1 was not expressed 

in our isolated vesicles although the sensibility of our assay was high (minimum detected dose was 

3.9pg/mL).  These results together with the literature make us infer that constant reactivation of the 

cells (by the beads or by normal re-culturing conditions) don’t induce an enervation on the cells.  

Riley64 mentions the relationship between CD28 and PD-1 for T-cell signal transduction after TCR 

activation. Having this knowledge so far, we expected this increase in PD-1 after TCR activation by our 

beads anti-CD3/CD2/CD28, but a further analysis of this “relationship” carried out by Riley64 brought 

to light the low activity of T-cell after the binding of PD-1, due both proteins (CD28 and PD-1) compete 

for PI3K a carrier for glucose on the cell. Our results suggest that cells not demonstrate to be exhausted 

after constant activation, reducing the expression of PD-1 and by this controlling the immune response 

in a conventional way.  

Due our obtained results are slightly supported by this evidence, we still recommend another 

repetition of this assay with the same pooled and concentrated conditions, due LAG-3 might be 

present and by this, revealing the exhaustion activity of our cells by a different biochemical pathway.  
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CONCLUSIONS  
 

In conclusion:  

• We successfully developed and standardized a protocol for the isolation and enrichment of 

particles contained in cell culture supernatants of non-transfected T-cells and CAR T-cells 

under activated and non-activated conditions using an ultrafiltration tube and the size 

exclusion chromatography method.  

• Cell activation induces a significant increased particle production in non-transfected T-cells 

and CAR T-cells. 

• Isolated SEC fractions 1 and 2 of both non-transfected and CAR T-cell lines activated and un-

activated showed an increased particle yield in comparison with the other isolated fractions.    

• Total protein quantification of the isolated fractions demonstrated a successful abolishment 

of protein contaminants by SEC methodology.  

• Analysis of the vesicle biomarkers CD9 and CD63 by ELISA assay confirmed the presence of 

vesicles contained in the same isolated SEC fractions who showed an increased particle yield.  

• TEM imaging of CART-Activ fraction 1 revealed the presence of double membrane structures 

with similar morphology than the vesicles of our interest.  

• Surface protein characterization of isolated particles demonstrate the expression of T-cell 

activation biomarkers (CD2, CD3, CD25, CD44 and CD45), co-receptors of T-cells (CD4, CD8, 

CD24) and vesicle biomarkers (CD9, CD63 and CD81), with no detectable presence of PD-1 and 

LAG-3.  

• Further characterization and analysis of the vesicles derived from non-transfected and CAR T-

cell is needed, is strongly recommended to pool, and concentrate the fractions to increase 

particle yield and aid the performance / proper detection of signals by the methodologies.   
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