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Abkürzungsverzeichnis 
AML                                   Acute myeloid leukemia 

ALL                                    Acute lymphoid leukemia 

APCs                                 Antigen presenting cells 

allo-SCT                            Allogeneic stem cell transplantation 

BM                                     Bone marrow 

CAR-T                               Chimeric-Antigen Receptor-T cells 

CD                                      Cluster of differentiation 

CLL                                    Chronic lymphoid leukemia 

CIK                                     Cytokine-induced killer 

CTX                                 Cytotoxicity fluorolysis Assay  

DC                                      Dendritic cells 

DCS                                    DC culture supernatants  

DCleu                                  Leukemia-derived dendritic cells 

DCmat                                  Mature dendritic cells 

Deg                                  Degranulation assay 

DS                                       Down syndrome 

EV(s)                                   Extracellular vesicle(s)  

fNTA                                    Fluorescence nanoparticle tracking analysis  

GM-CSF                             Granulocyte-macrophage colony-stimulating factor 

H                                         Healthy 

HSCT                                  Hematopoietic stem cell transplantation  

ICS                                  Intracellular cytokine staining 

IFCM                                   Imaging flow cytometry  

LAA                                     Leukemia associated antigens 

MRC                                   Myelodysplasia related changes 

MBFCM                              Multiplex bead-based flow cytometry 

MHC                                   Major histocompatibility complex 

MLC                                    Mixed lymphocyte culture  

MLCS                                  MLC culture supernatants 
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MNC                                   Mononuclear cell 

miRNA                                MicroRNA  

NK                                       Natural killer  

NOS                                    Not otherwise specified  

PB                                        Peripheral blood 

PGE1                                  Prostaglandin E1 

RNA-Seq                             RNA sequencing  

SEC                                     Size exclusion chromatography 

t-MN                                    Therapy-related myeloid neoplasms 

TEM                                    Transmission electron microscopy  

WB                                  Whole blood 
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2. Einleitung 
2.1 Leukemia   

Leukemias are malignant disorders of the blood and bone marrow (BM) 1. Acute myeloid leukemia 
(AML), Acute lymphoid leukemia (ALL) and Chronic lymphoid leukemia (CLL) are blood/BM can-
cers of mainly elderly patients, with uncontrolled proliferation of myeloid or lymphoid blasts 2,3. 
AML is a heterogeneous disease, in which ≥20% of cells in the blood or BM are myeloblasts 4, 
characterized by the accumulated proliferation and survival of immature myeloid cells. According 
to the morphology and immunophenotype, AML is classified into categories 4. AML is the result 
of genetic abnormalities, comprised of mutations and chromosomal rearrangements related with 
clinical, morphological and immunophenotypic features 5. ALL develops predominantly in children 
and elderly patients. ALL is characterized in differentiation and proliferation of lymphoid precursor 
cells. Therapeutic improvements showed that, 80-90% of children with ALL can be treated and 
cured with combination chemotherapy 5,6.  Based on genome-wide analyses, ALL has been clas-
sified into B- and T-lineage subtypes 7. CLL is characterized by the progressive accumulation of 
B cells (e.g.CD5, CD19, CD23) in the blood, bone marrow, lymph nodes and spleen8. Recently 
chlorambucil is still the standard frontline therapy for elderly CLL patients 9.  

Due to high proliferation rates of leukemic blasts, symptoms mostly develop rapidly within weeks 
after diagnosis and may finally lead to death. Accumulation of blasts in the blood or BM results in 
an ineffective hematopoiesis, which leads to symptoms of neutropenia, erythrocytopenia or 
thrombocytopenia going along with fever, infections, hemorrhages, inappetence or degradation 
of performance status 10,11. Therefore, it is essential to assess immediately diagnostic results and 
to evaluate treatment options. The prognosis can be estimated by a distinction of three risk groups 
(favourable, intermediate and adverse), based on clinical features like age, primary/secondary, 
comorbidities and certain cytogenetic or molecular aspects 7,11,12. The immuno-microenvironment 
contributes to predict the course of leukemia. The immune evasion mechanisms mediated by 
tumors can inhibit T cell immunity specially 12–14.  

The main efficient curative treatments of leukemia are still chemotherapy with allogeneic stem 
cell transplantation (allo-SCT) or Chimeric Antigen Receptor-T cells (CAR-T). Allo-SCT may sur-
vive longer or even cure more patients via an immune-mediated graft-versus-leukemia effect, 
however still goes along with important risks e.g. for infections, graft versus host disease and 
substantial non-relapse mortality 15,16. CAR T-cell immunotherapy is a promising treatment prin-
ciple, which concerns the engineering of T cells to kill tumors by targeting CD19, especially in 
eliminating B-cell leukemia 17,18. The discovery of new molecular mutations might result in individ-
ualized therapies and offer new biomarkers that can be used to monitor minimal residual disease 

19. The ability to detect minimal residual disease could help to prevent relapses by early interven-
tion.  

2.2 Dendritic cells (DC) and mixed lymphocyte culture (MLC)  

DCs are a portion of the innate immune system, specialized antigen-presenting cells (APCs), 
which stimulate immune cells by processing antigens and presenting their fragments via major 
histocompatibility complex (MHC) I and II. Leukemia-derived DC (DCleu) can be generated from 
mononuclear cell (MNC) or whole blood (WB) using “DC-generating Kits” such as Kit M (GM-CSF 
and PGE1) and are characterized by the expression of (patient-specific) blast markers/LAA (Leu-
kemia associated antigens) together with DC or other immunogenic antigens 20–22.  
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After T cell-enriched mixed lymphocyte cultures (MLC), DCleu mediate activation of immune reac-
tive innate and adaptive immune reactive cells with the detection of increased frequencies of 
(leukemia specific) T and innate (especially) NK cell (subtypes) 23,24. The innate immune system 
may comprise of macrophages, dendritic cells, cytokine-induced killer (CIK) and natural killer (NK) 
cells, which provide the first-line defense against pathogens and tumors, the adaptive immune 
system may comprise of T- and B- cells, which mediate tumor environment by antigen-specific 
responses 20,25–29. 

2.3 Extracellular vesicles (EVs)  

“Extracellular vesicles”, are actively or passively released from cells. EVs contain a lipid bilayer 
membrane that protects the encapsulated material, including proteins, nucleic acids, lipids and 
metabolites 30. EVs have been classified into categories: apoptotic bodies, microvesicles and ex-
osomes. EV types have significant differences in their biogenesis, physiochemical properties, 
molecular composition and biological function 31. EVs can be harvested from all body fluids. EVs 
can be released by dendritic cells (DCs), B cells, T cells and others that function within the adap-
tive immune system and they display a plethora of functions according to their origin 32. 

EVs play an important role in antigen presentation and in communication between immune cells 
32 and play a role in pathological and physiological systems, in cancer or neurobiology 33. EVs or 
their subtypes could generate connections with the surrounding cells, mediate cellular uptake, 
reform immune recognition via posttranslational modifications by the innate and adaptive immune 
systems 34. Therefore, the multiple potential of EVs is to be used as biomarkers, therapeutic tar-
gets, immune evasion or immunotherapy and biologically engineered EV 35. 

In hematological malignancies, EVs reorganize the environment of BM. In AML, EVs promote the 
communication between cells and conduct adaptation of compartmental BM function via traffic of 
protein, RNA and DNA 36. Tumor-derived EVs can deliver signals, inhibit cell differentiation, en-
hance expansion of regulatory T cells and myeloid-derived suppressor cells 32,37. On the other 
hand, EVs, as cancer monitors, can offer a minimally invasive method to carry tumor molecular 
information and represent collective parameters of tumor cells 38. The collection and purification 
of EVs in AML might modulate disease stage, drug resistance or immune therapies 39. 

Furthermore, EVs secreted by DCs mediate the mesenchymal stem or stromal cell recruitment. 
This was shown to support time-controlled changes to the micromilieu and could promote regen-
erative responses. T-cell responses are down regulated by immature DCs, the activation, prolif-
eration and differentiation of effector T cells are promoted by mature DCs 40–42. This DC-to-DC 
communication is essential to display functions, which is mediated through cell-to-cell contact, 
soluble mediators and interaction with apoptotic cell derived EVs 43–46. 

2.4 Detection and quantification of EVs  

EVs can be identified or characterized by ultra-centrifugation, precipitation, size exclusion chro-
matography (SEC), ultrafiltration or other methods 47,48. EVs can be obtained by multiple methods 
to assess purity and/or prove specific properties of interest 48,49, e.g. transmission electron mi-
croscopy (TEM), fluorescence nanoparticle tracking analysis (fNTA), western blotting 38,50,51. In 
EV research, TEM is a focused beam of electron transmitted via a thin specimen to create a 
sample image, 38 fNTA is particle tracking pattern to determine and identify EVs concentration 
and size distribution of particles 38,50, both of them are popular and useful methods. Detailed phe-
notyping of EV subsets can be achieved by multiplex bead-based flow cytometry analysis 
(MBFCM) 51 or by high resolution single vesicle imaging flow cytometry (IFCM) to quantify further 
EV subsets  52. Advantages of combining such flow cytometric methods are, that subsets of EVs 
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can be detected and enumerated together with microvesicles with diameters above 200 nm in a 
multi-parametric way. The MISEV guidelines explain in detail which parameters are necessary for 
a reliable and valid EV isolation and characterization 47. Precipitarom real-life clinical blood sam-
ples deliver more reproducible microRNA candidates and hence a better and more valid bi-
omarker signature. As further advantage, the miRNA biomarker signature can be easily confirmed 
by orthogonal methods, like RT-qPCR, which is an essential core point in a valuable biomarker 
development. 

MBFCM (39 capture bead populations) can reproducibly detect EV surface markers in sample 
types (EV-containing) via a semi-quantitative pattern 51. According to the assay documentation, 
MBFCM assays focus on the 37 EV surface antigens and another two internal isotype negative 
controls. Particularly three bead populations, i.e., CD9, CD63, CD81 are a mixture of pan anti-
tetraspanin. Other markers coated with specific capture antibodies, comprise T cell, B cell, mon-
ocyte, thrombocyte, integrin, endothelial, or MHC-associated antigens 51 and can be character-
ized according to their individual fluorescence intensity.  

2.5 Preparation and Characterization of EV derived miRNAs 

MicroRNAs (miRNAs) are short, non-coding RNAs. MiRNAs are post-transcriptional regulators of 
gene expression of many essential cellular processes 53. MiRNAs can be released into body fluids 
in combination with lipoproteins or proteins or encapsulated in EVs 54. It has been reported that 
EV-mediated transfer of surface- and intra-vesicular proteins, lipids and nucleic acids (RNA and 
DNA) with direct effects on recipient cells. EVs carry and deliver essential molecular information, 
in majority via microRNA and proteins for cell physiology and metabolism.  

MiRNAs play gene-regulatory roles, generating remarkable functions in physiological and patho-
logical processes 53. MiRNAs can act as either tumor activating or suppressing RNAs in different 
subtypes of leukemia, either by targeting them on the mRNA level or by working together with 
concerning proteins to promote tumors, related with a series of leukemic processes, including 
proliferation, survival, differentiation, self-renewal, tumor development and chemotherapy re-
sistance 55.  

Huan et al. isolated total RNA derived from EVs in AML cell lines and primary AML cells 56. How-
ever, the content of RNA derived from EVs differed significantly in cell lines and primary AML 
cells. Large amounts of small RNAs and miRNAs were detected in EVs  50,56,57, with 5- to 13-fold 
higher enrichment of miRNAs compared to parental cells found in cell lines 58. EVs and their 
miRNAs are shown to play an important regulative role in nearly all physiological or immunological 
processes and have been connected with leukemia 59.  

 

2.6 Outline and overview of this thesis 

Leukemias are life-threatening malignant disorders of the blood and BM.  For leukemia patients, 
the major reason of disease recurrence is the minimal residual leukemia cells after chemotherapy 
and/or hematopoietic stem cell transplantation (HSCT). DCs can be generated from leukemic 
blasts in vitro and in vivo (DCleu). DCleu are characterized by simultaneous expression of dendritic- 
and leukemic- antigens. EVs are membrane-bound particles, carrying large amounts of cargo 
materials including miRNA, proteins and immune-related ligands active in cell-to-cell communi-
cation. Due to their enhanced stability, EVs and EV derived miRNAs are in the focus of most 
biomarker and molecular studies and serve also as novel analyte in hematological neoplasms.  
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The aim of this thesis was to (1) isolate EVs in serum and culture supernatants from leukemic 
patients and healthy donors; (2) identify EVs (from serum and culture supernatant samples) by 
TEM and fNTA; (3) characterize and compare the EV surface antigens with MBFCM from leuke-
mic patients versus healthy donors; (4) evaluate and compare resulting data for potential corre-
lation with AML patients’ clinical data or with immunological/functional features in culture super-
natants; (5) assess EV associated miRNA profiles that could be applied as potential biomarkers 
comparing healthy donors’ with leukemic patients’ serum and culture supernatant. 

 

Overview Publication I-Description and optimization of a multiplex bead-based flow cytom-
etry method (MBFCM) to characterize extracellular vesicles in serum samples from pa-
tients with hematological malignancies 

The objective of publication I was to quantify and characterize serum-derived EVs from AML, 
ALL, CLL and healthy controls and evaluate whether these profiles could be used as potential 
diagnostic markers for clinical research.  

TEM, fNTA and MBFCM were used to detect and assess EVs in serum, aiming to establish a 
proof-of-concept workflow to characterize EVs and to potentially predict immune reactions from 
leukemic and healthy samples.  

Typical cup-shaped imaging of serum EVs by TEM was detected and EV concentrations and size 
distribution profiles by fNTA were first characterized from AML, ALL, CLL patients and healthy 
controls. In a next step MBFCM which comprises 39 capture bead populations was adapted for 
serum. High signal intensities of CD133 in AML, HLA-DRDPDQ in ALL and CD11c and CD146 in 
CLL derived EVs were found after normalizing data from leukemic to healthy samples.  Frequen-
cies of immune cytologically detected leukemic cells as well as platelet, white blood cell counts 
and cellular markers (e.g.CD14, CD19, CD3 and CD56) correlated in part with frequencies of 
specific EV associated antigen expressions as characterized by MBFCM in leukemia samples. 

In summary, MBFCM might contribute to indicate the involvement of EVs in leukemia. MBFCM is 
good method to detect the specificity and heterogeneity of EVs and the role of specific EVs as a 
suitable marker in leukemia classification and the monitoring of (leukemia-associated) EVs de-
rived and released from cells. 

 

Overview Publication II-The potential role of serum extracellular vesicle derived small 
RNAs in AML research as non-invasive biomarker 

The objective of publication II was to evaluate the differences of EVs derived miRNAs in serum 
from AML compared to healthy controls and to deduce whether they could serve as biomarkers 
for diagnostic and disease stratification.  

Therefore, the quantitative and qualitative assessment of EV surface characteristics using 
MBFCM and especially the characterization of the EV derived miRNA cargo by RNA-Seq were 
evaluated in AML samples compared to healthy controls.  

According to the manufacturer’s protocol, total RNA was isolated from purified EVs. 152 miRNAs 
were found in Healthy and 159 in AML samples, 136 of which were detected in both H and AML 
samples. 5 up regulated miRNAs (miR-10a-5p, miR-155-5p, miR-100-5p, miR-146b-5p, let-7a-
5p) and 5 down regulated miRNAs (miR-185-5p, miR-4433b-3p, miR-199a-5p, miR-451a, miR-
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151a-3p) were identified by small RNA sequencing in AML vs H samples. The largest difference 
in AML compared to Healthy was detected for miR-10a-5p (Log2FC=4.89).  

In conclusion, EV derived miRNA dysregulation in serum by tumor activators or suppressors might 
have a significant impact on disease progression and prediction. MiRNA expression profiling 
might provide important diagnostic and prognostic information and could qualify as biomarkers in 
AML research.  
 
Due to the pandemic situation, Lin was not allowed to perform any experiments in WG Pfaffl and 
Görgens (related with paper I and II). However, Lin could perform cellbiological and functional 
experiments in the WG Schmetzer. Results of this experimental work (in cooperation with WG 
Pfaffl and Görgens) are provided in publication III, that will be submitted to Journal in the next 
weeks. 
 

Overview Publication III- Role of EVs as promotors for activation of leukemia-derived den-
dritic cells’ (DCleu)-mediated antileukemic activation of adaptive and innate immune-reac-
tive cells against AML-blasts (in preparation) 

The objective of publication III was to generate and quantify DC/DCleu from WB using Kit M (GM-
CSF and PGE1) (vs control) and to stimulate the patients’ immune cells after MLC. The potential 
role of DC or MLC culture supernatants derived EVs as biomarkers in AML patients versus healthy 
controls as well as influences of blast/immune modulatory strategies to modify antileukemic pro-
cesses should be evaluated.  

Therefore, DC/DCleu with blast modulating Kit M (GM-CSF and PGE1) (vs control) from AML and 
healthy WB and stimulated T-cell enriched immunoreactive cells in MLC were generated. TEM, 
fNTA and MBFCM were used for EV detection in DC culture supernatants (DCS) and MLC culture 
supernatants (MLCS) from AML and Healthy samples. 

DC/DCleu generated with Kit M from leukemic WB (vs control) were shown to activate T-cell’s 
(e.g.CD4+, CD8+, non-naïve T cells, central memory T cells and effector memory T cells) differ-
entiation in AML compared to Healthy samples after MLC. Kit M pretreated WB moreover in-
creased leukemia-specific activity after MLC (specifically intracellular IFNγ and CD107a expres-
sion) and anti-leukemic activity compared to control were evaluated and compared. EV concen-
trations by fNTA and EV surface antigens by MBFCM and cellular marker expressions by flow 
cytometry in DCS and MLCS from AML and Healthy samples were evaluated and assessed. 

In summary, specific EVs may play a fundamental role in the immune modulatory responses in 
the AML. 

 

Conclusion 

MBFCM is generally suitable for EV characterization and can not only quantify and qualify EV 
surface antigens but also contribute to compare different individual surface antigens between 
leukemia and Healthy samples. We assume that EVs and EV derived miRNA cargo could be 
considered as privileged biomarkers, demonstrating their physiological features and development 
of the disease. These findings contribute to confirm the unique function of EVs (e.g.) also to im-
prove antileukemic immune responses, or with respect to the role of EVs/EV derived miRNA as 
new biomarkers. Now we are going to analyze EVs’ potential role for predicting or mediating 
antileukemic processes ex vivo or in vivo. 
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3. Zusammenfassung:  
EVs sind membranöse Vesikel und ein Verständnis ihrer Rolle bei der Tumorentstehung oder 
Immunaktivierung könnte dazu beitragen, antileukämische Prozesse zu verstehen und zu moni-
torieren. EVs wurden aus dem Serum von AML-, ALL-, CLL-Patienten und gesunden Proben 
isoliert. Das typische becherförmige Erscheinungsbild von Serum-EVs wurde durch TEM identi-
fiziert, und EV-Konzentrationen und Größen von Serum-EVs durch fNTA ermittelt. Hohe Anteile 
an EVs (positiv für CD81, CD63, CD9), die linienassoziierte EV-Marker exprimieren (CD8, CD42a, 
CD62P und HLA-DRDPDQ ) wurden in AML-, AML-, CLL- und gesunden Serum-Proben mit Hilfe 
von MBFCM (unter Verwendung von 37 spezifischen Markern) detektiert. Unsere Daten zeigten 
Korrelationen von EV-Markerexpressionen (gemessen durch MBFCM) in Serum mit immunzyto-
logisch nachgewiesenen Leukämiezellen, Blutplättchen- und Leukozytenzahlen in allen AML-, 
ALL- und CLL-Proben. 

Insbesondere wurden in AML- und gesunden Proben mit MBFCM hohe Anteile an EVs (positiv 
für CD81, CD63, CD9) gefunden, die zusätzlich CD8, CD41b, CD42a, CD62P, HLA-DRDPDQ 
und SSEA-4 exprimierten. Gesamt-RNA wurde aus EVs über ‚small RNA‘ Sequenzierung zur 
qualitativen/quantitativen Charakterisierung von AML- und gesunden Proben isoliert: In AML vs 
gesunden Serum-EVs wurden hochregulierte miRNAs (miR-10a-5p, miR-155-5p, miR-100-5p, 
miR-146b-5p, let-7a-5p) und herunterregulierte miRNAs (miR-185-5p, miR-4433b-3p , miR-199a-
5p, miR-451a, miR-151a-3p) detektiert. 

Wir konnten mehrere vielversprechende und spannende Ergebnisse zur EV - und (aus EV prä-
parierten) miRNA Charakterisierung erarbeiten. In den laufenden Projekten werden wir diese me-
thodischen Strategien anwenden, um neue Ergebnisse aus Kulturüberständen zu generieren.: 

Nach der Generierung von DC/DCleus mit Kit M (GM-CSF und PGE1) aus leukämischem Vollblut 
konnten wir zeigen, dass nach T-Zell-angereicherter MLC mit DC/DCleu-haltigen Proben leukä-
miespezifische/ anti-leukämischen T-zellen entstanden. Dies führte zu einer verbesserten anti-
leukämischen Immunantwort. EVs wurden aus DC- und MLC-Kulturüberständen von AML-Pati-
enten und gesunden Probanden isoliert. In unserer aktuellen Studie werden wir EV-Zusammen-
setzungen vor vs nach DC/MLC- Kultur mit oder ohne Kit M-Einfluss in den -Kulturüberständen 
weiter charakterisieren und vergleichen. Wir möchten herausfinden, ob EVs während der DC- 
oder MLC-Kultur Modulationen durchlaufen könnten. 

Aus dieser Proof-of-Concept-Studie mit Serum- oder Kulturüberständen lieferte MBFCM einen 
intensiveren Einblick in die Expression von Oberflächenmarkern auf EVs-von Leukämiepatienten. 
Dies könnte ein Ausgangspunkt für zukünftige Studien sein. Darüber hinaus könnten Analysen 
von EVs und miRNAs aus EVs dazu beitragen neue nicht-invasive Marker zur (Sub-)Klassifizie-
rung von Leukämien zu finden, die  Vorhersagen zum Therapieansprechen oder zum Krankheits-
verlauf beitragen. 
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4. Abstract (English)  
EVs are membranous vesicles and their role in tumor or immune activation could contribute to 
evaluate and monitor antileukemic processes. EVs were isolated from serum of AML, ALL, CLL 
patients and healthy volunteers. Typical cup-shaped appearance of serum EVs was identified by 
TEM and EV concentrations and size distribution profiles of purified serum EVs were character-
ized by fNTA. EV markers (CD81, CD63, CD9) and lineage associated EV markers CD8, CD42a, 
CD62P and HLA-DRDPDQ were highly expressed in AML, AML, CLL and Healthy samples eval-
uated by MBFCM (using 37 specific markers). Our data detected correlations of serum-derived 
EV marker expressions (detected by MBFCM) with immune cytologically detected leukemic cells, 
platelet and white blood cell counts in all AML, ALL and CLL samples. 

Especially, high frequencies of EVs coexpression CD81, CD63, CD9 and in addition CD8, CD41b, 
CD42a, CD62P, HLA-DRDPDQ and SSEA-4 (as evaluated by MBFCM) were found in AML and 
Healthy samples. Total RNA was isolated from EVs via small RNA sequencing for qualita-
tive/quantitative characterization from AML and Healthy samples. Up regulated miRNAs (miR-
10a-5p, miR-155-5p, miR-100-5p, miR-146b-5p, let-7a-5p) and down regulated miRNAs (miR-
185-5p, miR-4433b-3p, miR-199a-5p, miR-451a, miR-151a-3p) derived from EVs in AML vs 
healthy samples were found.  

We were able to work out several promising and exciting results in the field of EVs/EV derived 
miRNA characterization. In the ongoing project we will apply these methodological strategies to 
deduce more interesting results using culture supernatants: 

After generation of DC/DCleu with Kit M (GM-CSF and PGE1) from leukemic WB, DC and DCleu 
containing WB lead to specifically stimulated anti-leukemic (T)-cells after T-cell enriched MLC, 
giving rise to improved anti-leukemic immune response. EVs were isolated from DC and MLC 
culture supernatants of AML patients and healthy volunteers. In our ongoing study, we will pre-
cede and further characterize and compare EV compositions before or after DC/MLC culture su-
pernatants with or without Kit M. We want to evaluate or identify, whether EVs could undergo 
modulations during DC or MLC culture.   

From this proof-of-concept study using serum or culture supernatants, MBFCM provided more 
insight into general expression of EV surface markers from leukemia patients and could support 
some starting points for future studies. Moreover, analyses of EVs and EV derived miRNAs, as 
novel non-invasive markers, could contribute to (sub)classify leukemia and to predict outcome 
and response to treatment for leukemia. 
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5. Paper I 

 

ARTICLE OPEN

Description and optimization of a multiplex bead-based flow
cytometry method (MBFCM) to characterize extracellular
vesicles in serum samples from patients with hematological
malignancies
Lin Li1,7✉, André Görgens2,7, Veronika Mussack 3, Elena Pepeldjiyska1, Anne Sophie Hartz1, Andreas Rank4, Jörg Schmohl5,
Doris Krämer6, Samir El Andaloussi2, Michael W. Pfaffl 3 and Helga Schmetzer 1✉

© The Author(s) 2022

Extracellular Vesicles (EVs) are membranous vesicles produced by all cells under physiological and pathological conditions. In
hematological malignancies, tumor-derived EVs might reprogram the bone marrow environment, suppress antileukemic immunity,
mediate drug resistance and interfere with immunotherapies. EVs collected from the serum of leukemic samples might correlate
with disease stage, drug-/immunological resistance, or might correlate with antileukemic immunity/immune response. Special EV
surface protein patterns in serum have the potential as noninvasive biomarker candidates to distinguish several disease-related
patterns ex vivo or in vivo. EVs were isolated from the serum of acute myeloid leukemia (AML), acute lymphoid leukemia (ALL),
chronic lymphoid leukemia (CLL) patients, and healthy volunteers. EVs were characterized by transmission electron microscopy and
fluorescence nanoparticle tracking analysis, and EV surface protein profiles were analyzed by multiplex bead-based flow cytometry
to identify tumor- or immune system-related EVs of AML, ALL, CLL, and healthy samples. Aiming to provide proof-of-concept
evidence and methodology for the potential role of serum-derived EVs as biomarkers in leukemic versus healthy samples in this
study, we hope to pave the way for future detection of promising biomarkers for imminent disease progression and the
identification of potential targets to be used in a therapeutic strategy.

Cancer Gene Therapy; https://doi.org/10.1038/s41417-022-00466-1

INTRODUCTION
Leukemia
Leukemia and lymphoma are blood malignancies that affect
people of all ages and result in approximately 23,000 deaths in
the United States per year [1]. Acute myeloid (AML) [2],
lymphoid (ALL) [3], or chronic lymphoid leukemia (CLL) [4] are
clonal diseases with uncontrolled proliferation of myeloid or
lymphoid leukemic cells, that can be identified and character-
ized by flow cytometry. Rates of complete remission (CR),
prognosis and survival depend on the grade of anemia,
thrombocytopenia, white blood cell expansion and karyotypes.
Risk-adapted therapies for AML, ALL, and CLL patients consist of
chemotherapy with/without stem cell transplantation (SCT), but
the rate of early failures and relapses is still unsatisfying. Since
relapse rates in successfully treated AML, ALL, and CLL patients
are high, new therapy options are needed [5, 6].

Immune surveillance
Effective immune surveillance of patients with hematologic
malignancies such as leukemia is mediated by cellular and
noncellular arms of the innate and adaptive immune system.
The innate immune system includes macrophages, dendritic cells
(DC), and natural killer (NK) cells, which respond quickly to an
immunological threat. The adaptive immune system includes T
and B cells, which mediate tumor immunity by antigen-specific
responses and provide long-lasting protection by effector-
memory responses [6, 7]. Furthermore, other cells at the interface
of the innate and the adaptive immune system (e.g cytokine-
induced killer cells (CIK) or invariant natural killer T-cells (iNKT)) are
important mediators in antitumor-, autoimmune-, and antimicro-
bial responses and tumor surveillance. Moreover, soluble key
players and mediators of immune reactions trafficking through the
body like hormones, (B-cell-derived) antibodies, cytokines, che-
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6. Paper II 
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