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1 Abbreviations

AML Acute Myeloid Leukaemia

ALL Acute Lymphoblastic Leukaemia
APC Antigen presenting Cells

BCL-2 B-Cell Lymphoma 2

BIiTE Bispecific T-Cell Engager

CAR-T Chimeric Antigen Receptor T-cell Therapy
CCL CC-Chemokine Ligand

CD Cluster of Differentiation

CIK Cytokine-induced Killer Cells
CML Chronic Myelogenous Leukaemia
CR Complete Remission

CTL Cytotoxic T-Lymphocyte

CTLA-4 Cytotoxic T-Lymphocyte-Associated Protein 4
CTX Cytotoxicity Assay

CXCL CXC-Chemokine Ligand

DART Dual-affinity Retargeting Antibody
DC Dendritic Cells

DCleu Leukemia-Derived Dendritic Cells
DLI Donor-Lymphocyte Infusion

FDA Food and Drug Administration
FLT3 Fms Like Tyrosinekinase 3
FLT3-L/FL FLT3-Ligand

GM-CSF Granulocyte Macrophage Colony-Stimulating Factor
GMP Good Manufacturing Practice
GVHD Graft Versus Host Disease

GVL Graft Versus Leukemia

HLA Human Leukocyte Antigen
IDH1/2 Isocitrat-Dehydrogenase 1/2
IFN-y Interferon-y

IL Interleukin

LAA Leukemia-Associated Antigens
LSA Leukemia Specific Antigens

MDS Myelodysplastic Syndromes

MHC Major Histocompatibility Complex
MLC Mixed Lymphocyte Culture

MNC Mononuclear Cells

mo-DC Monocytoid DC

MRD Minimal Residual Disease

NK Natural-Killer Cells

NPM1 Nucleophosmin 1

PB Peripheral Blood

PD1 Programmed Cell Death Protein 1
PD-L1 Programmed-Death Ligand 1

PGE Prostaglandin E



PR1 HLA-A2 Nonameric Peptide Derived From Neutrophil Elastase and
Proteinase 3

SCF Stem Cell Factor

SCT Stem Cell Transplantation

TH T-Helper Cell

TIM-3 T-Cell Immunoglobulin and Mucin Domain-Containing Protein 3
TNF-a Tumor Necrosis Factor-a

Treg Regulatory T-cell

WT1 Wilms Tumor Suppressor Genel
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4 Introduction

4.1 AML/MDS

Abnormal cell-differentiation and clonal proliferation of myeloid precursor-cells (blasts) are
characteristics of Acute myeloid leukaemia (AML) and Myelodysplastic Syndromes (MDS).
Accumulation of blasts results in an ineffective haematopoiesis leading to symptoms of
neutropenia, anaemia and thrombocytopenia like fever and infections, inappetence and
degradation of performance status as well as haemorrhages. Moreover, infiltration of
extramedullary tissues like liver, spleen and skin can be seen [1, 2]. Due to high proliferation
rates of leukemic blasts, symptoms mostly develop rapidly and may lead to death within
weeks after diagnosis [3]. Therefore, immediate diagnostic assessment and evaluation of
treatment options are essential. The prognosis can be estimated using the 2017 European
LeukemiaNet risk stratification, which allows a distinction of three risk groups (favourable,
intermediate and adverse), based on clinical features like age, primary/secondary AML,
comorbidities and certain cytogenetic or molecular aspects [4].

4.2 Standard Treatment

The goal of most treatments is achievement of complete and long-lasting remission, which is
defined as presence of less than 5% blasts in the bone marrow and none in the peripheral
blood, no evidence of extramedullary manifestations and recovery of peripheral blood
parameters. Even in complete remission (CR) 50% of patients show a minimal residual disease
(MRD), which means persistence of leukemic blasts in the bone marrow that may lead to
relapse [5, 6].

If a patient is estimated fit for intensive chemotherapy, therapy comprises several phases.

In induction chemotherapy mostly anthracycline plus cytarabine-based regimen are applied
(e.g., 7+3) [7].

Induction is followed by consolidation therapy in order to stabilize remission or eliminate
MRD. Depending on the patient’s stratified risk and availability of a suitable stem cell donor
allogeneic stem cell transplantation (SCT) or more cycles of a cytarabine-based chemotherapy
are applied. Allogeneic SCT may achieve cure in 50 —60% of cases and is therefore considered
the therapy with the strongest antileukemic effect [8 - 10]. It is also a chance of cure for
patients who relapse after chemotherapy. Due to the significant mortality from graft-versus-
host disease (GVHD) and opportunistic infections caused by immunosuppression application
of SCT is limited for younger patients (< 60 years) and patients with higher risk and no
significant comorbidities. In case of relapse after SCT, application of Donor lymphocyte
infusions (DLI) can reinstall remission, what demonstrates the important role of T-cells in
antileukemic reactions [11-14].

There is no maintenance therapy which can be considered standard in the treatment of AML
and its role in reducing the risk of relapse in patients who didn’t receive SCT remains
controversial [15]. Nevertheless, an improvement of survival was described through
maintenance with CC-486, an oral form of Azacytidine, following standard induction and
cytarabine consolidation therapy [16].
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For elderly patients or patients estimated unfit for intensive chemotherapy low-dose
cytarabine or hypomethylating agents like Azacytidine especially in combination with
Venetoclax are treatment options for at least achieving a cytoreduction and prolonging
survival [17, 18].

4.3 Alternative treatment options

Treatment of AML by chemotherapy is leading to CR in 70 — 80% of patients under 60 years,
in older patients, however, remission rates are lower [19, 20]. Patients who profit from
allogeneic SCT show a disease-free survival of 50 —60%, but only represent 20% of all patients.
With the standard chemotherapeutic regimen mentioned above and SCT treatment options
for AML were stagnating for some time. Considering the heterogeneity of AML, fortunately,
in the past decade treatment options have diversified through the development of various
targeted therapies.

Those alternative, targeted therapies have improved CR rates of chemotherapy but relapse
rates remain high, with over 60% in higher risk patients and an overall median disease-free
survival of less than 1 year [21, 22].

Various non-immunotherapeutic and immunotherapeutic strategies have been studied in
AML-therapy, which specifically reduce the tumour load and may influence immune
responses on a therapeutic way.

Non-immunotherapeutic strategies include antileukemic protein kinase inhibitors (e.g., the
FLT3-inhibitors Midostaurin and Gilteritinib), mitochondrial inhibitors (e.g., the IDH2 mutant
inhibitor Enasidenib and IDH1 mutant inhibitor Ivosidenib), pro-apoptotic agents (e.g., the
BCL2-inthibitor Venetoclax), cell cycle inhibitors (e.g., the Aurora A kinase inhibitor Alisertib)
and epigenetic regulators (e.g., the hypomethylating agent Acacytidine) [23].

In the years 2017 — 2019 the FDA approved Midostaurin, Gilteritinib, Venetoclax, Glasdegib,
Enasidenib and Ivosidenib as a treatment for adult patients in different settings [24 — 29].
Immunotherapeutic strategies include transfer of specific antibodies, blockade of checkpoint
inhibitors, adoptive cellular therapies and Dendritic cell (DC) -based vaccination, whose
success relies on the recognition of suitable tumour antigens by immune effector cells and
thus activation of immune cell responses.

Antibodies have been used with or without modification by conjugation with toxins or
radioactive isotopes to increase their antileukemic efficacy [30].

Mono- or bispecific antibody-based approaches target membrane-expressed (CD33, CD123,
FLT3) or leukaemia associated or specific antigens (LAA, LSA, e.g.: WT-1, PR1, NPM1) [31 - 33,
23].In 2017 the FDA approved Gemtuzumab Ozogamizin — a anti-CD33 monoclonal antibody
—for newly diagnosed CD33-positive AML as a supplemental treatment to standard induction
chemotherapy [34].

Bispecific antibodies recognize two different epitopes or antigens which may be constructed
to attract cells of the immune system like T-cells and NK-cells and to recognize multiple
surface antigens on leukemic stem cells [35]. Bispecific antibodies which bind to anti-CD3 are
being studied as bispecific T-cell engagers (BiTes) or as dual-affinity retargeting antibodies
(DARTS) [36, 37]. Among others the CD22/CD3-bispecific drug AG330 is being tested in clinical
trials in AML-patients [36].
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Moreover, several radiolabelled antibodies have been applied in AML therapy, which
however led to major hematologic toxicity with serious cytopenia [37].

Another immunotherapeutic approach is checkpoint inhibition: Its goal is to activate
antitumor immunity mediated by T-cells through blockade of PD1, PD-L1, CTL4 and TIM3
pathway among others [23, 32, 40].

Currently PD-L1 and PD1 inhibitors are being tested in clinical trials in combination with
hypomethylating agents (like Azacytidine) which may increase their expression on leukemic
cells [41].

In summary, depending on certain cytogenetic- or molecular genetic findings (e.g., CD33+,
FLT3 mutation) specific drugs have been applied additionally to standard treatment in the last
decade, with the result of a prolonged overall survival [6, 18, 42].

Cellular therapy includes chimeric antigen receptor T-cell (CAR-T) therapy. After being
recently approved for paediatric ALL and aggressive B-cell lymphoma it is now being studied
in AML therapy targeting CD33, CD123, CD44v6, CLEC12A, CD38, and FLT3 in preclinical and
clinical trials [43 - 45]. CARs can be designed against any LAA and thus the genetically modified
T-cells expressing CAR are redirected against leukemic cells [43]. Most CAR-T therapies are
still in the process of preclinical studies with encouraging results or have only recently entered
phase | trials in AML.

Other adoptive cellular therapies utilize the innate immune system. They are based on
enhancement of the clinical efficacy of allogeneic natural killer-cells (NK) by several
approaches and transfer of non-specific immune effector cells like Cytokine-induced Killer
cells (CIK) or y& T lymphocytes [46, 47].

One approach is expansion of allogeneic NKs in vitro and application together with SCT in
order to exert cytotoxic effects on leukemic cells and to amplify GVL activity [48]. The above-
mentioned CIK cells can be developed from blood lymphocytes in the presence of IL-1, IL-2 or
IL-15 and are expressing T-cell- as well as NK-markers [49].

Human y& T lymphocytes are immune cells of the peripheral blood which are characterized
by T-cell receptor expression. A possible infiltration of various tumour sites, cytokine
production and exertion of cytotoxic activity against malignant targets in an HLA-unrestricted
way are some of their most important properties [50].

Itis known for a long time that the anti-leukemic potential of NK and T-cells can be enhanced
by administration of IL-2 in vivo. In combination with histamine promising results were shown
in studies with AML-patients in CR. Thus, an approval by the European Medicines Agency of
the drug combination as maintenance immunotherapy followed in 2008 [51].

Altogether results of these alternative AML-therapies are promising, but also limited by
multiple mechanisms of resistance and heterogeneous antigen expression of AML blast
populations. Additionally, side effects like toxicities to normal hematopoietic stem cells
including prolonged cytopenia and adverse events like toxicity against other targets for
example neurotoxicity and cytokine release syndromes may be caused by most of these
therapies [50, 52, 32]. Moreover, antibody-based strategies and adoptive cellular therapies
represent passive immunotherapies, which means they aren’t capable of establishing an
immunological memory.

To generate or boost leukaemia-specific immune responses peptide and DC-based vaccines
against LAAs have been studied [40].
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4.4 Dendritic Cell-based therapy

One of the most promising approaches of active specific immunotherapy are DC-based
strategies [53 - 55]. DC are professional antigen presenting cells (APC) which stimulate various
immune cells (e.g., naive or CD4 T- and B-lymphocytes, CD8 cytotoxic T-lymphocytes (CTL)) by
processing antigens and presenting their fragments through major histocompatibility
complex (MHC) [56 - 58].

Ex-vivo generation of DC from CD14+ monocytes (mo-DC) is possible using several strategies
of loading with LAA like mRNA transfection, dendritic/AML-cell fusion or pulsion with
leukemic cell lysates followed by adoptive retransfer of these manipulated DC to the patient
by an intradermal or intravenous vaccination [59].

Another approach is generation of leukaemia-derived DC (DCleu) from leukemic blasts using
different DC-generating protocols. Mononuclear cells (MNC) from the patients’ peripheral
blood (PB) are put into culture with combinations of response modifiers, which leads to
generation of DCs expressing antigens characteristic for DCs (e.g., CD80, CD86, CD206) and
blasts (e.g., CD34, CD65, CD117) simultaneously [60]. The proportion of generated DCleu from
blasts can be evaluated using a special flow cytometric gating protocol [60].

Our group and others have shown that conversion to DCleu is possible in vitro from every
given AML-patient selecting the most effective out of several previously tested DC-generating
methods [61 - 64, 58]. In a mixed lymphocyte culture (MLC) T-cells are stimulated by DC/DCleu
and activated against leukemic blasts and the antileukemic capacity is tested afterwards in a
cytotoxicity assay (CTX).

In summary ex-vivo generation of mo-DC and DC/DCleu and vaccination is challenging, as the
whole process is expensive, consuming a lot of time and good manufacturing practice (GMP)
conditions are obligatory. Except that DCleu trigger the adaptive and innate immune system
against blasts and induce an immunologic memory, their special property is the presentation
of the individual patients’ whole set of antigens. Furthermore, conversion of patients’ blasts
to DCleu could possibly be induced in vivo using certain compositions of modifiers which may
stimulate hematopoietic cells and induce DC differentiation and maturation.

4.5 Cytokines and Chemokines

As soluble factors in the microenvironment of cells, cytokines and chemokines might
influence interactions of immune cells with malignant cells [65]. Among others, cytokines are
expressed by immunocompetent and stromal cells. Their properties are mediation of immune
responses and immune escape of malignant cells. The function of effector cells is determined
by T helper cells (TH) and can be either a pro-inflammatory or anti-tumour response
depending on cytokines like Interleukin (IL) -2, Interferon (IFN) -y and Lymphotoxin-a which
mediate a TH1 response or IL-3, IL-4, IL-5, IL-9, IL-10 and IL-13 which mediate a TH2 response
and T-cell anergy [66, 67]. T-cell reactions after DC- or MNC-stimulation might correlate with
dominating TH1 or TH2 cytokine levels.

Chemokines are chemotactic cytokines which are released by various cells, e.g. fibroblasts,
keratinocytes, lymphocytes, monocytes and also tumour-cells. In multiple inflammatory and
immune responses, they act as chemoattractants mediating cell migration and activation of
specific leukocyte subtypes [68, 69]. In malignant diseases chemokines represent growth- or
survival factors. They are involved in the regulation of haematopoiesis, angiogenesis,
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metastasis and tumour infiltration by leukocytes [70, 71]. Source cells, target cells and known
functions of the analysed cytokines (IL-2, IL-4, IL-6, IFN-y and Tumour-necrosis-factor (TNF) -
a) and chemokines (CCL2, CCL5, CXCL8, CXCL9, CXCL10 and IL-12) are given in the table below

(modified after Merle et al 2019 (Publication Il) and Merle et al 2021 (Publication I11)).

Chemokine/ Source Target Cells Known Functions Reference

Cytokine

‘anti-tumour

response

related

chemokines’:

CXCL9 Macrophages, DC, Neutrophils, CD8*T- Inhibition of angiogenesis and tumour [72 - 74]
lymphocytes cells growth; Promotion of T-cell-

infiltration in inflammatory disorders

CXCL10 leukocytes, epithelial and Neutrophils, CD8*T- Inhibition of angiogenesis and tumour  [74 - 77]
endothelial cells, stromal cells growth; autoimmune reactions
cells

IL-12 DC, B-lymphocytes, NK-cells, CTL Inhibition of angiogenesis and tumour [78]
macrophages growth; immunomodulation;

Promotion of differentiation of naive
T-cells into TH1

‘Tumour growth

promoting/

inflammatory

chemokines’:

CXCL8 tumour cells, phagocytes, Neutrophils, T-cells, Promotion of tumour proliferation, [79 - 82,
DC, Treg, fibroblasts, endothelial cells survival, angiogenesis and metastasis; 70, 71]
epithelial cells, mast cells proinflammatory

CCL5 fibroblasts, epithelial cells, MNC, CD8* T-cells, Promotion of tumour progression and [83 -85,
DC, monocytes, metastasis; enhancement of tumour- 70, 74]
macrophages, platelets, Tregsy Macrophages associated macrophages and Tiegs;
tumour cells, T-cells chronic inflammatory disorders

CcCL2 stromal cells, leukocytes, DC,  MNC, macrophages Promotion of tumour-initiation, [86 - 89]
endothelial cells, tumour progression and angiogenesis;
cells

proinflammatory
Cytokines:
IL-2 TH1, CTL T-cells Promotion of T-cell proliferation, [66]

15

CTL and suppressor T-cell
differentiation; activation of NK, B-
cells and macrophages



IL-4 TH2, eosinophils, basophils, T-cells Promotion of DCleu differentiation, [90, 66]
possibly mast cells TH1 /2-differentiation and
proliferation of CD4* T-cells

IL-6 Mononuclear phagocytic T and B lymphocytes ~ Promotion of haematopoiesis, T-cell [91, 66]
cells, T and B lymphocytes, activation/differentiation and CTL-
fibroblasts, endothelial cells, differentiation (in the presence of IL-
keratinocytes, hepatocytes, 2); enhancement of CTL-functions;
bone marrow cells plasma cell-maturation

IL-10 Activated T-cells, mainly T-cells Immunosuppression; blockade of T- [92, 66]
TH2, B-cells, monocytes, cell proliferation and induction of
macrophages, NKs anergy; promotion of suppressor type

cells; inhibition of APC functions of DC;
inhibition of IFN-y and IL-2 production
by TH1 and IL-4 and -5 by TH2

IFN-y TH, CTL, T-cells Promotion of TH1-differentiation, [93, 66]
immunogenicity of tumour cells; and
NKs, monocytes, monocyte effector functions; direct

antiproliferative effect on TH2;

Macrophages, DC inhibition of IL-4 production by naive

T-cells
TNF-a macrophages, monocytes, Almost all nucleated Proinflammatory; promotion of IL-10 [94, 95, 66]
cells, tumour cells release. cell apoptosis and resistance
NKs, T-cells to infection and cancers

4.6 Outline of this doctoral Thesis

This project is based on the ex-vivo generation of DC/DCleu with five standard methods
applying different combinations of immune modifiers. In MCM-Mimic MNC were incubated
in a medium containing granulocyte-macrophage-colony-stimulating factor (GM-CSF), IL-4,
FLT3-Ligand (FL), IL-6, IL-1B, prostaglandin E2 (PGE2) and TNF-a [96, 97].

In Calcium lonophore DC were generated by incubation of MNC in the presence of A23187
and IL-4, whereas in the medium Picibanil OK-432, a lysis product of Streptococcus pyogenes,
GM-CSF, IL-4 and PGE2 were added [97 — 99]. In the medium Cytokines MNC were added to
culture with GM-CSF, TNF-q, IL-3, IL-4, stem-cell-factor (SCF) and FL [97, 100]. In the fifth
medium Poly (I:C) double-stranded RNA was used as a modulating agent together with GM-
CSF, IL-4 and incubated with the MNC [97, 101].

Afterwards DC and DCleu were characterized and quantified by Flow-cytometry according to
a gating-strategy described by former members of our group [97, 60, 102].

In an MLC T-cells from AML patients, stem cell donors or patients’ T-cells obtained after SCT
were incubated as effector cells with DC/DCleu or blast-containing MNC and after this
stimulation their lytic potential against leukemic blasts was tested in a cytotoxicity assay
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(CTX). The antileukemic capacity of T-cells after DC/DCleu- and MNC-stimulation could be
evaluated by measuring fractions of blast targets before and after effector-cell contact.
Cytokine- and chemokine-levels were quantified in serum and DC-culture supernatants by
Cytometric-Bead-Array (CBA) - cytokine-levels additionally in supernatants of MLC — and
correlated with antileukemic T-cell reactivity following MLC and the clinical course of the
disease. In this context Cut-off values were defined to predict ex-vivo antileukemic reactions
and the patients’ response to immunotherapy or occurrence of GVHD.

CBA is a well-established method in the evaluation and quantification of cytokines and
chemokines. Using the Becton Dickinson (BD) CBA Human Chemokine-Kit I, the BD CBA
Human-IL12 Kit and the TH1/TH2-CBA-Kit Il a preconfigured set of cytokines or chemokines
could be measured simultaneously by Flow cytometry, after incubation of serum or
supernatant probes with the antibody-coated capture beads.

Since IL-2, IL-4, IL-6, IFN-y,TNF-a, CCL2, CCL5, CXCL8, CXCL9, CXCL10 and IL-12 are significant
mediators of immune-reactions, the goal of this trial was to define release profiles in serum
of AML-/MDS-patients in correlation with disease subtypes and the clinical course as well as
in DC-culture supernatants and MLC in correlation with the antileukemic functionality of DC-
stimulated T-cells.

4.7 Publications Included in this Thesis and Contributions

The ex-vivo generation of DC/DCleu using various methods and the analysis of the cytokine
and chemokine release in patients’ serum, DC-culture supernatants, MLC are the main targets
of the three presented publications.

4.7.1 Publication I, Fischbacher et al 2016

Title: Cytokine Release Patterns in Mixed Lymphocyte Culture (MLC) of T-Cells with Dendritic
Cells (DC) Generated from AML Blasts Contribute to Predict anti-leukemic T-Cell Reactions
and Patients’ Response to Immunotherapy

Authors: D. Fischbacher, M. Merle, A. Liepert, C. Grabrucker, T. Kroell, A. Kremser, J. DreyBig,
M. Freudenreich, F. Schuster, A. Borkhardt, D. Kraemer, C.-H. Koehne, H.J. Kolb, C. Schmid &
H.M. Schmetzer

Journal: Cell Communication & Adhesion, 22:2-6, 49-65, DOI:
10.1080/15419061.2016.1223634

In a first step DC/DCleu were generated ex-vivo using three standard methods: 1. ‘MCM-
Mimic’ 2. ‘Picibanil’ 3. ‘Ca-ionophore’. In an MLC the obtained DC/DCleu or MNC were co-
cultured with thawed T-cells (autologous, allogenic or after SCT) and afterwards the
composition of T-cells was analysed by flow cytometry. In the following CTX the antileukemic
capacity of the stimulated T-cells was assessed. By CBA concentrations of IL -2, -4, -6, -10,
TNF-a and IFN-y in supernatants of MLC and AML-/MDS-patients’ serum were evaluated.

Results were correlated with the lytic activity of T-cells in the CTX and clinical parameters:
Increased cytokine-levels were detected in MLC culture-medium after DC-/MNC-stimulation
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of T-cells compared to serum. No significant differences in cytokine release between cases
with and without lytic activity of stimulated T-cells, response to immunotherapy (SCT or DLI)
and GVHD were detected. Nevertheless, predictive cut-off values for response to
immunotherapy, GVHD and the antileukemic activity of T-cells could be determined. Cases
with higher detectable amounts of TH2 cytokines (IL-4 and IL-10) showed a lower probability
of a response to immunotherapy or GVHD. A higher probability of a lytic T-cell activity was
observed in cases with a higher release of inflammatory cytokines (TNF-a, IL-6) or cytokines
mediating a TH1 response (IL-2, IFN- y) and less of a TH2 response (IL-4, -10).

Altogether, assessment of cytokine levels can help to predict patients’ response to
immunotherapy, occurrence of GVHD and the lytic functionality of T-cells but without further
functional tests they are not sufficient to predict antileukemic T-cell activity.

Contribution: Marion Merle carried out parts of the experimental work, contributed to data
acquisition, analysis and statistical work. She discussed results especially together with Dr.
Fischbacher and Prof. Dr. Helga Maria Schmetzer

4.7.2 Publication Il, Merle et al. 2019

Title: Serum Chemokine-release Profiles in AML-patients Might Contribute to Predict the
Clinical Course of the Disease

Authors: M. Merle, D. Fischbacher, A. Liepert, C. Grabrucker, T. Kroell, A. Kremser, J. DreyRig,
M. Freudenreich, F. Schuster, A. Borkhardt, D. Kraemer, C.-H. Koehne, H. J. Kolb, C. Schmid &
H. M. Schmetzer

Journal: Immunological Investigations, DOI: 10.1080/08820139.2019.1661429

In this trial five standard methods (‘MCM-Mimic’, ‘Ca-lonophore’, ‘Picibanil’, ‘Poly (I:C)’,
‘Cytokines’) were applied for ex-vivo generation of DC/DCleu from AML-/MDS-patients’
serum in a first step. Like in publication | the obtained DC/DCleu or MNC were then co-
cultured with patients’ or allogeneic T-cells in an MLC. Afterwards the antileukemic capacity
of the stimulated T-cells compared to MNC-stimulation was evaluated in a CTX. Levels of
CXCLS, -9, -10, CCL2, -5 and IL-12 were assessed in serum of AML-/MDS-patients and
correlated with clinical data and the course of the disease. Serum chemokine-levels
distinguished only slightly between various groups like age groups, FAB-types, blast
proportions, cytogenetic-risk-groups, but higher levels of CXCLS8, -9, -10 and lower levels of
CCL2 and -5 showed a tendential correlation with more favourable subtypes (<50 years of
age, <80% blasts in the PB). Moreover, in persisting disease higher CCL5-levels and at relapse
higher CCL2-levels in comparison to first diagnosis were detected, which might be a hint for
a changing ‘disease activity’ on a chemokine basis. Furthermore, patients’ response to
immunotherapy correlated with higher levels of CXCL8, -9, —-10 and CCL2 and lower levels of
CCLS5; for an occurrence of GVHD reversed correlations were seen. Considering all results, we
conclude that in serum of AML/MDS-patients higher levels of CXCL8, -9, -10 and lower levels
of CCL5 and in part of CCL2 correlate with more favourable subtypes and an enhanced
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antitumor’-reactive function. This knowledge might contribute to refine immune-modifying
approaches that promote antileukemic adaptive immune responses.

Contribution: Marion Merle carried out the majority of the experimental work, was
responsible for data acquisition, assessment and interpretation including all statistical work
and drafted the manuscript together with Prof. Dr. Schmetzer.

4.7.3 Publication Ill, Merle et al. 2021

Title: Conversion of AML-blasts to leukaemia-derived dendritic cells (DCleu) in ‘DC-culture-
media’ shifts correlations of released chemokines with antileukemic T-cell reactions
Authors: M. Merle, D. Fischbacher, A. Liepert, C. Grabrucker, T. Kroell, A. Kremser, J. Dreyfig,
M. Freudenreich, F. Schuster, A. Borkhardt, D. Kraemer, C.-H. Koehne, H. J. Kolb, C. Schmid &
H. M. Schmetzer

Journal: Immunobiology. 2021 Mar 20;226(3):152088. doi: 10.1016/j.imbio.2021.152088.

In analogy to publication Il DC/DCleu were generated ex-vivo from serum of AML-/MDS-
patients with 5 standard methods. Afterwards those DC/DCleu and MNC were co-cultured
with T-cells (autologous, allogeneic or after SCT) in an MLC. T-cell-composition was analysed
by flow cytometry. In a CTX the blast-lytic capacity of DC- or MNC-stimulated T-cells was
assessed. By CBA the release of CXCL8, -9, -10, CCL2, -5 and IL-12 was quantified in
supernatants from DC-generating media. Results were correlated with the patients’ serum
values, the antileukemic activity of T-cells following MLC (in comparison to MNC-stimulation)
and the clinical course of the disease. Higher chemokine-levels in supernatants of DC-cultures
in general correlated with an improved antileukemic activity of DC-stimulated T-cells
compared to MNC-stimulation, whereas in serum higher levels of CXCL8, -9 and —10 and lower
levels of CCL2 and -5 correlated with an improved antileukemic T-cell activity after DC-
stimulation. This might indicate a changing functionality of CCL2 and -5 in the context of DC-
stimulation compared to serum from a rather ‘inflammatory’ or ‘tumour-promoting’ to a
rather ‘antitumour’-reactive functionality. This might help to refine immune-modifying
approaches which are based on antileukemic (adaptive) immune-responses.

Contribution: Marion Merle carried out the majority of experiments, was responsible for data
acquisition, assessment and interpretation including all statistical work and drafted the
manuscript together with Prof. Dr. Schmetzer.

4.7.4 Conclusion

In our project we were able to show that an ex-vivo generation of DC/DCleu from MNC of
every AML-/MDS-patient is possible with at least one of various methods. Compared to MNC-
stimulation our results also indicate a more effective blast-lytic capacity of T-cells following
DC-stimulation, although not in every case.

An analysis of the cytokine-release revealed that DC- or MNC-stimulation of T-cells resulted
in increased cytokine- (IL-2, -4, -6, -10 and TNF-q, IFN -y) -levels in MLC compared to serum.
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In serum minimal differences in chemokine-levels subdivided into several groups (e.g., age
groups, FAB-types, blast proportions, cytogenetic-risk-groups) could be detected.

As higher levels of all studied chemokines (CXCLS8, -9, -10, CCL2, -5, IL-12) in DC-culture
supernatants but higher values of CXCL8-, -9-, and -10- and lower values of CCL2- and -5 in
serum correlated with improved antileukemic activity of T-cells after DC-stimulation
(compared to MNC-stimulation) a change of functionality of CCL2 and -5 from a more
‘inflammatory’ or ‘tumour-promoting’ to a more ‘antitumour’-reactive functionality can be
suspected.

Predictive cytokine- and chemokine-cut-off-values for antileukemic T-cell-activity, response
to immunotherapy and occurrence of GVHD could be determined. Thus, cytokine- and
chemokine-profiles can help to indicate the lytic T-cell-activity, patients’ response to
immunotherapy and occurrence of GVHD. Without functional assays they are not sufficient
to predict an antileukemic T-cell-activity but at least they might contribute to develop
immune-modifying strategies that promote antileukemic (adaptive) immune-responses.

5 Summary/Zusammenfassung
5.1 Summary

This thesis includes three publications based on a potential treatment strategy for AML-/MDS-
patients which utilizes DC and DCleu. These DC/DCleu are known as potent activators of
multiple immunoreactive cells. The special feature of DCleu is, that they are representing the
individual patient’s whole set of leukemic antigens and can be converted from leukemic
blasts. In this trial five standard DC/DCleu-generating methods (MCM-Mimic, Calcium-
lonophore, Picibanil, Poly (I:C), Cytokines), containing different combinations of immune-
modifiers (e.g., Interleukin 2 and 4, GM-CSF, TNF-a, Prostaglandin E2, OK-432) were applied.
As our group has shown before DCleu can be generated ex-vivo from any patient using at least
one of three DC/DCleu-generating methods (MCM-Mimic, Calcium-lonophore, Picibanil)
which have been proven most successful earlier. In a Mixed-lymphocyte-culture (MLC) the
generated DC/DCleu or mononuclear cells (MNC) were afterwards incubated as effector-cells
with autologous or allogeneic T-cells. In a last step the antileukemic capacity of the (DC- or
MNC-) stimulated T-cells was assessed in a cytotoxicity assay (CTX) by analysing the
proportions of lysed blasts. Thereby, an improved antileukemic functionality of DC/DCleu-
stimulated T-cells in contrast to MNC-stimulation was observed. Nevertheless, there were
cases in which DC/DCleu-stimulation of T-cells against leukemic targets was not successful.
In order to explain an antileukemic activity of DC/DCleu and T-cells in those reactions a
possible role of soluble factors like cytokines (Publication 1) and chemokines (Publication Il
and Ill) in serum (Publication | and IlI) and supernatants of MLC (Publication 1) and DC-
generating methods (Publication Ill) was evaluated.

In Publication | concentrations of the cytokines Interleukin-2, -4, -6, -10, tumour-necrosis-
factor-a and interferon-y were analysed in supernatants of MLC and in AML-/MDS-patients’
serum by cytometric-bead-array (CBA). Cytokine levels were correlated with the lytic activity
of T-cells stimulated by MNC or DC in a CTX and clinical data.

20



Compared to serum higher cytokine-levels in MLC culture-medium were detected. Despite
differences of cytokine-release between cases with and without lytic T-cell-activity, response
to immunotherapy or graft-versus-host-disease (GVHD) were not significant, predictive cut-
off-values could be defined. Cases with higher detectable amounts of the TH2 cytokines IL-4
and IL-10 showed a lower probability of a response to immunotherapy or occurrence of
GVHD. A higher probability of a lytic T-cell activity was observed in cases with a higher release
of the inflammatory cytokines TNF-a and IL-6 or TH1-mediating cytokines IL-2 and IFN- y and
a lower release of TH2-mediating cytokines IL-4 and IL-10.

In Publication Il levels of the chemokines CCL2, CCL5, CXCL8, CXCL9, CXCL10 and IL-12 were
analysed by CBA in patients' serum. Comparing several groups (e.g., age groups, FAB-types,
blast proportions, cytogenetic-risk-groups) only minimal differences regarding chemokine
release could be detected. Rather favourable subtypes (<50 years of age, <80% blasts in the
peripheral blood) tendentially correlated with higher levels of CXCL8, -9, -10 and lower levels
of CCL2 and -5. Furthermore, higher CCL5-levels in persisting disease and higher CCL2-levels
at relapse compared to first diagnosis might indicate a changing ‘disease activity’ on a
chemokine basis.

We also observed correlations of serum chemokine-levels with response to immunotherapy
and occurrence of GVHD in the course of the disease. A higher CXCL8-, -9-, -10- and CCL2-
release and a lower CCL5-release correlated with response to immunotherapy. Opposite
correlations with an occurrence of GVHD were seen.

From those findings it may be concluded, that higher levels of CXCLS8, -9, -10 in AML-/MDS-
patients’ serum and lower levels of CCL5 and partly of CCL2 correlate with more favourable
subtypes and enhanced antitumor-reactive functionality.

Publication 1l is based on the assessment of chemokine-release in supernatants of five
standard DC/DCleu-generating media by CBA. Results were compared to the patients’ serum
values, antileukemic T-cell-activity following MLC and the clinical course.

Despite wide variations between the patients, correlations of chemokine-release with
improved antileukemic T-cell activity after stimulation with DC in an MLC could be observed.
A higher release of chemokines in general correlated with improved antileukemic activity of
DC-stimulated T-cells (compared to stimulation with blast-containing MNC). In serum
however, higher values of CXCL8-, -9-, and -10- and lower values of CCL5 and -2 showed
correlations with an improved antileukemic capacity of T-cells stimulated by DC (compared
to MNC-stimulation).

Thus, comparing chemokine release in DC-culture supernatants versus serum, this might
point to a changing functionality of CCL2 and -5 in a context of ‘DC’-stimulation from a rather
‘inflammatory’ or ‘tumour-promoting’ to a more ‘antitumour’-reactive functionality.

In summary, DC/DCleu are promising targets for immunotherapeutic strategies as a potential
treatment of AML or MDS. Ex-vivo trials have proven the potent antileukemic capacity of DC-
stimulated T-cells and to refine those strategies is the goal of ongoing trials.

Altogether, by correlating cytokine- or chemokine-levels with ex-vivo functional tests
conclusions on the antileukemic functionality of DC-stimulated T-cells or patients’ response
to immunotherapy and GVHD can be gained. Cytokine- or chemokine-levels alone, however,
cannot completely be considered as useful tools, as only few results correlated with clinical
features — although CBA-assays are sensitive and reliable tools to specifically detect and
guantify soluble cytokines and chemokines.
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For a better understanding of the functionality of soluble factors like cytokines and
chemokines in antileukemic reactions further measurements during the whole process of
MLC and cytotoxicity assay are necessary.

Nevertheless, in the future in the context of an immunotherapy cytokine and chemokine
profiling might contribute to anticipate cellular activities of T-cells and DC and the patients’
response to the initiated therapy.

5.2 Zusammenfassung

Die Publikationen, die in dieser Dissertation enthalten sind, basieren auf einer potentiellen
Behandlungsstrategie flir AML-/MDS-Patienten, welche dendritische Zellen (DC) und DC
leukdmischen Ursprungs (DCleu) verwendet. Diese DC/DCleu sind bekanntermallen potente
Stimulatoren verschiedenster immunreaktiver Zellen. Die Besonderheit von DCleu ist, dass
diese das vollstandige leukdmische Antigenrepertoire jedes einzelnen Patienten prasentieren
und dass sie aus leukdamischen Blasten umgewandelt werden kénnen. In dieser Versuchsreihe
kamen funf Standard DC/DCleu-Generierungsmethoden (MCM-Mimic, Calcium-lonophore,
Picibanil, Poly (I:C), Cytokines), welche unterschiedliche Kombinationen von
immunmodifizierenden Agentien beinhalten (z.B. Interleukin 2 und 4, GM-CSF, TNF-q,
Prostaglandin E2, OK-432), zur Anwendung. Wie unsere Arbeitsgruppe zuvor gezeigt hat,
kénnen von jedem Patienten DCleu generiert werden unter Verwendung von mindestens
einer von drei DC/DCleu-Generierungsmethoden (MCM-Mimic, Calium-lonophore, Picibanil),
welche sich vorab als effektivste Methoden erwiesen haben. In einer gemischten
Lymphozytenkultur (MLC) wurden die generierten DC/DCleu oder mononukledren Zellen
(MNC) als Effektorzellen im Anschluss mit (autologen und allogenen) T-Zellen inkubiert. In
einem letzten Schritt wurde dann die antileukdamische Kapazitdt der stimulierten T-Zellen in
einem Zytotoxizitatstest (CTX) durch Analyse des lysierten Blastenanteils evaluiert. Hierbei
wurde eine verbesserte antileukdmische Funktionalitit DC/DCleu-stimulierter T-Zellen im
Vergleich zu einer MNC-Stimulation beobachtet. Nichtsdestotrotz, gab es Falle, in denen eine
DC/DCleu-Stimulation von T-Zellen gegen leukdamische Blasten nicht erfolgreich war.

Um die antileukdmische Kapazitdt von DC/DCleu und T-Zellen in diesen Reaktionen zu
erklaren wurde eine mogliche Rolle l6slicher Faktoren wie Zytokine (Publikation 1) und
Chemokine (Publikation Il und Ill) im Serum (Publikation | und Il) und Zellkulturiberstanden
von MLC (Publikation I) und DC-Generierungsmethoden (Publikation Ill) untersucht.

In der Publikation | wurden Konzentration der Zytokine Interleukin-2, -4, -6, -10, Tumor-
Nekrose-Faktor- a und Interferon-y in Uberstdnden von MLC und Serum von Patienten mit
AML/MDS mit Hilfe eines Immunassays zur Detektion von Zytokinen/Chemokinen
(Cytometric-bead-array (CBA)) analysiert. Die Zytokinkonzentrationen wurden mit der
lytischen Aktivitdt von MNC- oder DC-stimulierten T-Zellen in einem Zytotoxizitatsversuch
(CTX) und klinischen Daten korreliert.

Im Vergleich zum Serum wurden hohere Zytokinwerte im MLC-Kulturmedium gefunden.
Obwohl keine signifikanten Unterschiede der Zytokinfreisetzung zwischen Fallen mit und
ohne lytischer T-Zellaktivitat, Ansprechen auf eine Immuntherapie oder Graft-versus-host-
disease (GVHD) gefunden wurden, konnten pradiktive Cut-off Werte definiert werden. Falle
in denen groRRere Mengen der TH2-Zytokine IL-4 und IL-10 detektiert wurden, zeigten eine
geringere Wahrscheinlichkeit fir ein Ansprechen auf eine Immuntherapie oder Entwicklung
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einer GVHD. Eine hohere Wahrscheinlichkeit fiir eine lytische T-Zellaktivitdat wurde in Fallen
mit einer hoheren Freisetzung der inflammatorischen Zytokine TNF-a und IL-6 oder der TH1-
vermittelnden Zytokine IL-2 und IFN-y und eine geringere Freisetzung der TH2-vermittelnden
Zytokine IL-4 und IL-10 beobachtet.

In der Publikation Il wurden die Konzentrationen der Chemokine CCL2, CCL5, CXCLS8, CXCLS9,
CXCL10 und IL-12 mittels CBA im Serum von AML-/MDS-Patienten analysiert. Im Vergleich
zwischen verschiedenen Gruppen (z.B. Altersgruppen, FAB-Typen, Blasten-Anteil,
zytogenetisches Risiko) wurden nur minimale Unterschiede festgestellt, eine hdhere
Freisetzung von CXCLS8, -9, -10 und eine niedrigere Freisetzung von CCL2 und -5 korrelierte
tendenziell mit glinstigeren Subtypen (<50 Jahre, <80% Blasten im peripheren Blut). Dartiber
hinaus wurde eine hohere CCL5-Freisetzung bei Krankeitspersistenz und eine signifikant
erhohte CCL2-Freisetzung im Rezidiv im Vergleich zur Erstdiagnose gefunden, was auf eine
Veranderung der Krankheitsaktivitat auf Chemokin-Niveau hindeuten mag.

Wir konnten auch Korrelationen von Serum-Chemokin-Konzentrationen mit einem
Ansprechen auf eine Immuntherapie und das Auftreten einer GVHD beobachten. Héhere
Werte fir CXCLS, -9, -10 und CCL2 und niedrigere CCL5-Werte korrelierten mit dem Erreichen
eines Ansprechens auf eine Immuntherapie. Darliber hinaus korrelierten hohere Werte fir
CCL2 und =5 und niedrigere Werte fir CXCL8, -9 und —10 mit dem Auftreten einer GVHD.
Aus diesen Befunden kann geschlossen werden, dass im Serum von AML-Patienten hohere
Konzentrationen von CXCLS, -9, -10 und niedrigere Konzentrationen von CCL5 und teils CCL2
mit glnstigeren Subtypen und verbesserter antitumor-reaktiver Funktion korrelieren
kdénnten.

Die Publikation Il basiert auf der Analyse der Chemokinfreisetzung in Uberstanden von fiinf
Standard DC/DCleu-Generierungsmethoden mittels CBA. Die Ergebnisse wurden mit den
Serumkonzentrationen der Patienten, antileukdmischen T-Zellreaktionen nach MLC und dem
klinischen Verlauf der Patienten verglichen.

Obwohl die Ergebnisse groRe Unterschiede in den Chemokinkonzentrationen zwischen den
Patienten ergaben, konnten Korrelationen mit einer verbesserten antileukdmischen T-Zell
Aktivitat nach Stimulationen von T-Zellen mit DC in einer MLC beobachtet werden. Eine
hohere Chemokinfreisetzung korrelierte generell mit einer verbesserten antileukamischen
Aktivitat von T-Zellen nach DC-Stimulation (im Vergleich zu einer Stimulation mit Blasten-
enthaltenden MNC). Im Serum jedoch korrelierten hohere Konzentrationen von CXCLS, -9 und
—10 und niedrigere Konzentrationen von CCL2 und -5 mit einer verbesserten
antileukdmischen Aktivitdt von DC-stimulierten (im Vergleich zu MNC-stimulierten) T-Zellen.
Im Kontext einer DC-Stimulation mag die Chemokinfreisetzung in DC-Kultur-Uberstinden im
Vergleich zum Serum auf eine Veranderung der (CCL-5 und —2 assoziierten) Funktionalitat von
einer eher “inflammatorischen” oder “tumorunterstiitzenden” Funktionalitat (im Serum) zu
einer eher “tumorunterdriickenden” Funktionalitat (in DC-Kultur-Uberstinden) hindeuten.
Zusammenfassend sind DC/DCleu vielversprechende Ziele immuntherapeutischer Strategien
zur Behandlung von AML/MDS. Versuche haben ex-vivo die potente antileukdmische
Kapazitat DC-stimulierter T-Zellen nachweisen konnen und diese Strategien zu verfeinern ist
Gegenstand weiterer Studien.

Insgesamt konnten die Analyse von Zytokin- und Chemokinprofilen und die Korrelation mit
ex-vivo funktionalen Tests dazu beitragen, zumal sie Hinweise auf die antileukdamische
lytische T-Zell-Aktivitdt nach DC-Stimulation, ein Ansprechen der Patienten auf eine
Immuntherapie und Entwicklung einer GVHD liefern kénnen.
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Zytokin- oder Chemokinwerte alleine jedoch, kénnen nicht als sinnvolles Instrument erachtet
werden, zumal nur wenige Ergebnisse mit klinischen Merkmalen korrelierten — dennoch sind
CBA-Messungen ein sensitives und verldssliches Werkzeug um l|6sliche Zytokine und
Chemokine nachzuweisen und zu quantifizieren. Fir ein besseres Verstindnis der
Funktionalitdt |6slicher Faktoren wie Zytokine und Chemokine in antileukdmischen
Reaktionen, sind weitere Messungen wahrend dem ganzen Verlauf von MLC und
Zytotoxizitatsversuch notwendig. Nichtsdestotrotz konnte die Analyse von Zytokin- und
Chemokinprofilen in einem Kontext einer Immuntherapie zukiinftig dazu beitragen die
zelluldren Aktivitaten von T-Zellen und DC und die Antwort der Patienten auf die begonnene
Therapie vorherzusagen.
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