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ABSTRACT 
[bookmark: _Hlk489212259][bookmark: _Hlk489213112]Introduction: Paramunity-inducing-Factors (PINDs) consist of attenuated/inactivated viruses of various poxvirus-genera, used in veterinary medicine as non-antigen-specific, non-immunising stimulators of the innate immune system against infectious and malignant diseases. Their danger-signaling-interactions were tested for their capacity to improve leukemic antigen-presentation on DC generated from AML-patients’ blasts (‘DCleu’) and DC-stimulation/activation of antileukemic T-cells. 
Methods: We analyzed, whether the addition of PINDs during DC cultures (15 healthy, 22 leukemic donors) and mixed lymphocyte culture (MLC, n=15) with autologous (n=6), allogeneic (n=2) or T-cells after stem cell transplantation (SCT; n=7) would alter the quality and quantity of DC, the composition of T-cell-subsets, and/or their antileukemic functionality (AF) as studied by FACS and functional Fluorolysis-cytotoxicity-assays.
Results: Effects on 1. DC-cultures: PINDs in DC-cultures lead to increased proportions of mature DC and DCleu, but reduced proportions of viable and overall, as well as TLR4- and TLR9-expressing DC. 2. MLC: PINDs increased early (CD8+ )T-cell activation (CD69+), but reduced proportions of effector-T-cells after MLC  3. AF: Presence of PINDs in DC- and MLC-cultures reduced T-cells’ as well as innate cells’ antileukemic functionality. 4. Cytokine-release profile: Supernatants from PIND-treated DC- and MLC-cultures resembled an inhibitory microenvironment, correlating with impaired blast lysis.
Conclusions: Our data shows that addition of PINDs to DC-cultures and MLC result in a “blast-protective-capacity” leading to impaired AF, likely due to changes in the composition of T-/innate effector cells and the induction of an inhibitory microenvironment.
PINDs might be promising in treating infectious diseases, but cannot be recommended for the treatment of AML-patients due to their inhibitory influence on antileukemic functionality.
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Introduction
[bookmark: _Ref387045764][bookmark: _CTVP001fc47c8e92f4d4d6196417e8bd7dfaf29][bookmark: _Ref410084738][bookmark: _CTVP001ffb9a0250d8a4b4b8352252a112c1a6f][bookmark: _CTVP001c3bc67a18ab64f98a651e4ad6fe39ec6][bookmark: _CTVP00114d2aaf2534d49a59a9cddd2bfee32c9]Allogeneic hematopoietic cell transplantation (allo-SCT) represents the only potentially curative therapeutic strategy in acute myeloid leukemia (AML) [1], with donor T cells being the most important mediators of antileukemic reactions [2, 3], though relapses after SCT occur. Restoring remission in relapsed patients after allogeneic SCT can be augmented by a transfusion of donor T cells (DLI), thereby emphasizing the central role of T-cells. However, not all relapsed patients respond to a DLI-based therapy, moreover, graft versus host reactions can impair the effectiveness of SCT and immunotherapy of relapses [4]. Reasons for varying T-cell effects and methods to restore or improve the anti-leukemic capacity of effector-cells, such as T cells engineered to express chimeric antigen receptors (CARs) or engineered T cell receptors (TCRs) have provided promising results and are the subject of ongoing research [5]. 
[bookmark: _CTVP001b71790e495d34ce092452b844ccfdf14][bookmark: _Ref387912936][bookmark: _CTVP0018dc76af6c6cb4c7ea303d83364765820]DCs, amongst other tasks, act as key controllers of antigen-specific effector T cell responses, stimulating tumor cytotoxic T cells in particular. They thereby serve as an essential link between the innate and the adaptive immune systems. This makes DC-based tumor immunotherapies a highly interesting target for anti-tumor or anti-leukemic vaccination strategies, summarized under the term "DC vaccines". Molecular identification of tumor-specific antigens recognized by T lymphocytes has led to different strategies of their presentation through DC, e.g. antigen-pulsing [1, 6, 7]. A different approach, which is pursued by our group, employs DC of leukemic origin (DCleu), which can be generated by directly converting leukemic cells from AML patients in vitro (as described below), thereby co-presenting DC-typical antigens (e.g. CD40, CD86, CD80, CD1a, CD83), and thus regaining the stimulatory capacity of mature professional DC [6, 8, 9].
[bookmark: _Hlk499110272][bookmark: _CTVP001adcd574cd9384067ab236442f7c308c7]Our group has been able to further elicit DCleu-containing-DC induced T cell response patterns after mixed lymphocyte culture (MLC) of DC with T cells: T-cells, obtained from AML-patients (autologous) or donors (allogeneic), can be stimulated by those DCleu, resulting in very efficient cytotoxic effector cells with specific lytic activity against naïve blasts, although not in every case [10, 11], which prompted us to search for means to further improve the method. 
[bookmark: _Ref387925822][bookmark: _CTVP0011442146c47a549b7a6fd8ac7f1734480]It has been shown, that in addition to disease-specific effects, vaccines against infectious diseases can have nonspecific effects on the ability of the immune system to react to other targets [12]. The so called “Paramunity inducers” (PINDs) utilize this as their functional principal. 
[bookmark: _Ref387046635][bookmark: _CTVP0014580e90c188d47fe981f5a2d9e4cd12e][bookmark: _CTVP001677d3f1e165d4d8b94caecd035f4ba2d]PINDs consist of highly attenuated (by 0.05 % β-propiolactone) and inactivated virus strains of various poxvirus-genera with closely linked protein complexes in the envelopes of the virus particles being responsible for their efficacy. Their development was based on observations of positive side-effects of smallpox vaccinations repeatedly described from the late 18th century onwards: healing of chronic skin rashes and reduced susceptibility to various infectious diseases, e.g. measles, scarlet fever and whooping cough. Even the prophylactic use of the vaccination, e.g. against syphilis, is described [13–15]. An early case report on long-term remission of chronic lymphatic leukaemia after smallpox revaccination dates back to the late 1970s [16]. 
[bookmark: _CTVP001e7037766b64d474982dc84b9e494d681][bookmark: _CTVP001265bf8ae98f349fc86efc4e57e88e604][bookmark: _CTVP001edbcdfa7feb14b638ab565405de3a03f][bookmark: _CTVP0014dfa76ee0e5e484cb4d7bc394af76d12][bookmark: _Hlk499575372]The first experimental proof of non-specific effects from a specific trigger came from the observation of the so called “ring-zone-phenomenon”. This was based on the production of soluble antiviral substances in infected chicken embryos and cell cultures after being exposed to avi-pox-viruses, thereby protecting neighbouring cells from infections [17]. Based on these experiments Mayr et al. began to develop PINDs as non-immunising vaccines, with the capability of generating endogenic protective, non-antigen specific (“paramunising”) mechanisms. PINDs lead to an activation and regulation of the paraspecific, i.e. innate and unspecific immune system against noxious substances from the outside (e.g. bacteria) or the inside (tumours cells) [14, 15]. Ahne et al. [18] showed, that the PIND “CONPIND” initiated the production of major inflammatory mediators, most notably TNF-α, in whole blood and in human mononuclear cell cultures. The most notable evidence of their potential efficacy was shown with cats positive to feline leukaemia virus (FeLV), which recovered within two weeks after PIND-treatment [19]. Regardless of the promising results, there is a scarcity of non-veterinarian studies on PINDS and there are none in a malignant setting.
[bookmark: _CTVP001c728abb4e94c4cba90d1d607d643ca6a][bookmark: _CTVP001574ed36289f84ed9ad52ca15da3b6b9d]Interactions between pathogen-associated molecular patterns (PAMPs) on the surface of pathogens, and innate immune pathogen recognition receptors (PRRs), such as Toll-like receptors (TLRs), control for both, innate and adaptive immunity, thereby offering a possible mechanism of action of PINDs. Cancer immunotherapy may utilize immune responses against PAMPs. For example TLRs are known to be able to activate a complex signaling cascade, leading to regulation of DC-activity, including phagocytosis, chemokine receptor expression, migration from peripheral tissue to draining lymph nodes, enhanced antigen presentation by antigen presenting cells (APCs), eventually resulting in increased production of cytokines, chemokines, adhesion molecules and antimicrobial peptides [20–24]. TLR4 and TLR9 (which we analyzed in this study) are receptors involved in immune reactions against bacterial and/or viral ‘danger signals’ [25, 26].
The aim of our study was to determine, whether the addition of PINDs to DC/DCleu cultures could 1) optimize their antigen-presenting potential, 2) improve the composition and function of DC-stimulated T-cells in MLC (in the presence of additionally added PINDs) and 3) improve the function of cells of the innate immune system. 
Therefore we added PINDs to DC-cultures of AML blasts to allow PIND-phagocytosis/processing in maturating DC differentiating to ‘leukemia-derived DC’, as well as to MLC-cultures to additionally stimulate T-cells. Our hypothesis was that immunogenity, enhanced this way, would lead to an improved activation and subsequently superior antileukemic functionality of T-cells. Therefore, we compared the composition, quantity and quality of defined DC- and T-cell-subtypes before and after respective cultures, and correlated the data with the antileukemic functionality of stimulated T-cells in the presence and absence of PINDs. In addition we performed some experiments using mononuclear cells, containing T- as well as NK cells, as effector cells.
[bookmark: _CTVP00147daf2eb26d84b9dac0a78cb39b3d4cb]According to our hypothesis based on physiological functions of DC, PINDs administered to AML patients could be phagocytized by patients` spontaneously arising DC/ leukemia-derived DC in vivo, thereby leading to ‘improved leukemic antigen presentation’ and induction of antileukemic T-cell-immunity in vivo. Moreover PINDs – based on observations of Horber and Mayr [14, 19] – could directly induce cells of the innate immune system. These mechanisms could contribute to stabilization of disease or remissions in AML patients. 


Materials and methods
1. Patients
Heparinized blood samples were taken by aspiration of peripheral blood (PB) or bone marrow (BM), after obtaining informed consent. Samples were collected from healthy test persons and from AML-patients. Clinical characteristics of samples which were used in cytotoxicity fluorolysis assays are given in Table 1.
2. Diagnostics
[bookmark: _CTVP0018e921f17dde344658fbab6405a83e7b5][bookmark: _CTVP001f4dd67222b19448a806bee89d75e647f]Diagnostic reports were provided by accredited laboratories of the patients’ treating institution. Diagnosis of AML was based on the French-American-British (FAB) classification [27] and flowcytometry to define a blast phenotype [28, 29].
3. Sample Collection
Mononuclear cells (MNCs) were separated from whole blood samples by density gradient centrifugation (Ficoll-Hypaque, Biochrom, Berlin, Germany), then washed and suspended in phosphate-buffered saline (PBS) without Ca2+ and Mg2+ (Biochrom, Berlin, Germany). After quantification MNC were frozen with standardized procedures and stored in liquid nitrogen until use. 
[bookmark: _CTVP0013b8eee30e1e44f3aa45a8be3f7dc9e43]T-cells were obtained through positive selection by CD3+antibodies (Milteney Biotech, Bergisch-Gladbach, Germany 1 x 106 cells/well) from MNC from AML patients or from healthy stem cell donors, as described [10, 11].
4. DC Generation
[bookmark: _Ref387914644][bookmark: _CTVP0018fd36ef4a0fa440fad9700180db4a625][bookmark: _CTVP001c884fd39bb8b40f5b3409cfe1807e0c4][bookmark: _CTVP001a525e14c95c94734a9fc302331bcadd1][bookmark: _CTVP0011b2b7437894c40a6be2d34257d241b97][bookmark: _CTVP001997a6b5016e145b8961b49268fdb1cfc]MNCs were pipetted in 12-well tissue culture plates in 1ml Xvivo (Bio Whittaker Europe, Verviers, Belgium) FCS-free medium: Dendritic cells (DCs) were generated (in a preliminary experiment) in parallel with 4 different DC generating methods: MCM-Mimic (‘MCM’) [30], Ca-Ionophor (‘Ca’) [31], and Picibanil (‘Pici’) [32], Intron (‘Int’) [33]. Subsequently, the method resulting in highest DC counts was chosen for quantitative generation of DC as described by us [6, 8, 9] in the main experiments. These were performed in parallel settings with or without added PINDs, as given in the experimental workflow (figure 1). 
[bookmark: _CTVP0016352c06ba18043c19c583a90c7ef8f96]“MCM”: DC were generated from 2-2.5 x106 MNC/ml in ‘MCM-Mimic’ medium containing 800 U/ml granulocyte macrophage-colony stimulating factor (GM-CSF; Sandoz, Holzkirchen, Germany), 500 U/ml Interleukin 4 (IL-4; Cell Concepts, Umkirch, Germany) and 40 ng/ml FLT3-Ligand (FLT; PromoCell, Heidelberg, Germany) for 10-14 days, adding the same cytokines after 4-5 days again. On day 7 - 8 half medium exchange was performed, and 150ng/ml IL-6 (Cell Concepts, Umkirch, Germany), 5 ng/ml IL-1 (Cell Concepts, Umkirch, Germany), 1µg/ml Prostaglandin E2 (PGE2, Pfizer, Vienna, Austria) and 200U/ml Tumor necrosis factor (TNF)  (Cell Concepts, Umkirch, Germany) were added. After 10-14 days, cells were harvested for subsequent experiments [6, 8, 30].
[bookmark: _CTVP00172b5dab89b3e4a50a8fbe0f80488b2aa]“Ca”: DC were generated from 7x105 MNC/ml in ‘Ca-Ionophore’ medium adding 375ng/ml A23187 (Sigma-Aldrich, Thum, Germany) and 250 U/ml IL-4. After 3-4 days, cells were harvested for subsequent experiments [6, 31].
[bookmark: _CTVP0010c8cf639c9fb4215b7f7473051232834]“Pici”: DCs were generated with ‘Picibanil’, a lysis product of Streptococcus pyogenes which has nonspecific immunomodulatory effects, from 2 - 2.5 x106 MNC/ml in the presence of 500 U/ml GM-CSF and 250 U/ml IL-4. After 7 to 8 days in culture, 10 µl/ml OK-432 (Chugai Pharmaceuticals, Kamakura City, Japan) and 1µg/ml PGE2 were added. Cells were harvested after 9 - 11 days in culture [8, 32].
[bookmark: _CTVP001b7c3db3d617f43499f0f915c2dcfc354]“Int”: DC were generated from 2-2.5x106 MNC/ml in ‘Intron’-medium containing 800 U/ml GM-CSF, and 5µl/ml Interferon alpha (Int; PromoKine, Heidelberg, Germany) for 10-14 days, adding the same cytokines after 4-5 days for a second time. On day 7 - 8 half medium exchange was performed, and 800 U/ml GM-CSF, 5µl/ml Int and 200 U/ml TNF were added. After 10-14 days, cells were harvested for subsequent experiments [33, 34].
“PINDs”: In order to potentially further improve their T-cell stimulating capacity, we cultured DC using the methods described above, in parallel adding PINDS consisting of Parapox-ovis, Parapox-avis or a combination of both virus stems (see Table 2), to the respective medium. Zylexis is commercially available from Pfizer AH, Inc. (formerly Baypamun from Bayer, Inc.). HP and 3P were prepared and provided by I. Harabacz, HP-3P is their 1:1 combination. Conpind is also a combination of both virus stems, prepared and provided by B. and A. Mayr. 
[bookmark: _Hlk499657039]Lyophilized products were resolved in aqua ad injectionem as recommended, resulting in PIND-concentrations of 25 mg/ml (46 IFN-Units). Dilutions of 1:5, 1:10 and 1:20 were used, resulting in end-concentrations of 9.2, 4.6 or 2.3 IFN-Units in cultures. Dilutions of 1:5 and 1:10 of our settings were chosen according to personal recommendation of Prof. A. Mayr  and used for previous experiments. Finally we used the 1:20 dilution because of an increased accumulation of dead cells in the 1:5 and (to a lesser extent) in the 1:10 concentrations (see “Results - 1.2 Usage of PINDs in a concentration of 1:20” for further information).
All experiments were performed according to the strategy given in chapter 11 (experimental setup).
5. Flow cytometry
[bookmark: _CTVP0018fb11e9d36c34ec6890f8cfe5d8da65c]Flow cytometric analyses with a panel of mouse monoclonal antibodies (moABs) directly conjugated with fluorescein isothiocyanate (FITC), phycoerythrin (PE), tandem CY7-PE-conjugation (PC7), or allophycocyanin (APC) was performed to evaluate and quantify amounts and phenotypes of leukemic cells, DCs, B-cells, T-cells and NK-cells in the PB/BM samples as described [10]. Antibodies were purchased from Immunotech/Beckman Coulter (a), Becton Dickinson(b),  Caltag (c), Serotech (d) and Invitrogen (e). The following conjugated moABs were used: FITC: CD40c, CD80ab, CD83a, CD86c, CD3a, CD25a, CD39d, CD45ROa and CD122d; PE: TLR9a, CD4a, CD8b, CD56a,CD73b, CD80a, CD83a, CD86bc, CD127a, CD152a and CD206a; PC7: CD1aa, CD3a, CD4a, CD25a, CD40c, CD56a, CD83bc, CD86c, CCR7b, TLR4aand 7AADa; APC: CD1aa, CD3a, CD8b, CD25e, CD33a, CD34a c, CD40c, CD45ROe, CD69b, CD71b, CD117a and CD206a. 
[bookmark: _CTVP001c5b4ee997b4d42a6b339b9aeead0fe46]Cells were suspended in PBS with 20% FCS (Biochrome) and incubated with the moABs according to manufacturer’s instructions. For intracellular staining, we used FIX & PERM reagents (CALTAG Laboratories, manufactured by An Der Grub Bio Research GmbH, Austria) according to manufacturer’s instructions for fixation and permeabilization, in order to facilitate antibody access to intracellular structures, leaving the morphological scatter characteristics of the cells intact. Proportions of positive events in the defined gate compared with the isotype controls were calculated using CellQuest Software (BD), as described [6, 8, 10].
6. Quantification and characterization of DC by Flow Cytometry
[bookmark: _CTVP00159bdeaffefcc4b2dbb13c22d2854b3fb]DCs were generated, harvested, counted and quantified by flow cytometry as described above. Before culture mononuclear cell samples were characterized to identify the blast marker with the highest expression, as well as DC-markers with low/no expression in MNC. After culture these blast and DC markers were combined to identify the DC-method which yielded the highest DC-count (characterized by expression of DC-markers, that were not expressed on uncultured cells) and DCleu (characterized by co-expression of DC- and blast markers).  DCs were characterized by the proportionally highest expressed DC-marker (DCopt). For further analysis and quantification of DCs, and especially leukemia-derived DC, a refined gating strategy was applied [9]. This strategy takes into consideration different scatter profiles of blasts and DC and enables a sensitive detection and quantification of blasts, which were not converted to DCleu, of DC without proof of leukemic derivation and of DC with leukemic derivation (DCleu). In addition viable (DCopt not co-expressing 7AAD; DCvia) or mature (DCopt co-expressing CD83; DCmat) DC in DC-fractions were identified (Table 3 a).
7. Mixed Lymphocyte Culture (MLC)
[bookmark: _CTVP001b1e73b7f30c546c5bb12bcdc9b73a268]Previously selected CD3+ T-cells from MNC from AML patients or from healthy stem cell donors were co-cultured and stimulated with irradiated (20Gy) AML-blast containing MNC in the presence/absence of Zylexis (5x104 ‘MNC’; T(MNC), T(MNC+Z)) and in parallel with irradiated DCleu-containing DC (5x104 ‘DC’; T(DC)), irradiated DCleu-containing DCz and additional Zylexis (5x104 ‘DC’; T(DCz +Z)) in 1 ml MLC-Medium (RPMI 1640 medium (Biochrom) containing 15% human serum (PAA) and 50U/ml IL-2 (Proleukin R5, Chiron)). In these comparative settings the influences of Zylexis should be optimized: Zylexis was not only added to DC cultures (giving DC the chance to phagocyte, process and present Zylexis-antigens), but also to MLC in order to benefit from DC-mediated as well as direct influences of Zylexis on T-cells. Various experimental settings are given in table 3 b. Total DC-counts in the MLC were adjusted to 5x104 DC per 1x106 T-cells. Cells were restimulated with 5x104 ‘DC’ or 5x104 ‘MNC’ and supplementation with IL-2, as described [8] with a half-medium-exchange on day 4. On day 7 cells were harvested and the cytotoxicity assay was carried out. Some experiments were performed using MNC fractions (containing T- as well as NK or other cells of the cellular immune system) as effector cells. For better comparability with results obtained with T-cells as effector cells cell counts in the MLC using MNC as effector cells were adjusted to T-cell counts in the effector cell suspension using only T-cells; the remaining experimental settings were performed in analogy to MLC using T-cells with/without addition of Zylexis and stimulation with DCleu containing DC (MNC(DC), MNC(DCz+Z) or blast-containing MNC (MNC(MNC), MNC(MNC+Z); Table 3b).
[bookmark: _CTVP00106119fd54cbb4a2c9541386c8fe5de2b]Antigen expressions on (allogeneic or autologous) CD3+ T-cells were evaluated by FACS-analyses comparing the co-expression of CD28, CD154, CD4, CD8, CD45RA, CD45RO, CD25, CD71 before and after blast derived ‘MNC’- or ‘DC’-contact. This let us evaluate proportions of proliferating, costimulatory, naïve, memory, central memory or CD4+/CD8+ or migratory T-cells before and after ‘MNC’ or ‘DC’ co-culture [10, 35, 36]. Subtypes of T cells are given in Table 3 c.
[bookmark: _Hlk498535586]8. Cytotoxicity Fluorolysis Assay
[bookmark: _CTVP001a6d8afce7980485b960b863be510cc5b]The lytic activity of effector T-cells or MNC (containing T- and NK-cells) was measured by a Fluorolysis-Assay by counting viable blast target cells, labeled with specific fluorochrome antibodies, before and after effector cell contact as described [10].
[bookmark: _CTVP0011e42532e7f4d4f099caa37c1c11a3260]Stimulated effector-cells (T-cells or MNC) from healthy HLA-matched donors (=allogeneic) or from AML and MDS patients (=autologous) as well as non-stimulated T-cells (=uncultured, Tu) as a control (see Table 3 c) were co-cultured with thawn blasts as target cells, which were stained for 15 min with two FITC- and/ or PE conjugated ‘blast’ specific antibodies before culture. The effector- to target-cell ratio was adjusted to 1:1 and the cells were co-cultured for 24 h. To evaluate amounts of viable (7AAD-) target cells and to quantify the cell-loss after 24 h of incubation time, cells were harvested, washed in PBS and re-suspended in a FACS flow solution containing 7AAD (BD, Biosciences Pharmingen) and a defined number of fluorosphere calibration-beads (Becton Dickinson, Heidelberg, Germany). Viable cells were gated in a SSC/7AAD-gate. Afterwards, viable, 7AAD-negative cells co-expressing a specific blast marker (combinations) were quantified by taking into account defined counts of calibration beads as described. Cells were analyzed in a FACS Calibur Flow Cytometer using CELL Quest software (Becton Dickinson, Heidelberg, Germany). The percentage of lysis was defined as the difference between proportions of viable blasts before and after the effector cell contact [8].
9. Cytometric bead assay (CBA) for cytokine and chemokine analysis
[bookmark: _CTVP0015813af41460a41a199435312ef132978]During DC-generation (n=11) and MLC (n=5) 500μl-supernatants of each sample were taken and stored at -80ºC until analysis. The TH1/TH2-CBA-kit II with antibodies for IL-4, IL-6, IL-10, TNF-α and IFN-γ was used for analysis. As a control cytokine levels in cell culture media (RPMI+20% human serum, Biochrom, Berlin, Germany) without cells added were measured. The standard serial dilutions of positive and negative controls of the respective cytokines were included. 50μl mixed human TH1/TH2 Cytokine capture beads and 50μl PE Detection Reagent were incubated with 50μl of each test sample in assay tubes (12x75mm, BD Falcon) for 3 h at room temperature. After a washing step with 1ml Wash Buffer the assay tubes were centrifuged at 200g for five min, the bead pellets resuspended in 300μl Wash Buffer and analyzed by flow cytometry. Each sample was tested once, as recommended. Cytokines or chemokines measured in the samples were quantified using the standard curve [37].
10. Statistical methods
Mean and standard deviation, median and range, two-tailed t-tests and analyses of variance (ANOVA) were performed with a personal computer using Excel 2010 (Microsoft) and Graph Pad PRISM (GraphPad Software, Inc.). In detail we used the ANOVA-test when comparing parameters from more than two sets of data, e. g. values of a DC-parameter obtained in a given experiment without PINDs (w/o) and with several different PINDs (e.g. Zylexis, Conpind, etc.). The best result among any of the four DC-generating-methods was individually chosen for w/o and each PIND and selected for comparison. 
We used the t-test when comparing parameters from two sets of data, e.g. w/o and a single PIND (Zylexis) or differently pooled averages of DC-parameters from different PINDs (Ø). In both cases we either used the value obtained with the best DC-generating-method in the presence of the PIND, or selected the value in analogy to the best method obtained w/o. 
Differences were considered as significant, if the p-value was  0.05.
11. Experimental setup
Influences of various PINDs on peripheral blood-cells (from healthy or AML-donors) was to be studied in various experiments: 1) DC were generated in the presence versus absence of PINDs. 2) Compositions of DC- (or MNC) stimulated T-cells after MLC (again in the presence vs absence of PINDs) were evaluated. 3. T-cells’ antileukemic effects after MLC (cytotoxicity assay).
Preliminary experiments were performed to compare 1) efficiency of freshly prepared (‘new’) vs up to ten day old PIND-solutions (‘old’), as well as 2) the efficiency and toxicity of different PIND-dilutions (1:5, 1:10, 1:20). Additionally we performed 3) multiple comparative analyses of different combinations of PINDs and DC-generating methods.
Experimental workflow (figure 1): Since cell quantity for all experiments was limited, we had to determine the ‘best method’ for every given sample. 1) In a first step a small number of  DC were generated in parallel with 4 different DC generating methods, but without the addition of Zylexis. 2) Subsequently, the method resulting in highest DC counts was chosen for quantitative generation of DC (in the presence vs absence of Zylexis, analysis of cell composition by flow cytometry and cytokine profiles by CBA). 3) Subsequently a MLC was performed by co-culture of effector cells (T-cells or MNC) with stimulatory cells (DC and MNC), with addition of Zylexis to MLCs with stimulatory cells previously exposed to Zylexis (resulting in various effector cell settings as detailed in table 3 b). Cellular compositions (in comparison to unstimulated Tcells) as well as cytokine profiles were evaluated by Flowcytometry and CBA-assays. 6) Antileukemic functionality of various settings was assessed through Cytotoxicity Fluorolysis Assay.

Results
1. Preliminary testing
1.1 Dissolved ten-day-old Zylexis shows similar activity compared to Zylexis prepared directly before use 
In a clinical setting, PINDs, such as Zylexis, are used immediately after preparation from lyophilisates (“new”). In an experimental setting only small quantities are used. Therefore we compared results from PINDs being prepared ten days in advance and stored at 8°C until use (“old”) to its corresponding “new” preparation.
[bookmark: _Hlk499579190][bookmark: _Hlk499580289]In this trial we used Zylexis as a representative of all PINDs, and analyzed quantity (DCopt), maturation (DCmat), and viability (DCvia) of DC generated from healthy donors through the Ca-, MCM-, Pici-, and Int-methods with “old” or “new” Zylexis in concentrations of 1:10 and 1:20. Statistical analysis showed no significant differences between the use of “old” or “new” Zylexis in 1:10 and 1:20 settings  in either DC-generating-method (data not shown). 
We decided to use Zylexis, and the other PINDs, up to ten days after preparation in our future experiments.
1.2 Usage of PINDs in a concentration of 1:20
[bookmark: _Hlk499580543]Treatment of animals with PINDs is performed by injecting one vial (containing 25 mg/ml) into one animal, independent of weight, species or body mass index. Following personal communication with Mayr et al. (no publications on this topic are available) we diluted the out of the box Zylexis-preparation (intended for injection in animals) of 25 mg/ml (46 IFN-Units) 1:5, 1:10 and 1:20. This resulted in end-concentrations of 9.2, 4.6 or 2.3 IFN-Units in cultures. We observed numerous dead cells in light microscopy during our pre-preliminary testing when using 1:5 and to a lesser extent 1:10 dilutions. Due to the extraordinary accumulation of dead cells in the 1:5 dilutions, we refrained from further testing of 1:5 dilutions and further compared 1:10 and 1:20 concentrations. Analysis of proportions of DC subtypes generated from 9 healthy donors under the influence of PINDs (Zylexis, Conpind, HP, 3P, HP-3P) in the aforementioned concentrations showed less dead cells and in addition (non-significantly) higher levels of DCopt, DCmat  and DCvia in the 1:20 dilution (data not shown). Therefore we conducted our further experiments using 1:20 dilutions. 
1.3 None of the four methods is favored or disadvantaged by the addition of PINDs to DC-generation
We determined if certain combinations of PINDs and DC-generating methods, would generally result in superior/inferior DC-counts.
We compared DC- subtypes (as listed in table 3a) from 14 healthy and 9 leukemic donors after culture with MCM, Ca, Pici and Int. Each method was employed five times with the individual addition of either Zylexis, Conpind, HP, 3P or HP-3P. No significant differences in proportions of DC-subtypes could be found for any specific combination (ANOVA, data not shown).
Therefore we continued to use all four DC-generating methods in combination with all PINDs in our further experiments.
2. Comparison of Quality and Quantity of DC cultured with and without PINDs
2.1 The presence of PINDs in DC-cultures with healthy or leukemic MNC decreases DC’s viability and increases their maturation
Our first step was to determine the effects of PINDs on the proportions of DC-subtypes (by flowcytometry) obtained from the 4 standard DC-generating-methods in general. Therefore we compared results obtained with the different DC-methods w/o, with Zylexis or with a pooled average from all PINDs (øPINDs; ). For the latter each sample’s best results from any of the four methods were used. 
In healthy donors (n=15) a decrease in DCopt and significantly in DCvia (p=0.02) could be observed in the presence vs. absence of PINDs in DC-cultures. Proportions of DCmat increased on a non-significant scale (figure 2a).
The addition of PINDs to DC generation from leukemic donors (n=12) resulted in decreased DCopt, DCvia and DCleu/bla, while DCleu/DC or DCleu/MNC remained similar. Again DCmat increased significantly (p= 0.01, t-test; see figure 2b).
Additional refined analyses comparing DC-parameters through different modes of selection underlined the overall observation of decreased viability and increased maturation in DC generated in the presence of PINDs (data not shown).
In conclusion the presence of any PIND decreased viability and increased maturation of DC from healthy and leukemic samples compared to DC generating methods w/o the addition of PINDS. 
2.2 Zylexis benefits Maturation of DC
Due to limited cells available we focused further testing on Zylexis, as the only currently commercially available PIND.
We analyzed the influence of Zylexis on DC-cultures from healthy (n=15) and leukemic samples (n=12) in analogy to section 2.1. In both cases we observed a (significant) decrease of DCvia (healthy samples: p=0.004, t-test) and DCopt as well as a significant increase in DCmat (healthy samples: p=0.04, leukemic samples: p=0.02, t-test) in the presence of Zylexis (figures 2 a and b). Comparisons between Zylexis and the other PINDs did not show significantly different influences on DC-proportions (ANOVA, data not shown).
2.3 The presence of Zylexis in DC cultures decreases TLR4- and TLR9-expression on DC/DCleu
TLR4 and TLR9 are known to facilitate “danger signaling” in DC-mediated T-cell activation. Therefore we studied their expression under the influence of PINDs.
DC were generated in parallel with all four DC-generation methods. Similar average proportions (no statistical differences, ANOVA) of TLR9+ and TLR4+ DC were found in all settings in the absence of Zylexis, (data not shown). 
In parallel experiments the presence of Zylexis in all DC-culture-media (significantly) decreased expression levels of TLR9 and TLR 4 on blasts and DCleu, while their expression on DC was not affected (figure 3 a and b; t-test). 
3. Effects of Zylexis on compositions and functions of T-cells in Mixed Lymphocyte Cultures (MLC)
We compared different surface marker profiles on T-cells (autologous and HLA-matched T-cells after SCT from AML-patients, n=8) cultured with DC generated in the absence (T(DC)) or in the presence of Zylexis, which was additionally added to the culture-medium of the latter (T(DCz+Z)), as described in the materials and methods section, chapter 7.
3.1 Zylexis induces early T-cell Activation, but impairs their differentiation to effector T-cells
We analyzed influences of Zylexis on T-cell activation and proliferation in MLR. No significant differences could be found in these T-cell-subtype proportions (t-test), although CD69+ T-cells as well as CD25+CD8+ T-cells increased under the influence of DCz+Z (arrows, figure 4 a).
We analyzed the influence of Zylexis on proportions of the following T-cell-subtypes: naïve-, central-memory-, effector-memory-, effector-T-cells. We observed a lower decrease of Tnaive as well as a lower increase of Teff under the influence of Zylexis in MLC (figure 4 b), whereas proportions of Tcm, Tem  and Treg were similar in both groups (data not shown).
In conclusion this means that the presence of Zylexis in MLC increases early CD8+ T-cell proliferation, but impairs differentiation to effector T-cells.
4. Effects of Zylexis on T-cells’ antileukemic functionality
Prior results from our group have shown, that DC/DCleu stimulated T-cells (T(DC)) are the most efficient antileukemic effector cells (although not effective in every given case). We studied, whether the presence of Zylexis in MLC would increase antileukemic activity compared to cultures w/o Zylexis or untreated T-cells (Tu).
4.1 T-cells stimulated with DCz or MNC in the presence of Zylexis lose their antileukemic functionality (figure 4) 
We performed parallel investigations of DC/DCleu stimulated T-cell-cultures without [MLC (T(DC)] or with Zylexis added to DC cultures and [MLC (T(DCz+Z)] as well as T-cells stimulated with blast-containing MNC without [MLC T(MNC)] and with Zylexis added to MLC [MLC (T(MNC+Z)], and evaluated T-cells’ antileukemic activity after 24 h of incubation with blast target cells. 
Our results showed, that the presence of Zylexis in the culture decreased the antileukemic reactivity of T-cells (figure 5 a, arrows): In the Zylexis-groups only 1 of 15 T(DCz+Z)-samples (6.7%) showed lytic activity, whereas there was none in the T(MNC+Z)-group. At the same time lysis was highest with T(DC) (53.3%, 8 of 15 cases), while unstimulated T-cells (Tu) or blast-stimulated T-cells T(MNC) displayed blast-lysis in 2 of 8 (25.0%) and 2 of 14 (14.3%) cases after 24 h-contact with blast-target-cells (p=0.01; ANOVA). Especially direct comparison between matching effector cells - T(DC) and T(DCz+Z), as well as T(MNC) and T(MNC+Z) - statistically pronounced the decreased antileukemic functionality, especially under the influence of DC (p=0.004; p=0.165; t-test). In cases in which lysis occurred, similar decreases of blast-proportions were observed. T(DC) showed an average of -41% lysed blast-cells and the one case in which Lysis occurred in T(DCz+Z) showed -44% lysed blasts. In cases without Lysis, the amount of blast proliferation did not show significant differences among Tu, T(DC), T(DCz+Z), T(MNC) and T(MNC+Z) after 24 h (ANOVA).
To obtain more detailed information on T-cells’ compared to MNCs’ antileukemic effector cell reactivity and efficacy, we used T-cells or MNC (containing T-cells as well as cells of the innate immune system; six cases) as effectors (stimulation with MNC and DC, in the presence/absence of Zylexis): T-cells led to lysis in 4 of 24 cases, while antileukemic activity could only be observed in 1 of 24 cases using MNC as effector cells. Use of the latter also resulted in a significantly higher rate of proliferating blasts in cases without lysis (p= 0.01, t-test, data not shown). Proportions of cases with antileukemic activity from differently stimulated effector cells (MNC or T-cells) are given in figure 5 b. No antileukemic reactivity in the presence of Zylexis could be demonstrated, regardless of the effector cells (T-cells and MNC). A significant increase of lysis from DC-stimulated T-cells compared to all other effector/stimulator cell combinations regardless of the presence of Zylexis could be shown (p=0.04, ANOVA). This increase was also significant when directly comparing DC-stimulated T-cells’ antileukemic activity in the absence compared to the presence of Zylexis (p=0.05, t-test). Again, in cases without lysis, the amount of blast proliferation ( if lysis did not occur) did not show significant differences in the groups compared (data not shown).
So although comparable effector-cell counts were added to MLC cultures in both settings, antileukemic reactivity of those using MNC, which additionally contained other immune reactive cells, showed decreased antileukemic function compared to “pure” T-cells. Addition of Zylexis to MNC-settings did not result in lysis in any case. 
We conclude that the presence of Zylexis lead to a significant loss or inhibition of antileukemic T- as well as antileukemic innate- (MNC)cell functionality, potentially benefitting blast-proliferation. No special benefit on the “innate immunity” could be observed under the influence of Zylexis.
4.2 Cases without lysis presented with higher Treg and Teff counts in MLC-samples of T(DC) and T(DCZ+Z) on the day of harvest (n=8)
We correlated T-cells’ composition with their antileukemic functionality in the presence or absence of Zylexis. We observed similarly increased proportions of CD4+ and CD8+ Treg in cases without lysis after stimulation with DC in the presence or absence of Zylexis (figure 6 a and b). However, in cases with antileukemic activity, DC-stimulated T-cells were able to mediate antileukemic activity despite upregulated CD8+ Treg counts, but not in the presence of Zylexis (figure 6 a). Cases with antileukemic activity also showed upregulated Teff in the presence or absence of Zylexis (figure 6 c). 
This data points to a different influence on the T-cell composition through Zylexis in DC-cultures, than DC alone.
4.3. Effects of Zylexis on Cytokine-Profiles in DC- or MLC-culture supernatants
[bookmark: _CTVP001ed84bec8cbdc443e8b31d62c73b78df6]In previous studies we have shown, that high cytokine-concentrations (especially IL-6, IFN-γ) correlated with antileukemic T-cell-activity [37]. We analyzed whether the addition of Zylexis would alter cytokine release profiles in DC-culture supernatants. We measured the levels of IL-2, IL-6, IL-8, IL-10, IL-12p70, TNF-α, IFN-γ and MCP1 in supernatants after DC-generation from different DC-generating methods (Ca; MCM; Pici; Int), with and without Zylexis (n=11). Pooling the results of the DC-generating methods we were able to show (significantly) lower levels of IFN-γ, TNF-α and IL-2 in supernatants containing Zylexis (figure 7 a). Levels of the inhibitory IL-10 were (non- significantly) higher under the influence of Zylexis (3.0±7.9 vs. 3.6±14.2, p=0.83).
In analogy we analyzed cytokine-release-profiles (IL-2;IL-4; IL-6; IL-8; IL-10; IL-12p70; IL-17A; TNF-α; IFN-γ; MCP1) in supernatants taken from MLC-media containing different effector cells (n=5). The presence of DC vs. blast containing MNC increased the release of IL-4 after MLC, especially under the influence of Zylexis (p=0.001; ANOVA; figure 7 b). Levels of the remaining cytokines did not differ in the groups compared (data not shown).
[bookmark: _Hlk494557214]We conclude, that the presence of Zylexis influences the cytokine-release-profiles of cells in DC- as well as DC-stimulated MLC-cultures by favoring a more inhibitory cytokine-environment.
Discussion
1. How to improve antileukemic T-cell-activity – with a special focus on DC
[bookmark: _CTVP001dd9d87a4d87944e085ba3a9ec6369a91][bookmark: _CTVP00146ad2cc4382a4ba5a3efb1a65a4f3d7e][bookmark: _CTVP001462f230aad454d89b8c4e165382413da][bookmark: _CTVP001c3ced8e3a05044aeb7beb69bdc5437fb]A better prognosis has been reported for combinations of chemotherapy and immunotherapy than for chemotherapy alone to treat leukemia [38, 39]. However, allo-HCT remains the only curative treatment option for many haematological malignancies, although long-term follow-up data beyond 5 years remains scarce. Its curative potential is mainly attributed to the graft-versus-leukemia effect, which in turn is primarily driven by donor derived immune-effector-cells, mainly donor-T-cells primed against leukemic targets. Their concerted infusion after allo-SCT in order to treat relapsed leukemia has become known as DLI [4, 40, 41]. Dendritic Cells (DC) are known to be the main T-cell stimulators due to their professional antigen presenting functionality [42]. DC-based immunotherapy involves their activation and subsequent presentation of tumor-antigens to effector-lymphocytes, initiating an immune response against cells expressing the equivalent antigens [7]. 
[bookmark: _CTVP00178313bcc198249da9a8383c0c75622df]Due to DC’s unique antigen presenting capacity immunosuppressive features of the leukemic blasts can be circumvented [43]. 
[bookmark: _CTVP001f4f4ecdc839646a48dbd11eed01bba5f][bookmark: _CTVP001cc53e83c977340539ce169431718c375]Different methods of loading antigens in or onto DC have been used in order to optimize antitumor responses.  One strategy involves pulsing DC with leukemic cells or fusion of blasts with DC. Those DC are then able to present their tumor antigens to (donor) lymphocytes and thereby convert them into cytotoxic T cells [44]. Although several concepts exist, the identification and low immunogenicity of tumor-specific peptides remain a problem [7]. 
[bookmark: _CTVP001fffb4d3a4f7547f1a0fea60043a6bf57]A strategy reserved to myeloid malignancies is to convert leukemic blasts directly to leukemia-derived dendritic cells (DCleu), thereby creating APCs presenting the whole leukemic antigen repertoire and possessing the stimulatory capacity of mature professional DC - thereby bypassing the highly complex procedures mentioned above. We could show that T-cells, obtained from AML-patients (autologous) or donors (allogeneic), can be stimulated by these DCleu, resulting in very efficient cytotoxic effector cells with specific lytic activity against naïve blasts, although not in every case [10, 11].
[bookmark: _CTVP0013a0604f571a9428d8ca9a92bf49e1e98][bookmark: _CTVP0019221825ad38a4b82bd876f9131422e57][bookmark: _CTVP0010cd3242f771040f8b290cc893c2ec0b7][bookmark: _CTVP0015a53c1691d8b4141afa60a09ab45c4fa]Observations of tumor remissions occurring in a context of infectious diseases have been known for centuries. Many physicians followed the credo of the ancient Greek philosopher Parmenides (ca. 500 B.C.): “Give me the power to induce fever and I will cure all diseases” [45]. According to a medieval legend, a priest called Peregrine Laziosi was immediately cured of his cancerous leg ulcer after a serious local infection occurred; because of this “miracle healing” he became the patron saint of all cancer victims [46]. Several surgeons of the 18th and early 19th century induced “targeted” infections by cutting wounds directly at the sites of tumors, especially in breast cancer. Jean Cruveilhier, the first professor of pathological anatomy in Paris, recommended that inflammation may be induced “by incisions or irritating applications” [47]. Around 1900, the New York surgeon William Coley refined this empirical approach by systematically using a bacterial vaccine (“Coley’s vaccine”) which is said to have induced regression of metastatic cancer in a considerable number of his patients [48]. With the emergence of aseptic surgery, antibiotics, antipyretics and modern therapeutic options for cancer, Coley’s vaccine fell into oblivion.
[bookmark: _CTVP00170175285ae5a4885a8e664480e332949]In recent years research on therapeutic strategies involving the nonspecific, innate immune activation has become more important. For example clinical data shows a correlation between improved outcome and tumor-infiltration of both, innate natural-killer- and adaptive T-cells. Recently a role of iNKT (invariant natural killer cells), CIK (cytokine induced killer cells) or NK (natural killer) -cells in the mediation of DC-stimulated antileukemic responses was described [49]. 
[bookmark: _CTVP0018d1741636fbc45bba05b89992c1bee26][bookmark: _CTVP001f7dac4ead56341a89efc832e90a712a8]One of the few cancer immunotherapies in widespread clinical use, the intravesical administration of Bacillus Calmette–Guerin for superficial bladder cancer, is innate and nonspecific in its action, utilizing antimicrobial immunity for antitumor effects [50, 51]. Efforts to turn on the immune system against cancers with inactivated tumor vaccines or intra-tumor injections of bacterial products to induce local inflammation and recruit an antitumor immune response have led to anecdotal successes [52].
[bookmark: _CTVP001c834e7207997406fb889250a17f245be][bookmark: _CTVP001976ec3bba9ff46be953d928e0dc2cc5e][bookmark: _CTVP001086a1c47d73c4d79a3a88917aa67d988]A biological employing a nonspecific activation of the innate immune system as its mode of action is Ipilimumab. It is an antibody, which blocks CTLA-4, a receptor on T-cells transmitting inhibitory signals during antigen-presentation through DC, and thereby leads to activation of the immune system [53]. Another example of an immune response modifying drug is Imiquimod, a synthetic imidazoquinoline that activates TLR7, currently used for the treatment of actinic keratosis, superficial basal cell carcinoma and condylomata acuminate [54]. The drug does not exhibit direct antiviral or antiproliferative activity when tested in a number of cell culture systems. Cells activated by Imiquimod secrete cytokines (primarily INF-α, IL-6, and TNF-α), thereby stimulating several other aspects of the innate immune response, as well as cellular immunity (e.g. Langerhans-cells, natural killer cells or macrophages) [55]. 
[bookmark: _Hlk494557314]2. PINDs have a negative impact on antileukemic T-cell activity
[bookmark: _CTVP001bace744aa8704482ba0be649dcfcbb1f][bookmark: _CTVP0015c934e9055cf4cc7afc25019e5979466]PINDs are known as (pox-derived) substances “optimizing” immune responses not only in infectious, but also in malignant diseases of animals due to stimulating/co-stimulating capacities [12, 15]. Similarly, PINDs are known to act as non-immunising vaccines, with the capability to activate and regulate the paraspecific, i.e. innate, immune system, as shown in veterinarian fields. Their mechanism of action has not been analyzed in depth [15].
The aim of this study was to determine, whether the addition of PINDs to DC-generating media or to MLC-cultures (going along with  PIND-phagocytosis/processing during DC- differentiation) would lead to an increased antileukemic stimulatory capacity of DC/DCleu, in MLC with T-cells. 
[bookmark: _CTVP0013fb284847461475986b6c3906fb7ec3d]In the past our group was able to demonstrate DCleu containing DC could be generated ex vivo in every given case with at least one of the DC-generating methods presented above, and that the composition and quality of DC is predictive for a successful ex vivo antileukemic response, especially with respect to proportions of mature and leukemia-derived DC [10]. 
[bookmark: _CTVP001698b5a74ef75421ea1a8121dd21f9e7b][bookmark: _CTVP0012e72715ffdb140788a1f8e8a292e71e0]An astonishing finding was, that the presence of PINDs in DC cultures benefitted maturation of DC, but decreased DCs’ viability as well as TLR4- and 9-expression on blasts and DC DCleu during culture. This was true for all kinds of PINDs tested, whether they were derived from “ovis” or “avi” virus strains, or the combination of both. TLRs have been linked to virus detection and the induction of immune responses. As PINDs consist of highly attenuated and inactivated virus strains, we expected an increase in TLR-expression, although it is known, that inactivated Parapoxvirus ovis mediates its immunostimulatory properties by TLR-dependent as well as TLR-independent pathways [56]. We conclude that PINDs either act through different TLRs/ PRRs than tested, or exclusively on TLR-independent pathways [57]. 
We  found, that the presence of Zylexis induced early (CD8+) T-cell activation, while differentiation to effector-T-cells was impaired. Moreover, no special activation of cells of the innate immune system (using the total MNC-fraction as effector cells) under the influence of Zylexis could be observed.
[bookmark: _CTVP00101ab2652f0464c329b8d055b3e9402ea][bookmark: _CTVP0014e613e0158774169851e0ebbd7aeced9][bookmark: _Hlk494636293]Applying Zylexis to the DC- and MLC-culture-medium resulted in a loss of antileukemic functionality, almost producing a “blasts protective capacity”. This finding was further supported by the detection of an “inhibitory soluble microenvironment” (low Il-2, TNF-α, IFN-γ, high IL-4) in DC- or MLC-culture supernatants in the presence of Zylexis. Such an inhibitory microenvironment through soluble factors  was described before by Vignali et al. [58]. Although alternatively an induction of a (antileukemic) B-cell-/ antibody- response can be discussed [59] in the presence of PINDs in DC/MLC-settings, we suggest a minor role of IL-4 (in the presence of low IL-2, TNF-α, IFN-γ and higher IL-10 and Treg-subtypes). An interesting finding was, that DC stimulated T-cells were able to lyse AML-blasts despite high CD8+Treg, however not in the presence of Zylexis – pointing to an influence of Zylexis on the composition of (regulatory) T-cells. Further analyses are necessary to characterize these (regulatory) T-cells in more detail: CD39+, CD73+ or other Treg-subtypes might mediate the inhibitory effects described.
[bookmark: _CTVP0018d82dad69c2647239c5f7c8a5ebd77e1][bookmark: _CTVP001611370a3e27a43caa3adb4b8a947d943]MUTZ-3 is a myeloid leukemia cell line, that can acquire a DC-like phenotype and function as potent antigen presenting cells (MUTZ-3-derived DC = MuDC). Kim et al. [60] were able to demonstrate, that MuDC did not show an enhanced level of CCR7 or cytokine production after lipopolysaccharid (LPS) stimulation, and LPS-stimulated MuDC ultimately failed to stimulate primary NK cells. On the other hand our group could show recently, that cells of the innate immune system (NK-, CIK- and iNKT-cells) are characterized by different cellular profiles in patients with AML, ALL or CLL, and play a role in the mediation of antileukemic reactions after DC-stimulation [49]. This suggests, that in analogy the leukemia derived DC used in our experiments might as well show an impaired reaction from stimulation through other PAMPs (e.g. PINDs). The underlying mechanism to this remains unknown.
[bookmark: _CTVP001accc63e6feb8446a9ff522b70f93ffad][bookmark: _CTVP001c379f21a10ee42c1ae529cb24e30e357][bookmark: _CTVP001eaaf3c0956054a2f96a82e150bba62af][bookmark: _CTVP0010809e0773e9d4cecb82d5c08afde6a38]In the past we were able to show that an inhibitory microenvironment as established by blasts can impair an antileukemic T-cell response, but can be overcome by the conversion of leukemic blasts to DCleu [61]. Recent findings of our group support these cellular effects on a soluble level: we showed that ‘DC’-/’MNC’-stimulation of T-cells resulted in increased cytokine-levels in culture-medium compared to serum.  High cytokine-concentrations (especially IL-6, IFN-γ) in MLC –supernatants after T-cells’ ‘DC’-/’MNC’-stimulation correlated with lytic T-cell-activity [37]. In the context of this study we could (at least in part) confirm the following observations: in the presence of Zylexis lower concentrations of IL-2, TNF-α and IFN-γ were found in MLC supernatants. This might add to the blast-protective effect described above, as these cytokines have been described as important mediators of the immune response [62]. This is in contrast to the findings of Ahne et al., who described an increase in inflammatory mediators, most notably TNF-α, when studying effects of the PIND Conpind [18]. These cytokines decreased in our experiments, which might be due to other factors influencing PIND-dependent immunomodulation. 
[bookmark: _CTVP0019709090886c8453db17c8b73b7b502f4][bookmark: _CTVP0010714d24d29e4432f8c4b8b76fe4d3922]‘Viral therapies’ using smallpox-, herpes zoster-, hepatitis-, influenca-, varicella-, measles-, rabies-  or other viruses used in the treatment of cancer were shown to induce (transient) tumor regressions [63]. Moreover, our group could show, that a ‘danger signaling’ via PGE-2, Picibanil or PGE-1 gives rise to improved DC-generation, T-cell composition and soluble factor release after MLC, as well as an improvement of the antileukemic reactivity of DC-stimulated T-cells in MNC or even whole blood culture settings, containing the total cellular and soluble microenvironment of the individual leukemic patient [64]. 
[bookmark: _CTVP00164c11b4debf8467cb57dbb965b6c6ea1][bookmark: _CTVP001a6db9eb70fca4fcab5a8a774c864269b]Various escape mechanisms (inhibitory cytokines, regulatory cells), or unknown ‘blast protective mechanisms’ can be overcome by carefully selected immunomodulatory strategies: oncolytic viruses were shown to limit the efficacy of an virus based immunotherapeutic approach [65]. Combinations of viral-based therapeutic strategies as listed above with low-dose chemotherapies or IL-2, improved strategies concerning application (timing, route of administration and dosage) in combination with thorough quality controls in manufacture of uniform virus products and monitoring of unexpected or adverse events (e.g. elevated antibodies against the viral products, inhibitory cytokine profiles in serum, clinical events) could contribute to improve the viral products and their clinical use in a context of antitumor- or immune-therapy [62, 63].
[bookmark: _CTVP00164084e537da1471698d132a386e7b311]Our findings support the central role of T-cells as the most important mediators of antileukemic reactions   by showing their superior antileukemic functionality as effector cells before and/or after SCT. However, these T-cell effects can be variable due to several ‘influences’ in the microenvironment [2, 66]. Additional assays to quantify leukemia-specific cells (e.g. by Tetramer-, CSA-, ELISPOT,  intracellular cytokine or degranulation assays) could further contribute to understand the whole  functional repertoire of PINDs.


Conclusions
[bookmark: _Hlk494544240][bookmark: _Hlk494544412]In summary our data points to Zylexis’ induction of early T-cell activation and reduced effector cell function – resulting in a downregulated antileukemic T-cell functionality in general, that might be caused by altered DC-characteristics (e.g. decreased TLR-expression in combination with increased maturation, decreased viability) and/or changed microenvironment - protecting blasts from attacks by immune-reactive cells. This means that although the use of PINDs might be promising in curing patients with infectious diseases, in patients with myeloid leukemias the “blast protective capacity” induced by PINDs might lead to unspecific and/or inhibitory influences in the cellular/innate immunity. The need for a thorough analysis on PINDs’ whole range of effects in different settings (e.g: in/ex vivo environment, infectious/malignant) arises. 
Therefore PIND-supported antileukemic trials cannot be recommended for the treatment of AML-patients.

Table and Figure Legends
Table 1: Characteristics of patients and samples used for PIND experiments and functional assays.
Table 2: Parapox-Virus Stem(s) in different PINDS used for experiments.
Table 3: Abbreviations of a. DC-subtypes, b. different MLC-settings by type of effector cells c. T-cell-subtypes as evaluated by flow cytometry with the respective surface-marker profiles  after staining with fluorochrome-labelled antibodies.
Figure 1: Experimental workflow to study the influence of Zylexis on DC-generation as well as cells in MLC and cytotoxicity: a. Pretesting with few cells and identification of the ‘best’ ( ) DC-generating method for individual samples (without PINDs). Here MCM was chosen (exemplarily) as ‘best method’ b. Quantitative DC-generation with the previously chosen ‘best DC-generating method’ with and without the addition of Zylexis in parallel(evaluated by flowcytometry). Asservation of culture-supernatans for CBA. c. MLC of effector cells (T-cells or MNC) with stimulator cells (DC or MNC), with and without the (repeated) addition of Zylexis (resulting in the effector cells as detailed in table 3 b, evaluated by flowcytometry). Asservation of culture-supernatans for CBA. d. Functional cytotoxicity assay of various MLC-cell compositions to detect antileukemic capacity. The Various analytical methods and their timing are given below.
[bookmark: _Hlk503294933]Figure 2: Comparison of proportions of DC-subtypes (in % of cells) obtained with DC-methods w/o, with Zylexis or with  average of pooled results from all PINDs (øPINDs; ): Each sample’s best results from any of the four methods in (a.) healthy (n=15) and (b.) leukemic samples (n=12) were used. Statistically significant values from t-tests between w/o and Zylexis as well as w/o and øPINDs are given (t-test). No significant differences between DC-values under the influence of Zylexis and øPINDs could be found. a. Upregulated proportions of early proliferating CD3+ and activated CD8+ T-cells found in the presence of Zylexis after MLC b. Downregulated production of Teff (and lower decrease in Tnaive) in the presence of Zylexis
Figure 3: Expression of TLR on cells of leukemic origin (blasts and DCleu) (significantly) decreased after culture in different DC-generating media in the presence of Zylexis (t-test). Proportions of all cells (“TLR-9/4+”), DC, blasts and DCleu expressing TLR9 (a.) and TLR4 (b.) in cultures w/o or with Zylexis are given. Results obtained after culture with 4 different DC-generating methods showed similar average proportions of TLR-expression and are pooled.
[bookmark: _Hlk503716423][bookmark: _Hlk503716432]Figure 4: Changes of different T-cell subtypes after MLC with DC in the presence or absence of  Zylexis, compared to day 0 (n= 8) in percentage points a. Upregulated proportions of early proliferating CD3+ and activated CD8+ T-cells found in the presence of Zylexis after MLC b. Downregulated production of Teff (and lower decrease in Tnaive) in the presence of Zylexis 
Figure 5: The presence of Zylexis significantly decreased the effector cells’ antileukemic activity. a. Proportions of cases with antileukemic activity from untreated T-cells (Tu), and T-cells stimulated with MNC or DC - without or with Zylexis (arrows). b. Proportions of cases with antileukemic activity from 6 parallelly tested cases with  T-cells or MNC as effector cells, either stimulated  with blast-containing MNC or DCleu containing DC and in the absence or presence of Zylexis. 
Figure 6: Gain or loss in percentage points of selected T-cell proportions in MLC-samples (n=8) of T(DC) and T(DCz+Z) on day of harvest (compared to d0) in correlation with achieved  Lysis/non-Lysis. DC-stimulated T-cells are able to mediate antileukemic activity and compensate function of upregulated CD8+Tregs (a.), but not in the presence of Zylexis, whereas CD4+Tregs (b.) and Teff (c.) are not affected.
Figure 7: The presence of Zylexis decreased release of IL-2, TNF-α and IFN-γ in DC-culture supernatans (a.) and increased release of IL-4 in MLC-supernatans after MLC of Tcells with DC-stimulated T-cells in the presence of Zylexis (b.). Cytokine levels evaluated by CBA in parallelly analysed supernatans are given. a. Cytokine levels (IL-2, TNF-α and IFN-γ) in DC-culture supernatans in the presence or absence of Zylexis (n=11). b. IL-4 levels in MLC-culture supernatans after T-cells’ stimulation with blast-containing MNC or DCleu-containing DC in presence or absence of Zylexis (n=5).
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