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Abstract:
BCL-2 inhibition has been shown to be effective in acute myeloid leukemia (AML) in combination with
hypomethylating agents or low-dose cytarabine. However, resistance and relapse represent major
clinical challenges. Thus, there is an unmet need to overcome resistance to current venetoclax-
based strategies. We performed high-throughput drug screening to identify effective combination
partners for venetoclax in AML. Overall, 64 anti-leukemic drugs were screened in 31 primary high-
risk AML samples with or without venetoclax. Gilteritinib exhibited highest synergy with venetoclax
in FLT3 wildtype AML. The combination of gilteritinib and venetoclax increased apoptosis, reduced
viability, and was active in venetoclax-azacitidine resistant cell lines and primary patient
samples. Proteomics revealed increased FLT3 wildtype signaling in specimens with low in-vitro
response to the currently used venetoclax-azacitidine combination. Mechanistically, venetoclax with
gilteritinib decreased phosphorylation of ERK and GSK3B via combined AXL and FLT3 inhibition with
subsequent suppression of the antiapoptotic protein MCL-1. MCL-1 downregulation was associated with
increased MCL-1 phosphorylation of serine 159, decreased phosphorylation of threonine 161 and
proteasomal degradation.
Gilteritinib and venetoclax were active in a FLT3 wildtype AML PDX model with TP53 mutation and
reduced leukemic burden in four FLT3 wildtype AML patients receiving venetoclax-gilteritinib off-
label after developing refractory disease under venetoclax-azacitidine.
In summary, our results suggest that combined inhibition of FLT3/AXL potentiates venetoclax
response in FLT3-wildtype AML by inducing MCL-1 degradation. Thus, the venetoclax-gilteritinib
combination merits testing as potentially active regimen in high-risk AML patients with FLT3
wildtype.
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Key points 62 

● High-throughput drug screening identified gilteritinib and venetoclax as a highly 63 

synergistic drug combination in FLT3 wildtype AML 64 

● Gilteritinib-venetoclax suppressed MCL-1 and decreased viability of venetoclax-65 

azacitidine resistant FLT3 wildtype AML in vitro and in vivo 66 

 67 

Abstract 68 

BCL-2 inhibition has been shown to be effective in acute myeloid leukemia (AML) in 69 

combination with hypomethylating agents or low-dose cytarabine. However, resistance and 70 

relapse represent major clinical challenges. Thus, there is an unmet need to overcome 71 

resistance to current venetoclax-based strategies. We performed high-throughput drug 72 

screening to identify effective combination partners for venetoclax in AML. Overall, 64 anti-73 

leukemic drugs were screened in 31 primary high-risk AML samples with or without 74 

venetoclax. Gilteritinib exhibited highest synergy with venetoclax in FLT3 wildtype AML. The 75 

combination of gilteritinib and venetoclax increased apoptosis, reduced viability, and was 76 

active in venetoclax-azacitidine resistant cell lines and primary patient samples. Proteomics 77 

revealed increased FLT3 wildtype signaling in specimens with low in-vitro response to the 78 

currently used venetoclax-azacitidine combination. Mechanistically, venetoclax with 79 

gilteritinib decreased phosphorylation of ERK and GSK3B via combined AXL and FLT3 80 

inhibition with subsequent suppression of the antiapoptotic protein MCL-1. MCL-1 81 
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downregulation was associated with increased MCL-1 phosphorylation of serine 159, 82 

decreased phosphorylation of threonine 161 and proteasomal degradation.  83 

Gilteritinib and venetoclax were active in a FLT3 wildtype AML PDX model with TP53 84 

mutation and reduced leukemic burden in four FLT3 wildtype AML patients receiving 85 

venetoclax-gilteritinib off-label after developing refractory disease under venetoclax-86 

azacitidine. 87 

In summary, our results suggest that combined inhibition of FLT3/AXL potentiates venetoclax 88 

response in FLT3 wildtype AML by inducing MCL-1 degradation. Thus, the venetoclax-89 

gilteritinib combination merits testing as potentially active regimen in high-risk AML patients 90 

with FLT3 wildtype. 91 

 92 

Introduction 93 

With a median onset age of 65 years, AML is predominantly a disease of the elderly with 94 

limited intensive chemotherapy options.1 Unfit patients are offered low-dose therapy concepts 95 

such as hypomethylating agents (HMA) or low-dose cytarabine (LDAC) associated with low 96 

remission rates and poor median survival.2,3  Recently, the addition of the BCL-2-inhibitor 97 

venetoclax to either LDAC4 or HMAs5 vastly improved response rates. These findings led to 98 

Food and Drug Administration (FDA) and European Medicines Agency (EMA) approval for 99 

the combination of HMA and venetoclax in newly diagnosed patients ineligible for intensive 100 

chemotherapy. Nonetheless, a considerable fraction of AML patients does not respond and 101 

most patients relapse after initially achieving a remission upon venetoclax and azacitidine. 102 

Moreover, relapsed patients are resistant to all currently used therapies and usually die 103 

within a short time span.5,6 The combinations used nowadays were established based on 104 

FDA-approved pre-existing low intensity therapies in AML. However, a systematic evaluation 105 

of the most effective and synergistic venetoclax combination partners is still lacking. 106 

Venetoclax acts as a small-molecule BCL-2 homology domain 3 (BH3)-mimetic drug. 107 

Interestingly, a recent study highlighted that lymphoid cells can escape venetoclax by 108 

reprogramming energy metabolism and overexpressing MCL-1 during complex clonal shifts.7 109 
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In line, Jones and colleagues described shifts in metabolism in venetoclax-resistant AML.8 110 

Increased levels of the anti-apoptotic BCL-2-family members MCL-1 or BCL-XL were also 111 

observed in venetoclax resistant AML cells.9,10 Moreover, it has been reported that BCL-2 is 112 

differentially expressed in subpopulations of AML cells with highest expression in malignant 113 

stem and progenitor cells and lowest expression in AML with a monocytic phenotype which 114 

express MCL-1 instead and evolved to be refractory to venetoclax.11 However, MCL-1 115 

inhibition carries the risk of profound toxicity to normal tissues, especially cardiac toxicity.12 116 

Therefore, an indirect MCL-1 targeting approach in combination with BCL-2 inhibition might 117 

be a promising therapeutic approach.  118 

With the aim of identifying a combinatorial treatment more effective than venetoclax-119 

azacitidine, many therapy options have been suggested in AML. These options include 120 

inhibition of PI3-kinase, CDKs, SMAC or complex I.13,14 So far, response mechanisms are not 121 

well understood, and the most effective treatment combinations are not known. 122 

In this study, we developed and utilized a synergism-focused drug targeting pipeline to 123 

identify the most potent venetoclax combination partners in high-risk AML. 124 

 125 

Materials and Methods 126 

Drug screening  127 

Drug response assays were performed with primary AML blasts cultured in RPMI-1640 128 

(Invitrogen, Carlsbad, California, USA) supplemented with penicillin/streptomycin 129 

(Invitrogen), L-glutamine (Invitrogen) and 10% pooled and heat-inactivated AB-type human 130 

serum (HSA) (Sigma-Aldrich, St. Louis, Missouri, USA). Cells in medium + HSA were 131 

subjected to rolling for three hours in the dark. Only samples with a viability > 90% after 3-132 

hour prestimulation were included into the screen and added to drug precoated 384-well 133 

plates (781904, Greiner Bio One, Frickenhausen, Germany). Plates were coated with 64 134 

drugs in five concentrations with and without venetoclax in two concentrations (1 nM, 20 nM). 135 

Cell viability was assessed after 48 hours with a Perkin Elmer EnSight using CellTiter-Glo 136 
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(G7572, Promega, Fitchburg, Massachusetts, USA) and normalized to DMSO controls, as 137 

previously described.15  138 

 139 

Patient specimens 140 

Primary AML samples were obtained from the German “Study Alliance Leukemias” (SAL) - 141 

AML Register Dresden and the “BioMaterialBank Heidelberg” (BMBH Med V). All patients 142 

provided informed consent in accordance with the Declaration of Helsinki and biobanking 143 

procedures were approved by the ethics committee of the University of Heidelberg. 144 

Mononuclear cells of AML patients were density gradient-isolated from bone marrow 145 

aspirations taken at diagnosis. Only AML patients with high-risk disease were included in the 146 

drug screen (Table S1, Fig. S1A). High-risk disease was defined either according to the ELN 147 

classification16 risk group (n=19) or if patients were refractory after induction chemotherapy 148 

(n=12). Three primary samples were included into in vitro validation studies, two of them (#01 149 

and #70) had already been included into the drug screen (Table S1).  150 

Treatment of patients #02, #03, #05 and #70 with venetoclax-gilteritinib was performed after 151 

written informed consent on the off-label use following the principles of Helsinki. 152 

 153 

Cell culture 154 

HL60, MOLM13, OCI-AML 2, OCI-AML 3 and MV4-11 AML cell lines were purchased from 155 

DSMZ and cultured in RPMI1640 medium (21875091, Thermo Fisher Scientific) 156 

supplemented with 10% (HL60) or 20% (other cell lines) FBS (FBS.S 0615, Bio&SELL 157 

GmbH, Feucht, Germany). Venetoclax-azacitidine resistant HL60 cells were generated by 158 

treating cells twice weekly with increasing doses of venetoclax (S8048, Selleckchem, 159 

Houston, Texas, USA) and azacitidine (S1782, Selleckchem) for several months. 160 

Primary human bone marrow or peripheral blood samples were obtained from AML patients 161 

who provided informed consent. Biobank procedures are approved by the “Ethikkomission 162 

Heidelberg”. Mononuclear cells were density gradient-isolated and cultured as described in 163 

17.  164 
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 165 

Colony formation Assays 166 

250 cells (cell line) or 4000 cells (primary sample) were seeded into twelve-well plates with 167 

550 µl methylcellulose (04230 or 04034, Stemcell technologies) supplemented with penicillin 168 

streptomycin (A2213, Biochrom GmbH) and the indicated drugs. After ten days, colonies 169 

were counted. All experiments were performed as technical triplicates and each experiment 170 

was performed at least three times. 171 

 172 

Apoptosis Assays 173 

Apoptosis was assessed by staining 1-5x105 cells per sample with Annexin V-antibody and 174 

propidium iodide (FITC Annexin V Apoptosis Detection Kit with PI, 556547, BD Biosciences) 175 

according to the manufacturer’s protocol. Analysis was carried out by flow cytometry. 176 

Experiments were performed with two technical replicates and each experiment was 177 

performed at least two times. 178 

 179 

Viability Assays 180 

Cell viability was assessed in 96-well plates with a density of 1-5x104 cells per well. After 48 181 

hours of treatment cells were stained with trypan blue (T8154, Sigma Aldrich Chem. GmbH) 182 

and viable cells were counted. Alternatively, cells were stained with MTS reagent (G3582, 183 

Promega) and analyzed on an Infinite® M1000 PRO plate reader (Tecan, Männedorf, 184 

Switzerland). 185 

 186 

Immunoblotting 187 

Cells were pelleted and lysed using RIPA buffer at 4°C (89900, Thermo Fisher Scientific) 188 

supplemented with protease (11836170001, Roche, Basel, Switzerland) and phosphatase 189 

inhibitor (04906845001, Roche). After centrifugation, protein concentration was determined 190 

with a Pierce BCA Protein Assay Kit (23227, ThermoFisher Scientific). Equal amounts of 191 

whole-cell lysate were mixed with 4X LDS sample buffer (NP0008, ThermoFisher Scientific) 192 
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and 10X sample reducing agent (NP0009, ThermoFisher Scientific), heated for 10 minutes at 193 

70°C and loaded on a 4-12% tris-glycine gradient gel (XP04122BOX, ThermoFisher 194 

Scientific) for SDS PAGE. Proteins were transferred onto a nitrocellulose membrane 195 

(GE10600001, Sigma Aldrich) which was blocked with 5% BSA (T844.2, Carl Roth GmbH & 196 

Co KG) in TBST buffer. Membranes were incubated at 4°C overnight with anti-BCL-2 (1:4 197 

000, ab692, abcam, Cambridge, UK), anti-B-ACTIN (1:5 000, A5441, Sigma Aldrich), anti-198 

ERK (1:1 000, 4695, Cell Signaling Technology), anti-GSK-3 α/ß (1:200, sc-7291, Santa Cruz 199 

Biotechnology, Dallas, Texas, USA), anti-MCL-1 (1:4 000, ab32087, abcam), anti-pERK 200 

Thr202/Tyr204 (1, 2 000, 4370, Cell Signaling Technology), anit-pGSK-3α/ß Ser21/9 (1:1 201 

000, 8566, Cell Signaling Technology), anti-pMCL-1 Ser159 (1:500, ab111574, abcam), anti-202 

pMCL-1 Thr163 (1:1 000, 14765S, Cell Signaling Technology) and secondary antibodies 203 

against mouse or rabbit immunoglobulin (1:4 000, P044701-2, P044801-2, Dako/Agilent, 204 

Santa Clara, California, USA). Proteins were visualized using ECL reagent (RPN2232, GE 205 

Healthcare, Chicago, Illinois, USA) with an Amersham imager 600 (Cytiva, Chalfont St Giles, 206 

UK).  207 

Primary AML samples were lysed using SDS lysis buffer (0,1% SDS, 50 mM Tris pH 8) 208 

supplemented with protease and phosphatase inhibitor and then processed as described 209 

above.  210 

 211 

Overexpression and site-directed mutagenesis 212 

Lentiviral vectors encoding for MCL-1 (140746) and corresponding empty vector (17452) 213 

were purchased from Addgene. Gene fragments for overexpression of ERK were obtained 214 

from IDT (Integrated DNA Technologies, Coralville, Iowa, USA) and corresponding empty 215 

vector from SBI (CD811A-1, SBI, Palo Alto, California, USA). Lentivirus was produced by 216 

transfecting lentiviral vectors together with psPAX2 (12260, Addgene, Watertown, 217 

Massachusetts, USA) and pMD2.G (12259, Addgene) into HEK293T cells. Virus supernatant 218 

was used to infect HL60 cells, which then underwent puromycin selection (0,7 µg/ml, P8833-219 

10mg, Sigma Aldrich). 220 
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Site-directed mutagenesis was used to introduce the phosphorylation site mutation S159A in 221 

MCL1. The mutation was introduced by a PCR reaction (Platinum SuperFi DNA Polymerase, 222 

12351010, ThermoFisher Scientific) with back-to-back primers (GTAGTGCCCCGTCCGTAC 223 

TGGTG and CCTCGACGCCGCCGCCAGCAG) followed by KLD treatment. Mutagenesis 224 

results were confirmed by Sanger sequencing. 225 

 226 

PDX model  227 

Patient derived xenograft (PDX) cells of a highly aggressive AML with complex karyotype 228 

and TP53 mutation (AML-372)18 were injected intravenously into immunocompromised NSG 229 

mice at minimally eight weeks of age. Mice were randomly assigned to four treatment 230 

groups: gilteritinib 85 mg/kg, venetoclax 40 mg/kg, gilteritinib and venetoclax or vehicle 231 

(sterile water with 1% Tween and 3% ethanol). Treatment was started when engraftment 232 

levels of 0.2% of human CD45+ cells were reached and was conducted for 4 weeks. Bone 233 

marrow aspirations were performed four weeks upon start of treatment. Two weeks after the 234 

end of treatment, mice were sacrificed, bone marrow was isolated and analyzed by FACS for 235 

CD45 expression (clone HI30, BD Biosciences). Animal experiments were approved and 236 

performed in accordance with all regulatory guidelines of the official committee 237 

(Regierungspräsidium Karlsruhe). 238 

 239 
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Drug sensitivity and statistical analysis 240 

All tests were performed using R version 4.0.4 and RStudio Server version 1.4.1106-5 or 241 

GraphPad Prism version 9.2.0. Data were analyzed for normal distribution before statistical 242 

analyses. Values are presented as mean ± s.d. of replicates. Two-tailed Student's t-test was 243 

used to determine statistical significance unless stated otherwise. For ex vivo drug screens, 244 

synergy scores were computed according to the Bliss Independence model19 and the Zero 245 

Interaction Potency (ZIP) model20 with the synergyfinder R-package version 2.4.1521. IC50 246 

scores were computed automatically using this R-package, normalized for less than 70% 247 

variance and outliers. Relative inhibition (RI) scores were computed according to the area 248 

under the curve (AUC) of the viability curves. The RI scores indicate the proportion of the 249 

maximum possible inhibition of each drug. The shiny app for data sharing utilizes r-250 

base:4.1.3 installed from docker. Previously analyzed results are presented using ggplot2 251 

3.3.5, ComplexHeatmap 2.10.0 and corrplot 0.92. Synergy for individual samples is freshly 252 

calculated with synergyfinder 3.2.6. The graphical abstract was created with BioRender.com.  253 

 254 

Data Sharing Statement 255 

For original data, please contact Carsten.Mueller-Tidow@med.uni-heidelberg.de. A 256 

comprehensive visualization of results for viability, synergy and relative inhibition for all 257 

samples from the drug screen is available in a shiny app (https://shiny-258 

portal.embl.de/shinyapps/app/07_drug-screen). 259 

 260 

Results 261 

High-throughput drug screening identifies venetoclax combination partners for high-262 

risk AML 263 

We conducted a high-throughput ex vivo drug perturbation experiment with venetoclax and 264 

drugs targeting relevant pathways in myeloid malignancies (Fig. 1A). Thirty-one high-risk 265 

AML patient samples (Table S1a, S2-4, Fig. S1A) were incubated with venetoclax (0, 1 and 266 
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20 nM) and 64 drugs in five concentrations. High-risk was defined as either refractory to 267 

conventional chemotherapy or high-risk status according to ELN2017 guidelines.16  268 

To assess the reliability of our ex vivo drug screening platform, we clustered the drugs 269 

targeting various pathways (Fig. S1B) based on the similarity of their response profiles 270 

across all AML samples (Fig. S1C). The clustering reflected drug target identity and 271 

relatedness of drugs (Fig. S1D). Patients in vivo responses to cytarabine induction therapy 272 

could be reproduced in the ex vivo drug screen (Fig. S2A). 273 

Drug synergy effects were assessed with the Bliss Independence model.19 For validation, we 274 

applied the Zero Interaction Potency (ZIP) model.20 The top three venetoclax combination 275 

partners identified in our screen were MIK665 (MCL-1 inhibitor), OTX015 (BET inhibitor) and 276 

gilteritinib (FLT3 inhibitor) (Fig. 1B). The MCL-1 inhibitor MIK665 showed the strongest 277 

effects in combination with venetoclax supporting growing evidence that the anti-apoptotic 278 

protein MCL-1 confers resistance to BCL-2 inhibition in AML.22 The bromodomain inhibitor 279 

OTX015 has been described in preclinical studies to act synergistically with venetoclax by 280 

reducing MCL-1 levels.23 Our screening approach further identified the clinically approved 281 

drug gilteritinib as a highly active combination partner for venetoclax (Fig. 1B, Fig. S2B).  282 

We further analyzed combination effects in subgroups of patients with different mutations 283 

(Fig. S2C-E, S3A-D). As expected, there was a trend towards a higher monotherapeutic 284 

effect of gilteritinib in FLT3 mutated AML compared to FLT3 wildtype specimens (p=0.075, 285 

Fig. 1C). However, the synergistic effect of venetoclax and gilteritinib was stronger in FLT3 286 

wildtype than in FLT3 mutated AML (p=0.0427, Fig. 1C, Fig. S2C-D, S3A-B). In line, RI and 287 

bliss scores were higher in samples with FLT3 wildtype than in samples with FLT3 ITD (Fig. 288 

S4A-B). Highest synergy was observed for gilteritinib or MIK665 combined with venetoclax 289 

when compared to standard AML treatments (S4C). The synergistic effect with venetoclax 290 

was restricted to gilteritinib and was not observed for other FLT3 inhibitors such as 291 

quizartinib, midostaurin or sorafenib (Fig. 1D, Fig. S4D). Interestingly, gilteritinib was the top 292 

synergistic combination partner for venetoclax in the subgroup of TP53 mutated patients (Fig. 293 

1E, Fig. S4E, Table S3-S4), for whom reduced responses to venetoclax with HMAs or LDAC 294 
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have been reported.24 Results of exemplary patients included at first diagnosis without FLT3 295 

ITD, but with TP53 mutation showed that gilteritinib exerted high synergism with venetoclax 296 

whereas other standard therapeutic approaches did not or weakly synergize with venetoclax 297 

(Fig. 1F, Fig. S5A-E).  298 

Taken together, our ex vivo drug perturbation approach identified gilteritinib and venetoclax 299 

as effective combination partners with high synergy in high-risk AML with FLT3 wildtype and 300 

TP53 mutation.  301 

 302 

Proteomics profiling reveals upregulation of FLT3 signaling in venetoclax-resistant 303 

AML  304 

Next, we aimed to understand what drives resistance to the FDA/EMA-approved venetoclax-305 

azacitidine combination in FLT3 wildtype samples. We chose six primary FLT3 wildtype 306 

samples based on their drug screen ex vivo responses to venetoclax-azacitidine and the 307 

availability of sufficient material for FACS-sorting and mass spectrometry (Fig. 2A). Two 308 

primary samples were classified as venetoclax-azacitidine sensitive and four primary 309 

samples as venetoclax-azacitidine insensitive according to calculated synergy scores (Fig. 310 

2B). Venetoclax-azacitidine insensitive AML samples were enriched for proteins involved in 311 

FLT3 pathway activity, e.g. RAF/MAP, FLT3, MAPK1/MAPK3 (NES for FLT3 signaling: 1.83 312 

adj. p-value: 0.0001; Fig. 2C-D, Table S5-6). These findings suggested that high FLT3 313 

signaling is associated with venetoclax-azacitidine resistance in FLT3 wildtype AML.  314 

 315 

Venetoclax-gilteritinib reduces viability and colony formation capacity and induces 316 

apoptosis in FLT3 wildtype AML. 317 

Next, we recapitulated the combinatorial effect of venetoclax-gilteritinib in FLT3 wildtype and 318 

FLT3 ITD cell lines. Ex vivo drug screens (Fig. S6A-B) reflected the result obtained in primary 319 

samples. Upon the addition of 20 nM venetoclax, we observed an increase in RI in FLT3 320 

wildtype cell lines whereas only a minor difference was found for the FLT3 ITD samples (Fig 321 

S6C). In line, dose-response assays of venetoclax and gilteritinib in FLT3 wildtype HL60 and 322 
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OCI-AML 2 showed decreased cell viability after 48 hours in concentrations that can be 323 

reached in plasma of patients (Fig. 3A).25 The reduced cell viability was associated with 324 

increased apoptosis (Fig. 3B-C). Further, the drug combination synergistically reduced 325 

colony formation capacity in three FLT3 wildtype AML cell lines (Fig. 3D-E, Table S7).  326 

 327 

The venetoclax-gilteritinib combination suppresses ERK and GSK3A/B 328 

phosphorylation and induces proteasomal degradation of MCL-1 329 

MCL-1 confers resistance to venetoclax.22 We thus examined protein expression of MCL-1 in 330 

HL60 cells after exposure to gilteritinib, venetoclax or the combination. For gilteritinib, a 331 

concentration of 1 µM, that is slightly higher than usual drug plasma concentrations in 332 

patients,25 was chosen for optimal visualization of drug effects. MCL-1 protein expression 333 

decreased in venetoclax-gilteritinib exposed cells compared to non-treated or single agent 334 

treated cells (Fig. 4A). Besides other kinases, gilteritinib predominantly inhibits FLT3 and 335 

AXL and thereby affects downstream signaling pathways such as PI3K/AKT and 336 

Ras/Raf/ERK. Activation of most of these pathways occurs in FLT3 wildtype and mutant 337 

cells.26 The gilteritinib-venetoclax combination inhibited phosphorylation of ERK1/2 in FLT3 338 

wildtype HL60 cells (Fig. 4A). MCL-1 has a short half-life and is constantly degraded by the 339 

proteasome.27 Degradation of MCL-1 is mediated by various mechanisms which are not yet 340 

entirely understood.28 In addition to decreasing MCL-1 levels under gilteritinib-venetoclax, we 341 

observed a decrease of GSK3A/B phosphorylation (Fig. 4B). Phosphorylation of GSK3 by 342 

pERK has been shown to reduce kinase activity.29 We further observed that MCL-1 threonine 343 

163 (T163) phosphorylation levels decreased upon exposure to the venetoclax-gilteritinib 344 

combination (Fig. 4C). T163 phosphorylation induced by pERK stabilizes MCL-1.28 In 345 

addition, we found that venetoclax-gilteritinib increased MCL-1 serine 159 (S159) 346 

phosphorylation whereas the single drugs did not (Fig. 4C). Additional phosphorylation at 347 

S159 has been shown to be mediated by GSK3A/B and increased MCL-1 proteasomal 348 

degradation.29 In line, decreased pT163 and increased pS159 levels were associated with 349 

reduced levels of total MCL-1 in HL60 treated with venetoclax and gilteritinib (Fig. 4C) and 350 
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suggested proteasomal degradation of MCL-1. We performed venetoclax, gilteritinib and 351 

combination treatment of HL60 cells in the presence and absence of the proteasome 352 

inhibitors carfilzomib and ixazomib, respectively. MCL-1 levels increased upon proteasome 353 

inhibition in cells treated with gilteritinib mono or the drug combination (Fig. 4D, Fig. S7A). To 354 

evaluate whether the inactivation (i.e. dephosphorylation) of ERK by gilteritinib-venetoclax is 355 

important for drug efficiency, we treated HL60 cells with venetoclax, gilteritinib, venetoclax-356 

gilteritinib or the combination of the ERK inhibitor SCH772984 with venetoclax. As 357 

venetoclax-gilteritinib, the combination of ERK inhibition with venetoclax reduced HL60 358 

viability (Fig. S7B). Immunoblotting of treated cells further demonstrated that direct ERK 359 

inhibition in combination with venetoclax strongly decreased pMCL-1 T163 and thus reduced 360 

total MCL-1 levels comparable to venetoclax-gilteritinib (Fig. S7C). After overexpressing 361 

ERK, levels of pMCL-1 T163 increased (Fig. S7D), and total MCL-1 levels remained stable 362 

upon treatment with venetoclax-gilteritinib (Fig. S7E). Hence, reduction of pERK mediated 363 

phosphorylation of MCL1 at T163 is crucial for the mode of action of venetoclax-gilteritinib. 364 

The inhibition of GSK3, on the other hand, reduced the combination effect of gilteritinib-365 

venetoclax and partially prevented the downregulation of MCL-1 (Fig. S7F-G). 366 

Taken together, the combination of venetoclax and gilteritinib reduced levels of pERK, 367 

pGSK3A/B and pMCL1 T163 and induced S159 phosphorylation, which was associated with 368 

proteasomal degradation of MCL-1. 369 

 370 

MCL-1 S159A mutant cells do not respond to venetoclax-gilteritinib  371 

We sought to confirm the crucial role of S159 phosphorylation for efficacy of venetoclax-372 

gilteritinib by lentiviral overexpression of MCL-1 with a phosphorylation-resistant S159A 373 

mutation (Fig. 5A). MCL-1 S159A overexpressing cells showed increased resistance towards 374 

venetoclax (Fig. 5B). The venetoclax-gilteritinib combination was not synergistic and the 375 

MCL-1 S159A cells were resistant to the drug combination (Fig. 5C-D), underlining the 376 

importance of MCL-1 degradation for the effect of venetoclax-gilteritinib.  377 

 378 
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Dual inhibition of FLT3 and AXL is essential for venetoclax and gilteritinib synergism 379 

Gilteritinib affects kinases beyond FLT3, including the AXL receptor tyrosine kinase. We 380 

utilized bemcentinib, a specific AXL inhibitor to analyze involvement of AXL in the synergistic 381 

effects of venetoclax-gilteritinib. MCL-1, pERK and pGSK3 levels were following 382 

bemcentinib-venetoclax treatment (Fig. 5E). In contrast to gilteritinib, the FLT3 inhibitors 383 

quizartinib and midostaurin, which do not target AXL, did not reduce levels of MCL-1, pERK 384 

and pGSK3 in combination with venetoclax (Fig. S7H-I). In line, treatment with quizartinib 385 

alone or in combination with venetoclax did not reduce viability of HL60 wildtype cells as did 386 

gilteritinib with or without venetoclax (Fig. 5F). However, bemcentinib added to venetoclax-387 

quizartinib mimicked the effects of gilteritinib-venetoclax (Fig. 5F). These findings suggested 388 

that dual targeting of FLT3 and AXL was required for synergistic effects of gilteritinib and 389 

venetoclax.  390 

 391 

Gilteritinib combined with venetoclax reduced engraftment of a FLT3 wildtype, TP53 392 

mutated PDX model in vivo 393 

Next, we injected NSG mice with a highly aggressive PDX model (AML 372) to analyze in 394 

vivo efficiency of venetoclax-gilteritinib (Table S8). A FLT3 wildtype model with TP53 395 

mutation was chosen because the drug screen suggested highest activity in AML with a 396 

TP53 mutation. Mice were divided into four treatment groups: venetoclax, gilteritinib, 397 

venetoclax-gilteritinib and vehicle (Fig. 6A). Within the fourth week of treatment, engraftment 398 

was analyzed. Lowest engraftment was observed in the venetoclax-gilteritinib group, which 399 

was significantly different from engraftment levels in the control group (Fig. 6B). Two weeks 400 

post-treatment, mice were sacrificed. Again, percentage of CD45+ blasts was lowest in the 401 

venetoclax-gilteritinib group. Interestingly, only engraftment levels within the venetoclax-402 

gilteritinib group remained significantly lower compared to the vehicle group (p=0.0308, Fig. 403 

6B). If only samples with a bone marrow engraftment > 0.3% were included, engraftment 404 
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within the venetoclax-gilteritinib group was significantly reduced compared to the venetoclax 405 

group (p=0.0326, Fig. S8A). 406 

In conclusion, the venetoclax-gilteritinib combination is capable of effectively reducing FLT3 407 

wildtype, TP53 mutated AML . 408 

 409 

Venetoclax-azacitidine relapsed/refractory AML patients respond to gilteritinib and 410 

venetoclax  411 

Patients relapsing after venetoclax-azacitidine treatment do not respond to any known 412 

treatment.30 We treated four relapsed or refractory FLT3 wildtype AML patients for whom 413 

further treatment options had been exhausted with venetoclax and gilteritinib in off-label use. 414 

All patients had previously undergone allogeneic stem cell transplantation. Two of them (#02 415 

and #70) relapsed following treatment with venetoclax-azacitidine. One patient (#03) was 416 

upfront refractory to venetoclax and azacitidine as well as to a treatment combination 417 

including high-dose cytarabine following the second relapse. For patient #02, treatment with 418 

venetoclax and gilteritinib led to a rise in absolute neutrophil count (Fig. 6C), peripheral blast 419 

clearance and a bone marrow blast reduction from 53 to 30% (Fig.6D). Unfortunately, this 420 

patient suffered from infectious complications with no further blast reduction and died four 421 

weeks later. For patient #70, treatment with venetoclax and gilteritinib led to a peripheral 422 

blast reduction (Fig. 6E) and a rise in absolute neutrophil counts (ANC) above 1.0/nl (Fig.6C). 423 

In patient #03, the combination approach led to a reduction in bone marrow blasts from 70 to 424 

40% (Fig.6F). However, pancytopenia due to heavy pretreatment could not be resolved. 425 

Since the blast count was still at 40% eight weeks after the start of venetoclax-gilteritinib 426 

treatment, this palliative treatment approach was stopped. Patient #05 relapsed following 15 427 

courses of venetoclax-azacitidine. Bone marrow aspiration displayed blast counts of 8%, 428 

while the NPM1 level rose to 286%. Following three weeks of treatment with venetoclax-429 

gilteritinib, bone marrow aspiration displayed cytologic CRi and NPM1 levels dropped to 81% 430 

(Fig. 6G-H). The treatment was discontinued because of neutropenia CTCAE grade 3 and 431 
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infectious complications. The treatment was not reinitiated based on patient decision and 432 

changed to best supportive care. 433 

We analyzed the expression of MCL-1 in bulk bone marrow blasts obtained from patient #02 434 

and #70 under venetoclax-azacitidine and venetoclax-gilteritinib treatment, respectively. 435 

Notably, MCL-1 was strongly depleted in blasts from patient #70 and slightly decreased in 436 

blasts from patient #02 under venetoclax-gilteritinib (Fig. 6I). 437 

To replicate the venetoclax-gilteritinib treatment findings in-vitro, we treated blasts from 438 

patients #02 and #70 with venetoclax and gilteritinib in cell culture. Samples from patient #70 439 

were also included in our ex vivo drug screen (Table S1), and here venetoclax-gilteritinib had 440 

additive effects whereas response to venetoclax and azacitidine was weak (Fig. S8B). No 441 

material for in vitro analysis was available from patient #03, #04 and #05. Thus, we included 442 

material from an additional FLT3 wildtype patient (#01) with a second relapse 20 months 443 

after allogeneic stem cell transplantation at progressive disease who was upfront refractory 444 

to venetoclax and azacitidine (Table S1).  445 

In vitro, the venetoclax-gilteritinib combination reduced cell viability synergistically (Fig. S8C), 446 

whereas venetoclax and azacitidine did not (Fig. S8D). Further, the combination significantly 447 

reduced colony formation capacity in a synergistic manner (Fig. S8E). MCL-1 protein levels 448 

were suppressed upon venetoclax and gilteritinib treatment in bone marrow blasts from 449 

patient #01 (Fig. 6J) from whom sufficient material was available for western blotting.  450 

 451 

Venetoclax-azacitidine resistance correlates with upregulation of MCL-1 and 452 

FLT3-downstream pathways  453 

We generated resistant HL60 cells (HL60R) by constant exposure to increasing 454 

concentrations of venetoclax and azacitidine (Fig. 7A). HL60R cells expressed high levels of 455 

MCL-1 (Fig. 7B). Nonetheless, gilteritinib and venetoclax-gilteritinib decreased cell viability 456 

and inhibited colony formation capacity of HL60R (Fig. 7C-D). Proteome analyses of parental 457 

HL60 and HL60R cells revealed that several FLT3 downstream signaling pathways were 458 
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upregulated in venetoclax-azacitidine resistant cells. FLT3 as well as MAPK signaling 459 

associated proteins were enriched in HL60R (Fig. 7E-F, Table S9-S10).  460 

 461 

Discussion 462 

Venetoclax combination therapy constitutes a major breakthrough in AML. However, 463 

relapses occur frequently and few if any high-risk AML patients are cured by the currently 464 

approved venetoclax combinations. Identification of the best synergistic combinations might 465 

improve patients’ responses and remission duration. But these efforts are hampered by the 466 

fact that venetoclax is rather ineffective as monotherapy in AML. In addition, synergism drug 467 

screens with primary cancer cells are challenging.  468 

In our high-throughput drug screening with primary high-risk AML specimens, gilteritinib was 469 

identified as a promising combination partner for venetoclax therapy in FLT3 wildtype 470 

specimens. Synergistic activity of venetoclax and gilteritinib has already been reported in 471 

FLT3 mutated AML in vitro and in vivo.31-35 Prior in vitro studies also detected synergistic 472 

effects of venetoclax and gilteritinib in FLT3 wildtype samples, but these initial findings were 473 

not further investigated31,32 and the mechanism of action is unknown. An anti-leukemic effect 474 

of gilteritinib in FLT3 wildtype AML patients was also observed in clinical studies.35 This effect 475 

might be explained by an autocrine activation of the non-mutated FLT3 kinase in AML 476 

patients.36 The high synergism with venetoclax is specific for gilteritinib and was not found for 477 

other FLT3 inhibitors like midostaurin or quizartinib in our drug screen. Gilteritinib also inhibits 478 

AXL, a kinase that is significantly upregulated in AML samples.37,38 In our study, effects of 479 

either AXL inhibition with venetoclax or FLT3 inhibition (quizartinib, midostaurin) with 480 

venetoclax were lower than venetoclax-gilteritinib effects, respectively. Accordingly, 481 

combined AXL and FLT3 targeting is the likely mechanism for gilteritinib-venetoclax 482 

synergism in FLT3 wildtype AML. 483 

Induction of MCL-1 was identified as a major mechanism of resistance against therapy with 484 

the BCL-2 inhibitor venetoclax.22 FLT3 downstream signaling was found to induce 485 
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upregulation of MCL-1.39,40 AXL inhibition has been demonstrated to reduce MCL-1 levels in 486 

CLL samples.41 Both receptor tyrosine kinases, FLT3 and AXL, support proliferation and 487 

survival of AML cells through PI3K/AKT, Ras/Ref/MEK/ERK, and JAK/STAT signaling 488 

pathways.42 We identified ERK inhibition with subsequent activation of GSK3A/B, increased 489 

pS159 and decreased pT163 leading to reduced MCL-1 levels as mechanism of action of the 490 

gilteritinib-venetoclax combination. In our experiments, higher concentrations of gilteritinib 491 

even reestablished venetoclax sensitivity in MCL-1 overexpressing cells.  492 

MCL-1 is known to be regulated by various pathways.28 AML clones selected during 493 

venetoclax and azacitidine treatment are described to be more monocytic with higher 494 

expression of MCL-111. A reasonable treatment approach could be to add gilteritinib early to 495 

venetoclax in order to abolish formation of resistant MCL-1 expressing clones.  496 

Overall, gilteritinib-venetoclax was synergistic in FLT3 wildtype primary high-risk specimens. 497 

Of note, the combination reduced blast counts in several heavily pretreated FLT3 wildtype 498 

patients who lacked other treatment options. Given the late-stage disease of the patients and 499 

the individualized concepts, no further conclusions can be drawn at this time. A clinical trial is 500 

required to assess the venetoclax-gilteritinib combination in FLT3 wildtype AML patients.  501 

Taken together, our study shows that rational in vitro drug testing opens new avenues to 502 

further improve venetoclax-based treatment options in AML. 503 
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 667 

Figure legend 668 

Figure 1 – High-throughput drug screening approach identified gilteritinib as 669 

synergistic combination partner for venetoclax. 670 

(A) Experimental setup of the drug screening approach. 31 high-risk AML patient samples 671 

were treated with venetoclax (0, 1, 20 nM) with 64 different drugs in five different 672 

concentrations for 48 hours. Maximum concentrations used in the drug screen were IC50 673 

concentrations found in literature, all other concentrations were deduced from division steps 674 

by five. Viability was determined as a readout using CellTiter-Glo, and synergism scores 675 

(bliss, ZIP) were calculated using the synergyfinder R-package version 2.4.1318. (B) Waterfall 676 

plot of mean bliss scores of all drugs combined with venetoclax (calculated as the mean over 677 

all bliss scores reached with each drug in five concentrations combined with venetoclax in 678 

two concentrations). Bliss synergy score was calculated as described in 16. Colours indicate 679 

targets of the respective drugs. Waterfall plot is shown for all primary AML samples (n=31). 680 

(C) Relative inhibition (RI) reached by gilteritinib mono (left) and maximum bliss synergy 681 

scores for gilteritinib and venetoclax reached in all tested concentrations (right) in FLT3 682 

mutated (n=10) or FLT3 wildtype (n=17) samples. RI scores were computed according to the 683 

area under the curve (AUC) of the viability curves. The RI scores indicate the proportion of 684 

the maximum possible inhibition of each drug independent of a single concentration. Mean RI 685 
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and mean maximum bliss, respectively, of individual patient samples are shown. Colours 686 

indicate the FLT3 mutational status. Statistical significance was assessed using a two-tailed 687 

Student’s unpaired t-test. *p≤0.05. (D) Heatmap depicting bliss scores for venetoclax 688 

combined with different FLT3 inhibitors in FLT3 wildtype patient samples. (E) Waterfall plot of 689 

mean bliss scores of all drugs combined with venetoclax (calculated as the mean over all 690 

bliss scores reached with each drug in five concentrations combined with venetoclax in two 691 

concentrations). Bliss synergy score was calculated as described in 16. Colours indicate 692 

targets of the respective drugs. Waterfall plots is shown for the subgroup of patients with 693 

TP53 mutations obtained at first diagnosis (n=6). (F) Bliss synergy scores of venetoclax in 694 

combination with gilteritinib, azacitidine, cytarabine and daunorubicin, respectively, in a 695 

patient sample with TP53 mutation and FLT3 wildtype. Colours indicate synergism calculated 696 

as described in 16. Synergy scores of ≥ 0 are regarded as synergistic. 697 

 698 

Figure 2 – Proteomics of primary AML patient samples revealed upregulation of 699 

FLT3 and MAPK signaling in venetoclax-azacitidine resistant samples. 700 

(A) Experimental setup of the proteomics experiments conducted with primary patient 701 

samples. FLT3 wildtype samples (n=6) were divided into two groups according to bliss 702 

scores achieved by venetoclax and azacitidine in the drug screening approach (high-703 

responders (n= 2) vs. low-responders (n= 4)). Cells were sorted for high CD34 and moderate 704 

CD45 expression, and whole proteome was examined by mass spectrometry and compared. 705 

(B) Maximum venetoclax-azacitidine bliss scores of FLT3 wildtype patient samples analyzed 706 

by proteomics. A bliss > 5 was defined as high response. (C) NES plot for FLT3 (left) and 707 

MAPK (right) signaling in AML samples with high ex vivo response vs. low response to 708 

venetoclax-azacitidine. (D) Heatmap of FLT3 signaling associated (top) and MAPK signaling 709 

associated (bottom) proteins differentially expressed in AML samples with high ex vivo 710 

response vs. low response to venetoclax-azacitidine.  711 
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Figure 3 – Combination of gilteritinib and venetoclax reduced viability, 712 

increased apoptosis, and diminished colony formation capacity in FLT3 713 

wildtype samples. 714 

(A) Dose response assay for HL60 (left) and OCI-AML 2 (right) cells treated with indicated 715 

concentrations of venetoclax and gilteritinib for 48 hours. Viability was assessed by staining 716 

with MTS reagent and was normalized to untreated controls. Data are presented as mean ± 717 

s.d. of three technical replicates of one representative independent experiment (n=3). (B) 718 

Percentage of apoptotic cells was measured by flow cytometry in HL60 and OCI-AML 2 cells 719 

24 hours after treatment with venetoclax (0, 10, 100 nM) and gilteritinib (0, 500 nM) upon 720 

staining with Annexin V-antibody and PI. Data are presented as mean ± s.d. of two 721 

independent experiments comprising two technical replicates each. Statistical significance 722 

was assessed using a two-tailed Student’s unpaired t-test. * p<0.05, ** p<0.005, ***p<0.0005. 723 

Bliss scores are given in a range of -100 to 100 with 100 as maximum bliss score. (C) 724 

Representative images of FACS analysis of OCI-AML 2 following 24 hours treatment with 725 

gilteritinib (0, 500 nM) and venetoclax (10, 100 nM). (D) Effect of venetoclax and gilteritinib 726 

onto colony formation capacity of HL60, OCI-AML 2 and OCI-AML 3 cells was assessed by 727 

seeding cells in methylcellulose supplemented with the respective drugs for ten days. Data of 728 

three independent experiments with three technical replicates each are presented. Bliss 729 

scores are given in a range of -100 to 100 with 100 as maximum bliss score. (E) 730 

Representative microscopy images of colony formation assays using HL60 cells treated with 731 

indicated concentrations of gilteritinib and venetoclax for ten days.  732 

Figure 4 – Venetoclax and gilteritinib reduced ERK and GSK3B 733 

phosphorylation and MCL-1 protein levels via proteasomal degradation. 734 

(A) Protein expression of MCL-1, BCL-2, pERK and total ERK in HL60 cells treated for 735 

indicated time span with 1 µM gilteritinib, 20 nM venetoclax or the combination of both as 736 

analyzed by western blotting. B-ACTIN levels are given as loading control. All western blot 737 

images have been cropped for improved clarity and conciseness. Quantification was 738 
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performed using ImageJ. Data are representative for three independent experiments. (B) 739 

Protein expression of pGSK3A and B, total GSK3A and B and MCL-1 in HL60 cells treated 740 

for indicated time span with 1 µM gilteritinib, 20 nM venetoclax or the combination of both as 741 

analyzed by western blotting. VINCULIN levels are given as loading control. Quantification 742 

was performed using ImageJ. Data are representative for three independent experiments. 743 

(C) Protein expression of MCL-1, pMCL-1 S159 and pMCL-1 T163 in HL60 cells treated for 744 

indicated time points with 1 µM gilteritinib, 20 nM venetoclax or the combination of both as 745 

analyzed by western blotting. B-ACTIN levels are given as loading control. Quantification was 746 

performed using ImageJ. Data was obtained from the same biological replicate as data 747 

shown in (A) and is representative for three independent experiments. (D) Protein expression 748 

of MCL-1, BCL-2, pERK and total ERK in HL60 cells treated with 1 µM gilteritinib, 20 nM 749 

venetoclax or the combination of both with or without addition of the proteasome inhibitor 750 

carfilzomib for 4 hours. B-ACTIN levels are given as loading control. Quantification was 751 

performed using ImageJ. Data are representative for three independent experiments. 752 

 753 

Figure 5 – Overexpression of MCL-1 with S159A mutation induced resistance to 754 

venetoclax and co-targeting of FLT3 and AXL kinase is crucial for combination 755 

effect 756 

(A) Protein expression of MCL-1 in parental HL60, empty vector transduced, MCL-1 757 

overexpressing and MCL-1 S159A mutated HL60 cells as analyzed by western blotting. B-758 

ACTIN levels are given as loading control. Data are representative for three independent 759 

experiments. (B) IC50s for venetoclax, azacitidine and gilteritinib in empty vector transduced, 760 

MCL-1 overexpressing and MCL-1 S159A mutated HL60 cells were measured by treating 761 

cells in triplicates with the drugs in seven concentrations (1 nM, 10 nM, 50 nM, 100 nM, 500 762 

nM, 1 µM, 10 µM) for 48 hours and staining with MTS reagent. IC50 was calculated at 763 

grcalculator.org and representative results of three independent experiments are shown. (C) 764 

Effect of 20 nM venetoclax, 500 nM gilteritinib or the combination of both onto viability of 765 
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empty vector transduced, MCL-1 overexpressing and MCL-1 S159A mutated HL60 cells. 766 

Viability was assessed by staining with MTS reagent and normalized to untreated cells. Data 767 

are presented as mean ± s.d. of three technical replicates of one representative independent 768 

experiment (n=3). (D) Venetoclax-gilteritinib bliss scores calculated from effect of the drug 769 

combination on viability of respectively transduced HL60 cells. Bliss scores are given in a 770 

range of -100 to 100 with 100 as maximum bliss score. Bliss scores of ≥0 indicate synergy. 771 

(E) Protein expression of MCL-1, pERK, ERK, pGSK3 and GSK3 in HL60 cells treated for 772 

indicated time span with 1 µM bemcentinib, 20 nM venetoclax or the combination of both as 773 

analyzed by western blotting. B-ACTIN levels are given as loading control. Quantification was 774 

performed using ImageJ. Data are representative for three independent experiments. (F) 775 

Effect of 20 nM venetoclax, 1 µM gilteritinib, 1 µM bemcentinib, 1 µM quizartinib or various 776 

combinations of the drugs onto viability of HL60 cells. Viability was assessed by staining with 777 

MTS reagent and normalized to untreated cells. Data are presented as mean ± s.d. of three 778 

technical replicates of one representative independent experiment (n=3).  779 

Figure 6 – Primary AML from patients with venetoclax-azacitidine-refractory 780 

disease respond to venetoclax and gilteritinib in vitro and in vivo. 781 

(A) Overview on PDX model experiment: 20 mice were injected with PDX cells. Treatment 782 

with gilteritinib, venetoclax, combination of both or vehicle started three weeks post injection 783 

and lasted four weeks. One animal of the control group died a few days after the injection of 784 

AML cells before the treatment was started and was considered as drop out. Two weeks 785 

after treatment stop, mice were sacrificed and bone marrow was analyzed. (B) Percentage of 786 

CD45+ cells in bone marrow obtained from PDX transformed mice in the fourth week of 787 

treatment (left) or after sacrifice (right). *p<0.05. (C) Absolute neutrophile count for patients 788 

#2 and #70 upon treatment with venetoclax-gilteritinib. (D-G) Percentage of bone marrow (D, 789 

F, G) or peripheral blood (E) blasts of four venetoclax-azacitidine refractory patients treated 790 

with venetoclax-gilteritinib. Blast percentage was analyzed at indicated time points upon start 791 

of the respective treatment condition. (H) Percentage of NPM1 level of patient#05. NPM1 792 
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level was analyzed at indicated time points upon start of the respective treatment condition. 793 

(I) Blasts from patients #02 and #70 obtained at different stages of therapy were lysed and 794 

analyzed for levels of MCL-1 and B-ACTIN. (J) Primary AML blasts from patient #01 were 795 

treated for twelve hours with 100 nM venetoclax, 500 nM gilteritinib or the combination of 796 

both. MCL-1 and B-ACTIN levels were detected by western blotting and compared to 797 

untreated cells. 798 

Figure 7 – Venetoclax-azacitidine resistance is associated with upregulation of 799 

MCL-1 and FLT3 signaling and could be partly overcome by gilteritinib. 800 

(A) IC50s for venetoclax, azacitidine and gilteritinib in sensitive and venetoclax-azacitidine 801 

resistant HL60 were measured by treating cells in triplicates with the drugs in seven 802 

concentrations (1 nM, 10 nM, 50 nM, 100 nM, 500 nM, 1 µM, 10 µM) for 48 hours and 803 

staining with MTS reagent. IC50 was calculated at grcalculator.org and representative results 804 

of three independent experiments are shown. (B) MCL-1 levels in sensitive and resistant 805 

HL60 as estimated by western blotting. Blot is representative for three independent 806 

experiments. (C) Resistant HL60 were treated in technical triplicates with venetoclax (0, 1, 807 

10, 20, 50, 100, 500 nM) and gilteritinib (0, 100, 500, 1 000 nM) for 48 hours. Viability was 808 

assessed by staining with MTS reagent. Data are presented as mean ± s.d. from one of three 809 

independent experiments. (D) Effect of venetoclax-gilteritinib combination on colony 810 

formation capacity of resistant HL60 was assessed by seeding cells in methylcellulose 811 

supplemented with the respective drugs for ten days. Data of three independent experiments 812 

with three technical replicates each are shown. Bliss scores are given in a range of -100 to 813 

100 with 100 as maximum bliss score. (E) NES plot for FLT3 (left) and MAPK (right) signaling 814 

in sensitive vs. venetoclax-azacitidine resistant HL60 cells. (F) Heatmap of MAPK (left) and 815 

FLT3 (right) signaling associated proteins differentially expressed in sensitive vs. venetoclax-816 

azacitidine resistant HL60 cells.  817 
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