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2 Abstract

Acute myeloid leukemia (AML) is characterized by the uncontrolled proliferation of

immature myeloid cells, leading to suppression of nornemhatopoiesisTreatment

strategies for AML are complex and include conventional chemotherapy, targeted
therapies, immunotherapy, and allogeneic hematopoietic stem cell transplantation
(alloHSCT). Despite these advances, the prognosis for many AML patients remajns poor

largely due to disease relapse. One of the major contributing factors is the supportive role
ofthelmne marrow microenvironment, where stror

haveno for resi dual AML bl asts.

Non-hematopoietic stromal cells within the bone marrow play an essential role in
promoting AML cell survival, proliferation, immune evasion, and relapse after therapy.
Therefore, disrupting tumestroma crosstalk through pharmacological intervention
repregnts a promising therapeutic strategy that could complement existing
chemotherapy or immunotherapy approaches.

Bone marrow is a highly specialized tissue composed of diverse cellular populations. In
this study, our primary focus was on mesenchymal stromal cells (MSCs) and their
interactions with AML cells. We hypothesized that AML cells promote a tumor
supportive nicroenvironment by reprogramming MSCs and altering their functional
properties, and that these processes may be regulated by theigidfling pathway.
Specifically, we aimed to evaluate the impact of(p@®ibition in MSCs on key stroma
dependent AML dinctions, including leukemic cell proliferation, susceptibility to
cytotoxic T-cell-mediated killing, and sensitivity to chemotherapy. The overall objective
was to identify novel druggable targets in MSCs that could support the development of
combination lherapies for AML.

Our findings demonstratithat p3& acts as a central regulator of the qumorigenic
functions of MSCs by controlling theinflammatory responsesecretory profile,
differentiation potential toward adipogenesis and fibrosis, and reprogramming into a
cancerassociated phenotype. Inhibition of the p3&ithway and its associated targets
including UNC5B, | L 7 Risduped this Tegulatory metwdrk, HA S 2 |
resulting inMSC reprogrammingnd reduced support for AML blasts. Pharmacological
compounds drgeting thep38J pathway and its newly identified downstream targets
suppressd AML growth, increasd AML cells' sensitivity to the chemotherapeutic

agents doxorubicin and venetoclax, deldfML relapse, an@nhancd cytotoxic Tcell
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activation in vitro. Mi c e wi t h geneti caMapkld shaveict i vat e
significantly increased survival in an AML model.

As therapeutic strategies targeting the tumor microenvironment gain increasing
importance, these findings provide a foundation for future studies exploring stroma
targeted combination therapies. Ultimately, such approdusesa strong potential to

improve treatment outcomes for patients with AML.
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Zusammenfassung

Akute myeloische Leukd&mie (AML) ist durch unkontrollierte Proliferation unreifer
myeloischer Zellen gekennzeichnet, die zur Unterdrickung der normalen Hamatopoese
fuhrt. Die Behandlungsstrategien fur AML sind komplex und umfassen konventionelle
Chemotheraie, gezielte Therapien, Immuntherapie und allogene hamatopoetische
Stammzelltransplantation (alloHSCT). Trotz dieser Fortschritte bleibt die Prognose fir
viele AML-Patienten schlecht, was vor allem auf Ruckfalle der Krankheit

zurlckzufuhren ist. Einer deHauptfaktoren ist die unterstitzende Rolle des

Knochenmar kmi kromi |l i eus, in dem Stromazel

fur verbleibende AMEBIlasten schaffen konnen.

Nicht-hamatopoetische Stromazellen im Knochenmark spielen eine wesentliche Rolle
bei der Forderung des Uberlebens, der Proliferation, der Immunvermeidung und des
Ruckfalls von AML-Zellen nach der Therapie. Daher stellt die Unterbrechung der
TumorStromaKommunikation  durch  pharmakologische Intervention  eine
vielversprechende therapeutische Strategie dar, die bestehende Chemetbeeapie

Immuntherapieanséatze erganzen konnte.

Das Knochenmark ist ein hochspezialisiertes Gewebe, das sich aus verschiedenen
Zellpopulationen zusammensetzt. In dieser Studie lag unser Hauptfokus auf
mesenchymalen Stromazellen (MSCs) und deren Wechselwirkungen mitZ&aNdn.

Wir stellten die Hypothesauf, dass AMEZellen ein tumorunterstitzendes Mikromilieu
fordern, indem sie MSCs umprogrammieren und deren funktionelle Eigenschaften
ver2ndern, und dass dSignaweg regulerzwesien&obnrent r ¢ h
Konkret wollten wir den Einfluss eie r -HeBnflthg in MSCs auf wichtige
stromabhangige AMiFunktionen untersuchen, einschlie3lich der Proliferation von
Leukamiezellen, der Anfalligkeit fur die zytotoxischeZg&ll-vermittelte Abtétung und

der Empfindlichkeit gegeniber Chemotherapie. Dagg@mednete Ziel war es, neue
medikamentdse Ziele innerhalb der MSCs zu identifizieren, die die Entwicklung von

Kombinationstherapien fir AML unterstiitzen kdonnten.

Unsere Ergebnisse zédm, dass p38 als zentraler Regulator der pramorigenen
Funktionen von MSCs wirkt, indem es deren entztindliche Reaktionen, ihr sekretorisches
Profil, das Differenzierungspotenzial fur Adipogenese und Fibrose sowie die

Reprogrammierung in einen krebsassoziierten Riggnsteuert. Die Hemmung des

12
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p 3 SSlgnalwegs und seiner assoziierten Ziele, darunter UNC5B,ULIR.7D und

HAS2, store dieses regulatorische Netzwerk. Dies fghunter anderem zu einer
Reprogrammierung der MSCs und zu einer verminderten Unterstitzung von AML

Bl asten. Phar makol ogi s c h &igniveg kirel tseirfe fneu, di e
identifizierten nachgeschalteten Ziele abeie] unterdriden das AML:Wachstum und

erhohen die Empfindlichkeit der AMiZellen gegeniber den Chemotherapeutika
Doxorubicin und Venetoclax. Zudem végetensie das AML:Rezidiv und verstéatkn

die Aktivierung zytotoxischer-Zellenin vitro. Mause mit genetisch inaktiviertem p38

(Mapk14 zeigen in einem AMLModell eine signifikant erhohte Uberlebensrate.

Da therapeutische Strategien, die auf die Tumormikroumgebung abzielen, zunehmend
an Bedeutung gewinnen, bilden die in dieser Arbeit beschriebenen Erkenntnisse eine
Grundlage fur zukunftige Studien, die Stromialgerichtete Kombinationstherapien
untersuche. Letztendlich erdffnen diese Ansétze betréchtliches Potenzial, um die

Behandlungsergebnisse bei Patienten mit AML zu verbessern.
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3 Literature overview

3.1 AML : mutations and the treatment

Four physicians Alfred Velpeau, Alfred Donné, John Bennett, and Rudolf Virchow

are recognized as the pioneers in describing leukemia. Dr. Velpeau gave the first
description of leukemia Dr. Donné performed the first microscopic examination of
blood cells from the leukemia patient. Dr. Bennett terthedlisease as leucocythemia
with additional description of colorless cellstie patient’s bloo#l Dr. Virchow termed

the disease a% bukami@® in 1847 and classifiethe disease as splenic and lymphatic
leukemialn addition, Dr. Neumann connected leukemia to bone marrow, suggesting that
this type of cancearisesfrom theré. Simultaneously, all of therdocumented various
symptoms, such as "milky blood," and noted the notably enlarged liver and spleen. Over

the decades, our understanding of leukemisstmpsficantlyadvanced.

AML is atype of hematologic neoplasia that is characterized by the uncontrolled
proliferation of immature myeloid cells in the bone marrow, then in peripheral blood,
with metastasis to othetissuessuch as lymph nodes, spleen, livemd other
compartments of bone marrbwAML cells or blastsdevelop due to specific genetic
mutations under stressful environmental conditions, which disrupt nbenmatopoietic
differentiation This fact leadgo theclonal expansion of leukemic sterells and the
accumulabn of daughter blast cells, with tlygeneration of strong immunosuppression
and blockingof normal hematopoiesi®AML is a highly heterogeneous disease, like
many cancer types, with a specific spectrum of chromosomal abnormalities and genetic
mutations, which lead to different therapy responses andamavepact on the prognosis

for the patients

3.1.1 Frequent mutations in AML
AML can be classified by two main parameténscytogenetiacategories and by their
related mutations. Cytogenic categories reltdgbtepatient'prognosisan be classified

into four groups

a) Favourableprognosisd translocation (15;17)(q22,q21) leading to acute
promyelocytic leukemia, inversion 16 (pl3; g22) or translocation (16;16)
(p13;g22) and translocation (8;21)(922;922) in core binding factor (CBF) leading

to acute myeloid leukentia

14



b) Intermediate prognosis with essentially a normal karyotype ¥{80% of
AML);

c) Unfavourabled complex cytogenetic karyotype (three or more abnormalities)
and translocation/inversion 3926 (MECOM; MDS1/EV1 complex lgcus)

d) others?

The mostfrequentmutations for AML are inFLT3, NPM1, DNMT3A, IDH1, IDH2,
TET2, RUNX1, TP53, NRAS, CEBRAJWT1genes. They mighalso beclassified

regarding prognosis for the patient:

a) Favourable: presence &UNX1::RUNX1T1, CBFB:: MYH11mutatedNPM1
withoutF L T3 blZTnDP i n f rC&EBP& mut at ed

b) IntermediateNPM1 mut atkRlT 3vi It h D waditypeNMRHEL T3 | T D
£(9:11)(p21.3;923.3MLLT3:KMT2A

c) Unfavourable: complex cytogenetic karyotype (three or more abnormalities) with
DEK::NUP214 rearrange oKMT2A or its fusion,BCR::ABLJ also mutations
of ASXL1, BCOR, EZH2, RUNX1, SF3B1, SRSF2, STAG2, U2AF1, ZAR$F2
DNMT3A, NRAS, IDH1/2, TETA mutation inTP53 geneshifts thepatient’s

prognosis to very adverse

Development of AML in patients results in many adverse effects, especially cytopenias,
including anaemia, thrombocytopenia, and neutropenia, dysfuncfiaytotoxic T
lymphocytes CTLSs), spleen and lymph nodes lesions. Akdkfacts in suncontribute

to diseaseelated morbidity and mortality
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Male Female

Prostate 313,780 30% Breast 316,950 32%

Lung & bronchus 110,680 11% Lung & bronchus 115,970 12%
§ Colon &rectum 82,460 8% Colon &rectum 71,810 7%
S Urinary bladder 65,080 6% Uterine corpus 69,120 7%
g Melanoma of the skin 60,550 6% Melanoma of the skin 44,410 4%
=z Kidney & renal pelvis 52,410 5% Non-Hodgkin lymphoma 35,210 4%
E Non-Hodgkin lymphoma 45,140 4% Pancreas 32,490 3%
g Oral cavity & pharynx 42,500 4% Thyroid 31,350 3%
';3 Leukemia 38,720 4% Kidney & renal pelvis 28,570 3%

Pancreas 34,950 3% Leukemia 28,170 3%

All sites 1,053,250 Allsites 988,660

Male Female

Lung & bronchus 64,190 20% Lung & bronchus 60,540 21%

Prostate 35,770 11% Breast 42,170 14%
- Colon &rectum 28,900 9% Pancreas 24,930 8%
-F{; Pancreas 27,050 8% Colon & rectum 24,000 8%
2 Liver & intrahepatic bile duct 19,250 6% Uterine corpus 13,860 5%
° Leukemia 13,500 4% Ovary 12,730 4%
® Esophagus 12,940 4% b Liver & intrahepatic bile duct 10,840 4%
£ Urinary bladder 12,640 4% Leukemia 10,040 3%
] Non-Hodgkin lymphoma 11,060 3% Non-Hodgkin lymphoma 8,330 3%

Brain & other nervous system 10,170 3% Brain & other nervous system 8,160 3%

All sites 323,900 All sites 294,220

Figure 1. Estimated new cancer cases and deaths by sex in the United States, 2025

Leukemia ranks approximately 9th to 10th globally in new cancer cases and 6th to 8th in
mortality rate8 (Figure 1) According to the American Cancer Society, the combined
cases of myeloma and leukemia account for half of all blood caftaégtse 2)

Estimated New Cases (%) of Leukemia,
Lymphoma and Myeloma, 2024

Myeloma 19%

35,780 cases Lymphoma 48%

89,190 cases

Leukemia 33%

62,770 cases Total cases: 187,740

Figure 2. Percent distribution of new cases of leukemia, myeloma, and lymphom&opied from
«Cancer facts and figuresAmerican cancer society, 2024.

According to the Robert Koch Institdtehe Syear survival rate for AML patients is the
lowest among all types of leukemfiigure 3) This fact creates a need to improve
treatment modalities for AML
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Relative 5-year survival by type of leukaemia and sex,
ICD-10 Cg1 — Cg5, Germany 2019 — 2020

Percent
100
80 87186
60
40

’ ﬁi

T T T T

ALL CLL? AML CML* Others®

T leuk 1
B vwomen B Men ype of leukaemia

Figure 3. Percent distribution of new cases of ALL, CLL, AML, CML and others types of
leukemia respectively to the sex of patient. AML is the most deadliest type of leukemi@raph
copied from Cancer in Germany 2019/2020.

3.1.2 AML: Treatmentand challengs

Gold gandardand first step for th&reatmentof AML patientsf or | ast decays i
regi me of chemotherapy which i.#comsistsaf named
7 days of cytarabine and 3 days of an anthracycline antibiotic, most often daunorubicin

(in some cases it can be substituted for doxorubicin or idarubicin or mitoxantorme).

l ong term overall survival rate after this
<10% in older patient8 Also, this scheme of chemotherapy is very strong and not all

patients can tolerate it wéll For older patients, a more suitalled mildtherapy might

involve combinations of azacytidine with decitabimed/or venetocld® Nowadays,

many new drugs were developed and approvedJbijed State’s Food and Drug
Administration FDA), including BCL2 inhibitorvenetoclaxand its derivatived, three

fms |Ii ke tyrosine kinase 3 (FLT3) inhibitor
isocitrate dehydrogenase 1 (IDH1) inhibitors (ivosidenib, olutasidenib), one IDH2
inhibitor (enasidenib)Gemtuzumab ozogamicin, G@nt-CD33 antibodyconjugate

with N-acetyto-calicheamiciny®, oral azait i di n e, C soial 3fé@rtulation i p o

with a 5:1 cytarabine:daunorubicin molar ratfplFLAG-GO or FLAGIda-GO regimen,

consisting of fludarabine, cytarabine, granulocyte colony stimulating factor, and low

dose gemtuzumab ozogamicin (G@pd glasdegib (Hedgehog inhibitofherefore, m
specialselected casealloHSCTmight be carrying odt. A summary of the therapeutics

used to treat AML is illustrated in Table 1.
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Table 1. Clinical therapy of patients with AML.

Name Molecular target Mechanism of action
Cytarabine (AreC, active Genome DNA Antimetabolite, incorporation
form is cytarabineb- into DNA
triphosphate)
Daunorubicin Genome DNA Damaging DNA by

intercalation between base pa

Azacitidine Genome DNA and| Hypomethylation of DNA and
RNA incorporation into DNA and
RNA
Venetoclax and its Bcl-2 Inhibition of Bck2
derivatives

Gilteritinib, Quizartinib, FLT3, FLT3ITD, Block ofthe FLT3-signalling

Midostaurin FLT3-TDK pathway
mutatiors
Ivosidenib,Olutasidenib IDH1-mutations Inhibition of IDH1 in Kreb’s
cycle
Enasidenib IDH2-mutation Inhibition of IDH2 in Kreb’s
cycle
Gemtuzumab ozogamicin CD33 Antibody-drug conjugate:

antiCD33 with calicheamicin

Despitenumerougherapeutic advancemerasd strategiesAML remains a challenging
neoplastic diseaseith high relapse rategspeciallyin older patients opatientswith

adverseisk genetianutations

3.1.3 Minimal residual disease
Minimal residual disease (MRD), also well known as Molecular residual dissese
evaluation status of the patient after induction of remissidnch displays a small

number of residual AML blasts in the bone marrow.
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et al 2018

Figure4 illustrates the kinetics of malignant growth in patients with ARThe xaxis
represents patient life expectancy and shows the remission assessment and post
remission monitoring phases. Theayis represents the proportion of malignant cells on

a |l ogarithmic scal e, ranging froemain (100 %)
clinical pathways. The red curve indicatedaaourable outcome, where advanced
techniques such as NGS cannot detect AML blasts. This corresponds to a state of
complete remission ®) without MRD (MRDnegative), which is linked to a
significantly lower risk of relapse and the best prognosis. In contrast, the blue curves
show lesdavourableoutcomes. The lower blue curve partly represents AML relapse
when malignant blasts persist at low levels after initial treatment, detectable by different
MRD assays. These patients are considered to be in complete remission with MRD
(MRD-positive). Unfortinately, during some periods, blasts may regrow, causing MRD
relapse. The upper blue line depithe mostunfavourableprognosis, showing clinical
(hematologic) relapse characterized by an easily detectable persistence of blasts.

Figure4 alsohighlights therepresentativenesd measurable residual disegseameters
to evaluate the prognosis for the patiesing different detection methods. also
represents three key MRD detection techniques: multiparameter flow cytometry (MFC),

polymerase chain reaction (PCR), and rgteration sequencing (NGS). These
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methods differ in their lower limits of detection, with MFC detecting malignant cells at

|l evel s of approximately 1 in 10] to 10 ,
hi ghest sensitivity, det ect i nRpw ey®mefrye w as
detection of MRD mybe chosen whearapid and broad method is requiréds usually

usedafter induction or consolidation therapy. PBRsed assays are performed when
validated marker assays are available; patients harbohifidgl, RUNXERUNX1T1

CEBPA PML-RARAmMutations and etc can be easily monitored with PCR methods.

NSG sequencing is cosaind timelimited, but it is increasingly integrated in academic
centres and for clinical trials; it helps to identify new or recurrent mutations with

therapeutic relevané!’,

This model underscores the prognostic significance of MRD monitoring. Patients who
achieve MRD negativity have better lotgrm outcomes, whereas persistent or rising
MRD levels indicate a higher risk of relapse and may warrant early therapeutic
interventon. The figure reinforces the role of highly sensitive molecular andiased
methods in refining risk stratification and guiding poEhission management in

hematologic malignanci&s

In clinics, for example, initial remission can be achieved ¥538% of young patients
using the 7+3 chemotherapy regirtferThis is why eradicating MRD from the bone
marrow of AML patients has become a crucial therapeutic goal, as its presence is closely

linked to relapse andnfavourableclinical outcomes.

3.2 Bone marrow niche

Bone marrow(BM) is a specific, softand semisolid tissue witha spongy structure. It
can be found in thmedullary cavitie®f thelargestbones, especially the femurs, tibias,
cranium,andsternumlt is ahighly complex tissue that contains numerous cell types that
belong to different lineages: hematopoietic, mesenchynzld endothelial.
Hematopoietic stem cells perform normal hematopoiesis of all typaamune cells
(lympho-, myelo-, anderythropoiesis while stromal cells support these differentiation
processés. Stromal cellswithin BM include mesenchymal stromal cells and their
lineages (adipocytes, osteoand chondroblasts), megakaryocytes (platelets),
macrophages, and osteoclasts. Sympathetic nerve f#s®®, macrophagé$

megakaryocyt&d and noamyelinating Schwann cef$provide additional signals that
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also contribute to theematopoietic stem cells (HSQsiche®. In summary, b cells

providenecessaryegulatory signals to coordinate hematopoiesis.

Bone marrow does not contain classical blood vessels, but iblaslararterioles and
sinuses Arterioles are the part of the vascular system that delivers btheg,form
specialized niches, particularly near the endosteamd are linked with specialized
microenvironments called arteriolar nicFfesdt is believedthat these arteriolar niches
play a main role irmaintaining quiescetiSC. Sinusoids carry blood out; they are more
widespreadn the bone marrown contrast to the arteriolar niches, sinidal niches are
associated with actively dividing HSCs, which subsequently differemtimterythroid,
lymphoid or myeloid lineagé.

Niches are local tissue microenvironments that maintain and regulate stem cells. The
bone marrow is a highly complex tissue that provigesessaryegulatory signals that
orchestrate hematopoie4islts niche provides thieadingsite for HSC renewal. HSCs

are selfrenewing progenitors that reside in the BM, whose derived subpopulations are
dynamically exposed to several stimuli that modulate survivalyeedwal, quiescence,
migration, and differentiationdriving an adequate hematopoié&iConsidemg the
hematopoietic cells, there are two core cell lineages in the BM: the common myeloid
progenitor line dedicated to megakaryocyte/erythrocyte lineage and to
granulocyte/macrophage lineage; and the common lymphoid progenitor line that
ultimately originaes the lymphocytes (B and T), NK and NKT cellee components of

the BM niche are highly heterogeneounsjuding soluble factors, cellular constituents,
extracellular matrixECM) and physical factofé& Extracellular matrix is represented by
reticular connective tissue. This is a network of thin, spreading fibers that provide
determine viscosity and support for the bone marrow cells. These fibers provide a
scaffold for the development and maturation of various blood cell types, including red
blood cells white blood cells, and platelésThe molecular crosstalk between HSC and
the cellular constituents of BM niche controls the balance of HS@esdival and
differentiation. This crosstalk between BM niche components and HSCs is reported to
be impairedn hematological malignancies, including leukethid herefore, having a
better understanding of the interactions within the BM microenvironment and the
mechanismsthat control it's homeostasis, may give rise to future -kEntkemia

treatments that would be able to deliver ldagn resultgFigure 5)
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Figure 5. Localization of MSCs in the bone marrow.

HSCs are located in perivascular niches near sinusoids, where endothelial and mesenchyma
cells support their maintenance by SCF and CXCL12. CX&dihdant reticular (CAR) cells als
overlap with CD45Ter119PDGFRJScal stromal cells. Additional niche regulators includ
sympathetic nerves, nanyelinating Schwann cells, macrophages, osteoclasttspblasts, adipocyte
(not shown), anéxtracellular matriximage was copied from S.J. Morris&nD.T. Scaddef¥.

3.3 Mesenchymal stromal cell{MSCs)

As it was described earlier, bone marrow consists of many cell typessupporting
tissue surrounding a tumahetumor microenvironmer(ffME), has beegharacterized

in many cancer diagnosescluding treatment reaction anelapse In recent decades,

this supportive tissue hbggun to be recognized as a potential target for the development
of new cancefighting therapies. MS€omprise ainy (20.00%0.1%)populationof the

bone marrw niche bearing CD29, CD44, CD73, CD90, CD105 and negative for
CD11b/c, CD14, CD19, CD31, CD34 CDA45, CD56, HDR®C. However, they are
indispensable constituents of the BM surroundings. MSCs have been located in close
proximity to HSCs and are present in aflajor bloodforming locations during
development. They are key providers of crucial elements that maintain the fluctuating
equilibrium between HSC seléplication, dormancy, growth, and specialization
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MSCs possess the capability to selplicate and differentiate into numerous cell forms,
such as fat cells, borfferming cells, and cartilage cells, which are crucial for both
healthy HSCs and cancerous leukemia stem cells (L&@g)re6). Furthermore, they
havethe power to adjusaind modulatemmune reactionsand modify the immediate
inflammation setting. Malfunction of MSCs correlates with a damaged BM setting that
encourages leukemia progression, and they have been involved in pathways that
contribue to leukemia expansion and therapgistanc¥.

RUNX2, cEBR,
Osterix Differentiation balance PPARy

/ - \

N
/{ /\

Osteogenesis Adipogenesis

Figure 6. Concept of MSC differentiation.

The schema illustrates the ;ﬁiBoIe in balancing the most important osteogenic and adipog
differentiation. Main transcription factors of osteogenesis are RUNX2 and Osteortix; alteri
adipogenic factors are cEBP and PRARreated in Biorender.
Azadniv et al*demastrated that itheBM niche in AML patients MSCs have increased
adipogenic ptential with improved ability to support survival of AML progenitor cells.
RNA sequencing of MSCs from AML and healthy donors showed that transcription
factors SOX9 and EGR?2 are decreased in MSCs isolated from AML palineadislition,
it was found thahealthy MSC cultured with conditioned medium from AML cell lines
showed decreased proliferation and osteogenic differentiation. Overall -devied
MSC are molecularly and functionally altered, contributing to hematopoietic
insufficiency. Konopleva et &f demmstrated that AML upegulates antapoptotic
proteins €.9.Bcl-2) in response to eoulture with MSCs or in the presence of MSC’s
conditioned media. Similar effects were found using primary materials from the AML

patients.

In this notable study’® authors usel scRNAseq to explore predictesignalling
interactions between HSCs and their neoplastic counterparts in the human BM with their

non-hematopoietimiches. Mesenchymal LEPR+ stromal cells are considered the key
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regulators ofhematopoiesisengaging with various marrow cell types. The research
suggests that inflammatory nicliemodellingmay suppress HSC subsets in AML,
showing resistance in clonal populations. Stromal gene signatures linked to niche
remodelling are associated with lower relapse rates and betterchestotherapy
outcomes across genetic risk groups. Overall, human AML intercebigaalling
indicates that inflammatory nicheemodelling causes tissue repression and clonal

selection, creating vulnerabilities for relapse during chemotherapy.

3.4 Cancer-associatedphenotype of MSCsand fibrosis

When MSCs are in thEME, they undergo a transformation into carassociated MSCs
(CAMSC39. In AML, cells express macrophage migration inhibitory factor (MIF) to
activate its receptor CD74 on MSCs, promptaiggady CAISCs to secrete H8 and
support tumor cell survivii. CAMSCs can also express periostin, which increas€s C
motif chemokine ligand (CCL)2 expression in acute lymphoblastic leukemia (ALL)
cells. However, this upregulates periostin expressiolCAMSCs, contributing to
leukemia progressidh Deletion of CXCL12 in MSCs leads to more efficient LSC
elimination by TKI treatment. As a result, there's a complex interplay between MSCs

and the surrounding factors in th1E=S,

The outcomes of patients with myelofibrosis rempaorly defined. Two studes™®4°
explicitly postulate that fibrosis iBBM with grade 23 correlates with the poorest
prognosis foAML patients. Chronic inflammation and fibrosis are commonly observed
in myeloproliferative neoplasms, which can account for up to 20% of AML cékes.
authoré! demonstrated thatnierleukinl functions as a principal regulator of
inflammation and contributes to fibrosis. The deletiodlbfl in murine models with
myeloproliferative neoplasms (MPN) restores normal hematopoiesis and diminishes

bone marrow fibrosis.

3.5 Leukemic stem cell§LSCs)

ChemdherapyresistantLSCs are thought to drive treatment failure and relapse by
residing in protective bone marrow niches supported by the bone marrow
microenvironment (BMM¥. Targeting interactions between LSCs and the BMM offers
a promising approach tovercomingtherapy resistance. One of the kagdiatorsof

these interactions is the chemokine receptor CXCR4, which, along with its ligand
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CXCL12 (@lso known assDF-1), regulates leukemic cell trafficking and survival. In
acute promyelocytic leukemia (APL)n vitro stromal cellsprotect blasts from
chemotherapynduced apoptosis, whilm vivo, these cells rapidly home to the bone
marrow anddisseminat®é Inhibition of CXCR4* with AMD3100, combined with
chemotherapy, improves survival and reduces tumor burden in preclinical AML models
and showed encouraging results in a clinical trial for relapsed AML (NCT00512252)
Further studies demonstrated that in some cases of AML with4FLD 3nutations the
effectiveness of the therapy can be iasegl in combinations with p38 inhibit4fs

CD44 is a widely expressed transmembrane glycoprotein. It mediateas-cell and
cell-to-matrix interactions by binding to hyaluronan, a glycosaminoglycan abundant in
the endosteal bone region. Beyond adhesion, diy&uronan interactions trigger
signallingpathways involving tyrosine kinase HER2, and kinases such as Src, RhoA, and
Racl. In AML, CD44 plays a crucial role IfSCs'homing and maintenance, while
suppressing differentiation. Elevated CD44 expression and certain isoforms are
associated withpoor prognosis. Notably, CD44 ligation with the H90 monoclonal
antibody in AML models disrupted LSC homing, altered their fate, and significantly
reduced leukemic burden, suggesting that CD44 is a critical regulator of LSC biology

and a promising therapéctargef®3334,
3.6 Targeting of MSCs in AML

In the majority of worldwide research concerning AML, the predominant focus is placed
on the leukemic cells themselves. The majority of therapeutic endeavors are directed
toward elucidating the underlying mechanisms within AML cells to identify potential
vulnerabilities that can be exploited to inhibit disease progression, overcome
chemoresistance, and decrease relapse risk. Although this approach has yielded
significant insights, it primarilyfocuseson the cancer cell compartment. Nowadays,
comparativelyfewer studies have investigated the role of MSCs in supporting leukemic
cell survival and resistance to thergpyTherapeutic strategies that integrate direct
targeting of AML cells with agents aimed at disrupting M®€Ediated support are
notably underrepresented in the literature. This discrepancy highlights a critical gap in
current research: despite notable adeamnents in AMLspecific therapies, clinical
outcomesremainunsatisfactory. Therefore, using such approach that also targets the

supportive swmal niche may enhance therapeutic efficacy and promote more durable
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disease controBelow, there is dist of several available studies on targeting MSCs for
AML therapy.

Borella et al' shows that targeting MSCs liie selective CaV1.2 calcium channel

blocker lercanidipine synergizes with chemotherapy ager@D AML modef®,

In AML, elevated levels of IL6 are associated with poor prognosis in patients.tbsing
Prrx1-Cre system, Hou et “lselectively deleted IL6 in MSCs imice. This deletion
leads to reduced AML growtm vivo, enhanced chemosensitivity to cytarabiaed
reduced OXPHOS in AML cells. Similarly, OXPHOS inhibitor IA@30759 improved
chemosensitivity in AML mice.

A phase 1 triahas been completed in whialdoximodwascombined with idarubicin
and cytarabine in patients with newly diagnosed AML (NCT02835728)this context
of a successful trialIDO expression was elevated AML -primed MSCs, which
suppored AML blasts by depleting tryptophan. IDO inhibitoreutd inhibit tumor

growth, although monotherapy efficacy was limited.

Another study showedhat AML cell lines or blasts impair MSC osteogenic

di fferentiati on, unl i ke nor mal CDh34 cell s.
marker TNAP without affecting late osteogenic genes. It required direct-N®8C

contact and involved activation of Notch sighah g , whi ch, when bl ock
secretase inhibitofDAPT), prevented thencrease inTNAP. The findings highlight

physical interactions and Notch pathway activation as key in stromal disiiption

Zhu et al’® identified DKK-1, secreted by MSCs as a negative regulator of the Wnt
pathway, as a key molecutethe inhibitory effect. Neutralizing DKKL with antibodies

or downregulating it via RNA interference showed reduced K562 cell proliferation in co
culture. DKK-1 expression in MSCs is regulated by stem cell transcription factor
NANOG.

3.7 p38MAPK -pathway and its targeting

p38MAP kinasef ami |y compr i ses MARKWLY , i sNARHID, (ns : p38
p 3 8 MAPK12 |, p BIBPK13, (which were discovered in 1994 using a
pharmacological scre&h The mitogeractivated protein kinase 14MAPK14),
commonly known as p 38 U andansongeother isaformisehet hr eoni

most studiedThe B8U pathwayplays aressential angivotal role in cellular responses
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to a wide spectrum of extracellular stimuli such as different types of stress, cytokines or
chemokines, and growth factors. In general, p38MAPKSs is often referred to as a "hub"
or "nexus" insignaling pathways because it collects signals from numerous receptors
and conductsignaling to numerous transcription factors and other downstream t&rgets

(Figure?).
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Figure 7. Schematic representation of p38MAPKSs signaling pathwaylt is shown, that p38 ha
numerous upstream activators: receptorsc@@pled, TGF, interleukin receptors), adaptors (TRALC

TRAF2, RIP), kinases (ASK1/2, TAK1, MLK2/3, MEKK4, DLK). Activation of them leads tc
of atiod 8f Dourdlessldowsnatieassnep§8ettentars: far@xanm

phosphoryl ation
MAPK-activated protein kinases (MAPKAPKs: MK2/3, HSP27), transcription factors (PAX6,
STATs, MYC, CHOP, ATF2) and chromatin components BINLL, Histones). Copied from websit
Cell Signaling Technology: https://www.cellsignal.com/pathways/p@®ksignaling.

The p3®& pathway is activated by various upstream kinases, including MAP kinase

kinases (MKKs), specifically MKK3,4 and MKK6. Upon activation, (B8
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phosphorylates a diverse array of downstream substihiegby modulatinggene
expression, protein synthesis, and cytoskeletal reorganizatiod pb88phorylates and
activates transcription factors such as p53, ATF2, and CREB, leading to the expression
of genes involved in inflammation, apoptosis, and cell cycle regulation. Specifically, the
activation of ATF2 leads to the transcription of numetioflammatory cytokines. p38
activates other kinases, such as MAPKAPK2 (MK2) and MAPKAPK3 (MK3), which
further propagate the signal and regulate downstream effectors.isv@&nknown to
regulate TNF mRNA stability. p&8can regulate translation by phosphorylating proteins
involved in mRNA stability and translation initiation. p38ontributes to cytoskeletal

remodeling by phosphorylating proteins involved in cell migration and adRé&sion

The p3& pathway is tightly regulated at multiple levels to ensure appropriate cellular
responses. This regulation involves: MKK3 and MKK®6 are the primary upstream kinases
that directly activate p38. Their activation is controlled by upstream kinases, such as
MAPK kinase kinases (MKKKSs), including TAK1 and MLKS3. Protein phosphatases,
such as MKPs (MAPK phosphatases), dephosphorylate) pB&reby inactivating it
p38Jcan activate the expression of MKPs, creating a negative feedback loop to dampen

its own ativity>®.

The p38 pathway plays a key role in inflammation by controlling the production-of pro
inflammatory cytokines and chemokifigsActivatior?® of p38Jtriggers the transcription

and translation of cytokines |like ONF, I L1
regulates the expression of chemokines that attract immune cells to inflammation sites.

p38U is also involved in activating inflammatory cells such as macrophages and
neutrophils. Thus, the p8Bpathway is linked to the development of various
inflammatory disease$ including rheumatoid arthriff§ inflammatory bowel disease

colitis and psoriasis.

Several smalmolecule inhibitors targeting different isoforms of p38 have been
developed: for example, ralimetinifLY2228820) losmapimod (GW856553X),
doramapimod (BIRB796), talmapimod (SGH#B9), neflamapimod (VX745), and

dilmapimod (SB681323), which are acting as Afd®@mpetent inhibitors. These agents

were initially developed for the treatment of inflammatory disorders such as rheumatoid
arthritis, chronic obstructive pulmonary disease, or astiased on the central role of

p38U in redgionloptoi ngl ammducry cytoXines (TNF,
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Only ralimetinib has been tested in oncology trials with patients suffering from advanced
solid tumors, such as recurrent ovarian can
Recurrent Ovarian Cancer o), metastatic bre
Trial Assessing the Efficacy and Safety of tamoxifen Plus LY2228820 in Advanced or

Met astatic Breast Cancer Progressing on
advanced/metastatiolonandnoans mal | cel | 1T ung carci noma ( N
of Prexasertib (¥2606368) in Combination With Ralimetinib in Participants With
Advanced or Me taamsdd agil ¢ o bdaansctea noa) (NCT02364
LY2228820 With Radiotherapy Plus Concomitant TMZ in the Treatment of Newly

Di agnosed Glioblastoma (GLYRad)o). Early «
safety, tolerability, and pharmacokinetics, but modest ninemapy efficacy, suggesting

t hat phar macol ogi cal i nhi bition of p38U i
therapeutic benefit may depend on tumor context antbowtion strategies. Overall,

these studies suggest timth ar macol ogi cally inhibiting p3
humans, though its clinical effectiveness ndapend on the specific disease and the use

of combination therapies.

The critical role of p38in inflammation and cancer has made it an attractive therapeutic
target.The iole of p38&Jin cancer is complex and contedependent. It can act as both a
tumor suppressor and a tumor promoter, depending on the cancer type and cellular
context.In some cancers, p8&an induce apoptosis and cell cycle arrest, acting as a
tumor suppressop38U can activate p53, leading to the transcription ofggoptotic
genesln other cancers, p&8can promote tumor growth, invasion, and metastasis by
regulating the expression of psarvival and preangiogenic factoré. p38Jcan promote
EMT by activatingthe expression of EMTelated transcription factos contribute to
drug resistan®. A notabledemonstrated the targeting of fiBBinase synergizes in
combination with birinapant, a SMA@®imetic, and overconseresistance in primary
AML 81,

Anna Brichkina et & outlined the role of p38in lung cancer progression in our group
Specifically,activation ofp38UJis required for RAS-driven lung tumorogenesis and it
regulates the expression of hyaluronan synt#2aq@lAS2) in canceassociated
fibroblasts (CAFs), which produce hyaluronan, a crucial component ®Miie Cancer
cells express high levels of CD44, which binds to hyaluronan, driving tcefgrowth.
Block of p38J signaling in CAFs with ralimetinib or directly HAS2 by 4
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methylumbelliferoneleads to reduced production of hyaluronan and thershywer

tumor growti®.

Sheila Stewart'sresearchgroug® has demonstrated that p3&an regulate the
senescencassociated secretory phenotype (SASP) of CAFs. RNA sequencing found a
strong connection between p38&ctivity and inflammatory factors, including CCL20,
CXCL5, IL11, IL1b, MMP1, MMP7, and SOD2, in breast cancer primary materials. This
SASP of CAFs, which involves a wide range of inflammatory factors, drives cancer
progression. Additionally, inhibiting [B® with SB203580 eliminates the tumor

supportive role of CAFs and senescent fibrobfasts

Another key studf, also from Sheila Stewart’s group, used mice with breast tumors to

show that treating them with CDDL1, a p38inhibitor is already in clinical use, slows

down the growth of metastatic spreading. The treatment also changes TAMs from a
tumorpromoting (M2) to a tumesuppressive (M1phenotype marked by increased

| FNo production and activation of Statl, a:
the cells with flow cytometry revealed that F4780acrophages in bone metastasis had

higher MHCII expression, while CD4T cel I's in the spleen sho
production and CD44nediated activation. As a result, the study used animal

bioluminescence imaging to show reduced tumor spread in the mice.

Thep38UJsignaling pathway is a complex and multifaceted pathway that plays a central
role in inflammation and cancer. Further research is needed to fully elucidate the
intricacies of this pathway and to develop effective therapeutic strategies targetthg p38
or its downstream effectors. Understanding the corttegendent roles of p8&vill be
essential for developing personalized medicine approaches to treat inflammatory
diseases and cancer.

3.8 Role of T cells in AML progression

Immune surveillance is crucial for preventing tumor growth by recognizing tumor
specific antigensT cells in human organism include subsets of CD4kelper (Th)

cells, such as Thl, Th2, Th9, Th1l7, and regulatory T (Treg) cells, based on cytokines

around inflammation sites. Thl cell s, sti mt
and IL2, while Th2 cks, in presence of IL4 or IL10, secrete-dl. IL5, IL9, IL13. Th17

cell s, producing 1L17, I L23, and 1 L22, deve
wit h TGFb, secrete I L1O and TGFbDb, suppres:

30



infl ammatory mediators | ike TNF, | L6, Il L1b
resolution. CD8+ T cells or CTLs differentiate into diverse subsets of memory CTLs
(central memory, effector memory, stem cell memory or resident memory) and by
cytokine praluction profile can be classified to Tcl, Tc2, Tc9, Tcl7 cells. Tcl T cells
mainly produce | FNo and TNF® anéonlthisisubset i nf e c 1

of T cells the projects was focused.

However, TME promotes immunosuppression and antigen loss, leading to immune
evasion. Additionally, MSCs impair various innate and adaptive immune ells
Suppression of cytotoxic T cell function in the TME is commonly observed and
contributes toAML progressiofY. CTLs are pivotal effector Tells that generate the
main adaptive immune response. During healteynatopoiesisthey can eliminate
aberrant cells, contributing to normal homeostasis. In AML, tie BM
microenvironment, CTLs demonstrate impaifadction compared to healthy donors.
CTLs in AML exhibit transcriptomic and protein signatures of exhaustion and
senescence with downregulated proliferative capacity in secondary lymphoid organs
(lymph nodes and spleen). Moreover, in 69% of AML patientthatdiagnosis the
absence of dendritic cells is obserRfedlood from AML patients exhibits elevated
levels of exhausted PD1+ CTLA4+ CTLs, and moreover, even demplyexhausted
PD1+ CTLA4+ TIM3+CTLs canbefound in their bone marrow. That can inde#tat
aberrant, chronically inflamed TME in AML bone marrow leads to deacti\itiom

CTLs, the MARkinase pathway controls TCR activation, and its activity might not be
beneficial for T cell activation and proliferation. Therefore, we decided to check whether
modifying stromal cells would lead to activation or deactivation of Amhatro.

The p38a pathway plays a role in supporting tupromoting activities in immune cells.
Reducing p38a activity through genetic means in macrophages or dendritic cells leads to
a decrease in inflammatieassociated colon cancer development in mouse models.
Additionally, inhibiting p38a enhances the body's ability to fight tumors by increasing
the capacity of dendritic cells to stimulate T cells. There is also evidence that blocking
p38a in T cells, either genetically or with drugs, can boost thekcante functions-

either by stabilizing IFNARL1 to improve T cell survival or by making adoptively

transferred T cells more effective, durable, and capable of mounting stronger réSponses

Nowadays, many publications were published, but stll-to-cell communication in
bone marrow between AML blasts, MS@sid CTLs is not well studied.
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4 Hypothesis and aims

Hypothesisand aim AML promotes a tumafriendly environment by reprogramming

MSCsand alteringheir functions. These reprogrammed MSCs are believed to support
AML progression bypromoting cancer cell growth, increasing chemotherapeutic
resistanceand possibly dampening agtncer immune responses. The activation of
p38U i s tophea pracslestp inAML -mediated reprogramming of MSCs
Therefore, i nhi band speciicallp Blénhtifyinga antl blaclking iito n
downstream effects iIMSC functionscould be a promising strategy to improve AML
treatment by reducings MSC-dependent grotla and enhancinghemosensitivity.

Research questions:

. Validate the impacbf p 3 dnllibition in MSCs on the stroradependent proliferation

of AML in vitro andin vivo.

| 1 . Ev aldepenteat gend ekpuession profile of MSCs in response to contact with
AML.Does AML induce | ineage ddependentmanrter?at i on
Whi ch mol ecul ar processes i n MBlibdgionmihd AML
the stroma®hat are the molecular mechanisthatare responsible fahe regulation

of stromadependent AML growth?

[ll. ldentify potential pharmacological compounds targeting caasgociated MSCs
Canwe use theseompoundgo inhibit AML growth in vitro?

IV. Evaluate the effect oidentified MSC-targeting pharmacological compounds
AMLs' sensitivity to chemotherapy. What is the impact of MSCs on AMLSs response to
chemotherapy?

V. Explore thecytotoxic capabilityof CD8 T cells, concerning p38dependent
conditions in tumosstroma interplay.Do MSCs impactthe immunophenotype and
killing abilities of CTLs? Does this procesgependn p38Jactivity in MSCs?
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5 Materials and methods

5.1 Materials

5.1.1 Cells

Different cell lines were used in this woakd are presentad Table 1 All thesecell

lines and all experiments were maintained under standard condisimga sterile

laminar hoogland the cells were grown the incubator at 37°C, at 5% g@nd at95%

humidity. Conditions for cultivation are explained in the section

Table 2. Cell lines used irthe present work.

Name of cell line

Mutations

Origin/Source

KG1la

ATCC CCL-246.1

A FGFR1OP2FGFR1fusion
p53mut (c.672+1G>A),
A NRAS (Gly12Asp).

J>\

Human AML. It is a
derivative of KG1
isolated froma 59year
old man.Cells were kindly,
provided by Prof. Drmed
Andreas Burchert and

STR-genotyped.
MOLM13 A KMT2A-MLLT3 fusion, Relapsed b@tman AML
DSMZ ACC554 A Internal tandem duplicatio| isolated froma 20year
FLT3 (FLT3ITD). old man.Cells were kindly,
provided by Prof. Dnned.
Andreas Burchert and

STR-genotyped.
NB4 A PML-RARA fusion, Human AML. Cells were
DSMZ ACC207 A KRAS (Alal8Asp), kindly provided by Prof.
A TP53 (Arg248GlIn). Dr. med.  Andreas

Neubauer

hMSCTERT Mesenchymal stromal cells frol It was kindly provided by

human bone marrow, immortalizq
with lentiviral transduction with
human TERT.

Prof. Dr. Ola Myklebos]
(Bergen, Norwayy
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M2-10B4

ATCC CRL-1972

Spontaneously immortalized cé

line

Mouse stromal cell ling
from bone marrow of
C57BL/6J x C3H/Hel
background Cells were
kindly provided by Prof

Dr. med.Andreas Burcher

C1498 Spontaneous leukemia Femalemouse AML from

ATCC TIB-49 C57BL/6J backgroundit
was purchased frorn
ATCC.

RN2 Retroviral transduction dheMLL - | Mouse AML. It was kindly,

AF9 fusion gene provided by Prof. Drmmed.

Andreas Neubauer

HEK293T Embrionic immortalized cells Human female permanent

line established fronthe
primary embryonic huma

kidney

5.1.2 Bacterialstrains

E.coli StbI3 strain waslerivedfrom H101E straipand itis optimized for cloning and

maintaining instabilityprone DNA, such of those diad in lenti and retroviral genome

it contains mutations iRecAand methylatiordependent restriction systems that reduce
DNA recombination and degradation, ensuring greater stability for repeated sequences

and genomic DNASo, in this workE.coli Stbl3 was used to maintain viral vector

generation tasks.

E.coli Topl0 is also a common strain engineered previously for-dfigtiency

transformation. Its genotype includes mutations ékedAlfor cleaner DNArecAlfor

reduced recombination, ahda ¢ Z gidvidlugwhite screening. The strain alsarbours

themcrA-mutation, enabling the efficient transformation of methylated DNA, making it

versatile for various cloning applications.
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5.1.3 Mouse strains

Table 2 represents a list of mowsseinsused inthestudy. All micewere kept in specific

pathogeHrree (SPF) conditions and the individually ventilated ICV Il cages in the

animal facility at theCenter for Tumor Biology and Immunology PhilippsUniversity

of Marburgwith alight-dark cycle of 12 hoursit theroom temperature of 22 + 2°C, and

ad libitumfood and water were supplied by the facility. All experiments conducted for

this work were approved by thRegierungsprasidium Giel3eapproval numbes:
Ak2/2024, Ex18/2025, Ex9/202883/2022,G532023, and G34/2024Mice aged 6 to

36 weeksvere used in the study.

Table 3. List of mouse strains.

Tg(TcraTcrb)1100Mjb/J]

Strain Description
C57Black6(C57BL/6) | Strain #000664 JacksonLab
C57Black6p38KI MMRRC Strain £42282JAX
m2Dv H
(Mapk14™2*IMmjax) The p38*82Fknockin allele alters a phosphorylation s
inhibiting activation of the kinase (publishbg Brichkina
et al®?)
OT-l (C57BL/6 | Strain #003831

RRID:IMSR_JAX:003831 transgenic Tcell receptor
(TCR) specific for the model chicken antigen O
(SIINFEKL) on CD8 T cells

OT-1 tgVenus

Mice of the lipidmodified YFP transgenic tgVenu
(Tg(CAG-Venus)1Hadj/J; JAX:011107) strainwere

crossbhreed with OT strain

5.1.4 Media and additives

All buffers and supplements were stored according to the manuféstungructions.

The media for cultivadn of primary cells weraliquoted in 50 mFalcon tubes, stored

at 4°C,and used withir2-3 months.

Themedia, chemicals, and reagents that were used for the experiments are tesibdes in

below.
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Table 4. Media and additives

Name Cataloguenumbers Company
2-Mercaptoethanol M3148100ML Sigmag USA
4%  formalin, buffered| 1.00496.5000 Sigmag USA
solution for histology
4-Methylumbelliferone M1508 Sigma USA
(4MU) sodium salt
Agar for bacteria 2266.3 CarlRoth, Germany
Agel-HF restriction enzyme| R3552S New England Biolabs
USA
Ammonium chloride NHCI | K298.2 CarlRoth, Germany
Ammonium persulfatg A2941 AppliChem, Germany
(APS)
Ampicillin - sodium  salt| KO29.2 CarlRoth, Germany
SigmaAldrich (St. Louis,
USA)
Annexin V FITC (31490013X2) Immunotools, Germany
APC (31490016X2
Water Distilled and MilliQ | ThermoFischer, USA
Ultra-pure
Biliverdin 30891 Sigma, USA
BODIPY Cay2589210 Cayman, USA
Bovine Serum  Albumir| A7906 Sigma, USA
(BSA)
Brefeldin A B-7651 BioLegend
BsmBlI restriction enzyme | R0O739S NEB, USA
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CD127 Monoclonal 14-127182 eBioscience
Antibody (A7R34)
Citric Acid Carl Roth GmbH 6490.1 CarlRoth, Germany

(Karlsruhe, G)

Collagenase I C2-BIOC-100MG Sigma
Dimethylsulfoxid (DMSO) | A3672 AppliChem, Germany
Dimethylsulfoxid DMSO A3672 AppliChem, Germany
Dispase D46931G Sigma

D-Luciferin 290275 Biozym, Germany
DME M ( Du @ 41966029 Gibco, USA

modi fied Eag

medium)

DNase |, recombinant 04716728001 Roche Switzerland
Doxorubicin T1020 TargetMol, China
Dul beccooéds 141906094 Gibco, Invitrogen, USA
Buffered Saline (PBS)

EcoRF HF  restriction| R3101S New England Biolabs
enzyme USA

Ethanol 5054.1 CarlRoth, Germany
Ethylene Glycolbis(2- | 3054.3 CarlRoth, Germany
aminoethylether)

N, N, Ntétradddgiic Acid

(EGTA)

Ethylenediaminetetraacetic| 8043.2 CarlRoth, Germany
disodium salt (N2EDTA)

Fetal Bovine Serum (FBS) | 10276106 Gibco

(culture T cells)
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Fetal Bovine Serum (FBS) | AC-SM-0190 Anprotech, Germany

(only for MSG and ce

culture media)

Formaldehyde, 37 % 4979.1 Carl Roth, Germany

Geneticin G418sulfate) G418Q Capricorn Scientific
Germany

Gelatin 4582.1 Carl Roth, Germany

Glycin, PUFFERAN 3908.2 Carl Roth, Germany

HCI K025.1 Carl Roth, Germany

HEPES 9105.3 Carl Roth, Germany

HEPES, buffered solutio] 15630056 Gibco

for cell culture

IL-17D, recombinant, huma 20027 Peprotech

Immobilon Westerry WBKLS0050 Sigma

Chemiluminescent HRI

Substrate

lonomycin 100634 Sigma

Isopropanol 6752.4 Carl Roth, Germany

Kanamycin T832.3 Carl Roth, Germany

Larotrectinib HY-12866 MedChemExpress, China

Lithium chloride (LiCl) 3739.2 Carl Roth, Germany

Luria Broth (LB) L3022 SigmaAldrich, USA

Lymphocyte Separatio| LSM-A Capricorn Scientific

Medium (LSM)

Magnetic beads, biotinylate

05-01-302, surfaceNH>»

NanomagCLD

Micromod
Partikeltechnologie GmbH
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MesenchymaKF expansionf SCM045 Millipore, Merck,

medium (human) Germany

MesenCult Basal mediun 05513 StemCellTechnologies,

(mouse) USA

Methanol 4627.5 Carl Roth, Germany

Milk, powdered, blotting T145.3 Carl Roth, Germany

grade

Navarixin HY-10198 MedChemExpress, Ching|

Non-essential aminoacids | M7145 Sigma

Oleanolic acid MCE-HY-N0156 MedChemExpressChina

OptiMEM Reduced serur| 11564506 Gibco

mdeia

Page Ruler Prestaing 26617 ThermoFischer

Protein Ladder

PEG6000 81260 Sigma

Penicillin (10.000 U/mL) 15140122 Gibco

Streptomycin (20.00(

pg/mL), 100x

solution (Pen/Strep)

Percoll 17089102 Cytiva, USA

Phorbol 12Myristate 13 | P15851MG SigmaAldrich

Acetate PMA)

PMSF Protease Inhibitor | 36978 Thermo Fisher Scientifi
GmbH

Potassium  hybrocarbona P748.1 CarlRoth

KHCOs

39



PVDF membranéor western| IPVH00010 Immobilon, USA

blotting

Puromycin dihydrochloride | P8833 Merck

Oil Red O 00625 Sigma

Ralimetinib S1494 Selleckchem, USA

RotiClear A538.5 Carl Roth, Germany

RPMI GlutaMAX 61870610 Gibco

RPMI L-glutamine 21875034 Gibco

Sirius Red, premade solutiq 640745 Clin-Tech Limited, UK

Sodium acetate S8750 Merck, Germany

Sodium buturate A11079 Alfa Aesar, Germany

Sodium chloride NaCl 3957.1 Carl Roth, Germany

Sodium dodecylsulfatf CN30.3 Carl Roth GmbH + Co. KG

(SDS, in pellets)

Sodium fluoride NaF S1504 Sigma Germany

Sodium hydroxide NaOH | 6771.1 Carl Roth, Germany

Sodium pyruvate (100mM) | S8636 Sigma Germany

Streptomycin S9137 Sigma Germany

T4 Ligase M0202S New England Biolabs
USA

Tetramethylethylenediamin| 2367.1 Carl Roth, Germany

(TEMED)

TRIS, PUFFERAN, base | AE15.2 Carl Roth, Germany

Triton X-100 T9284 Sigma Germany

Roticlear A538.1 CarlRoth Germany
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Hemalum solution acid ac{ T865.1 CarlRoth Germany
to Mayer

Eosin Y solution 3139.1 CarlRoth Germany
ROTI®Mount HP68.1 CarlRoth Germany
Trypan blue Thermo Fishg 15250061 Gibco

Scientific Inc.

TrypsinEDTA (0.05 %) 25300054 Gibco

Tween20 M147 VWR, Germany
UltraPure Agarose (use 16500500 ThermoFischer, USA

only for cloning vectors)

Ursolic acid MCE-HY-N0140 MedChemExpressChina
Venetoclax TGM-T2119 Target Mol, China
UMEM medi a M4526 Sigma

Essential Medium Eagle)

Ralimetinib was diluted in 0,9% physiological solution at 1 mM concentration. All other
compounds were dissolved in DMSO (Sigma) at 10 mM concentyatiored in80°C,
and diluted further in PBS immediately before use.

5.1.5 Antibodies
Table 5. List of antibodies

Name Catalogue Nr Company
antrhuman CD8APC #344722 BioLegend
antrhuman CD28BVv421 #302630 BioLegend
antrhuman CD6SFITC #310903 BioLegend
antrhuman TNFBV421 #502931 BioLegend
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antrhuman IFNo-
PE/Cyanine7

#502527

BioLegend

antrhuman CD107a (LAMP| #328645 BioLegend

1)-PE/DazzI& 594

Anti-mouse CD25APCCy7 | #557658 BD

antrmouse CD6PECY7 #250691-81 Invitrogen

antrmouse CD44PE #553134 BD

ant-rmouse CD62EBV605 #104438 BioLegend

antrmouse PEL1-PE #124308 BioLegend

antimouse CD§ #100340 BioLegend

antrmouse CD28 #102116 BioLegend

Anti-mouse IgG, HRHRinked | #7076 Cell Signalling

Antibody Technology

Anti-rabbit 1gG, HRPFlinked | #7074 Cell Signalling

Antibody Technology

phospheHSP 27 Antibody #sc¢166693 Santa Cruz

(B-3) Biotechnology

b-Actin (8H10D10) Mousg #3700 Cell Signalling

mADb Technology

Phosphep38 MAPK | #4511 Cell Signalling

(Thr180/Tyr182) (D3F9) Technology

XP® Rabbit mAb

p38U Ant-20b ody| sec535 Santa Cruz
Biotechnology
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p-Aktl/2/3 (Ser 473R SG7985R Santa Cruz
Biotechnology
CD3 (human) monoclong ALX-804822-C100 Enzo Life Sciences In
antibody (TR66)
Ultra-LEAFE Purified anti | 302934 BioLegend
human CD28L
Streptavidin Z7041 Promega GmbH
ant-FITC antibody,| 13-7691-82 Invitrogen
biotinylated
anttmouse CD4 11-004185 Invitrogen
antrmouse B220 11-045285 Invitrogen
antrmouse CD11c 11-011485 Invitrogen
antrmouse CD11b 11-011282 Invitrogen
antrmouse CD49b 11-5971-85 Invitrogen
antrmouse TER119 11-5921-85 Invitrogen
5.1.6 Kits
Table 6. List of kits.
Name CatalogueNr Company
NucleoSpin RNA Plus 740955.25 MachereyNagel
Foxp3 / Transcription Factq 00-5521-00 Thermo  Fisher  Scientifi
Fixation/Permeabilization GmbH

Concentrate and Diluent
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ABsolute gPCR SYBR Green Mix| AB-1158/B

Thermo Fisher Scientifil
GmbH

Detection Kit

FITC Annexin V  Apoptosig 640914

BioLegend

iScripte cDNA Synthesis Kit 1708891 Bio-Rad Laboratories
MojoSorf  Human CD8 T Cell 480129 BioLegend

Isolation Kit

Zombie NIR Fixable Viability Kit | 423105 BioLegend

5.1.7 Primers

Table 7. List of primers.

Genespecific primers were designed using Geneious v7 and verified using Primer

BLAST (NCBI).

Gene Sequences of the primers (¥ 3)
UNC5B F: GCTCGACTCTAAGAACTGCACAG
R: TGAGGATTGCCACGACCACGAA
SPX F: TCGCCGCTTCATCTCCGACCA
R: GACGCCAGTAAGATGGTTGCTG
| L7RU F: ATCGCAGCACTCACTGACCTGT
R: TCAGGCACTTTACCTCCACGAG
IL17D F: TGAGCAGGCGCGCAACGCGA
R: GCAGTAGGCTTCAGGCAGGTAC
HAS2 F: GCTTGACCCAGCCTCATCTGTGGA
R: TGCTGAGGAATGAGATCCAGGAATCG
RANKL F: GCCTTTCAAGGAGCTGTGCAAAA
R: GAGCAAAAGGCTGAGCTTCAAGC
PDPN F: GTGCCGAAGATGATGTGGTGAC
R: GGACTGTGCTTTCTGAAGTTGGC
IL1A F: GCCCAAGATGAAGACCAACCAGTGC
R: TGCCGTGAGTTTCCCAGAAGAAGAGG
IL1B F: TGAAAGCTCTCCACCTCCAGGGACA
R: GAGGCCCAAGGCCACAGGTATTTTG
IL6 F: AGGAACAAGCCAGAGCTGTGCAGATG
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R:TTTGTGGTTGGGTCAGGGGTGGTTA

IL8 (CXCLS8) F: ACCCCAAGGAAAACTGGGTGCAGAG
R: CTGGCAACCCTACAACAGACCCACA
CXCL20 F:GCTGCTTTGATGTCAGTGCT
R: GCAGTCAAAGTTGCTTGCTTC
PTGS2 F: CGCAAACGCTTTATGCTGAAGCCCTAT
R: GCATCTGGCCGAGGCTTTTCTACCA
COL1A1 F: TCAGCAAGAACCCCAAGGACAAGAGG
R: AGGAAGGTCAGCTGGATGGCCACAT
COL4A1 F: AGGATCTGTTGGTGGAATGGGCTTG
R: CCTGCCTGCCCTTTCTCTCCTTTTG
COL11A1 F: GACTATCCCCTCTTCAGAACTGTTAAC
R: CTTCTATCAAGTGGTTTCGTGGTTT
FN1 F: CAGTGGAATGCACCACAGCCATCTC
R: TGGTAGCTTCCTTCCAACGGCCTACA
ACTA2 F: CGACCGAATGCAGAAGGAGATCACG
R: GATGGAGCCACCGATCCAGACAGAG
LOXL2 F: TGACTGCAAGCACACGGAGGAT
R: TCCGAATGTCCTCCACCTGGAT
ADIPOQ F: AATAATGTGGACCAGGCCTC
R: TGAAGGTGGAGTCATTGTCATT
PPARGg F: TGAATGTCGTGTCTGTGGAG
R: TTGTGGATCCGACAGTTAAGAT
FABP4 F: AGTCAAGAGCACCATAACCTTAG
R: TTCATGACGCATTCCACCA
cEBPa F: AGGAGGATGAAGCCAAGCAGCT
R: AGTGCGCGATCTGGAACTGCAG
cEBPg F: GCTTACAGCAGGTTCCTCAGCT
R: CGTTGCCGATACTCGTCACTGT
FASN F: TGAGCAGTACACACCCAAGGCCAAGT
R: CACCCTCGATGACGTGGACGGATAC
RUNX2 F: TTCACCTTGACCATAACCGTC
R: AGAGTCATCAAGCTTCTGTCTG
MSX2 F: GGGGCAGGAGTAGGAGGACATA
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R:GGAGAACTCTGCACGCTCTG

ALP F: GTGGAGTATGAGAGTGACGAG
R: CGTGCGGTTCCAGATGAA
OCN F: CGCTACCTGTATCAATGGCT
R: GTCAGCCAACTCGTCACA
CD10 F: CTGCTGAGGGGTCACGATTTTAG
R: GAGTGCGATCATTGTCACAGC
CD73 F: AGTCCACTGGAGAGTTCCTGCA
R: TGAGAGGGTCATAACTGGGCAC
CD90 F: GAAGGTCCTCTACTTATCCGCC
R: TGATGCCCTCACACTTGACCAG
CD92 F: GAGAATGGAAGCCGCTGGAG
R: GCCACAAATAAATCCCATCCCA
CD105 F: CGGTGGTCAATATCCTGTCGAG
R: AGGAAGTGTGGGCTGAGGTAGA
TMEPAI F: GTGCAACTGCAAACGCTCTT
R: CCACAGGCATCCTTCTGAGG
HLA-A F: CAGGGCTCTGATGTGTCCCTCACA
R: CAAGTCACAAAGGGAAGGGCAGGAA
HLA-B F: CCCAGGGCTCTGATGTGTCTCTCACA
R: TGAAGTCACAAAGGGGAGGCGTGAA
HLA-C F: CAGCTGCCTGTGTGGGACTGAGATG
R: TGCCTTTGCAGAAAGAGATGCCAGA
HLA-DRA F:GACTGTGGGTCTGGTGGGCATCATT
R: TTGGGGTGGCTATAGGGCTGGAAAA
HLA-DRB1 F: AAGAACTTTCTGCCCCGGCTTTGC
R: TGCAGTTGCCGAACCAGTAGCAACC
HLA-DPA1 F: CGTGGGCACCGTCCTCATCATAAAG
R: TGAGATGGAGTTTGTAGGGCAGCTGGA
CD80 F:GTGGATTTAGTTTCACAGCTTGCG
R: GGGGAAATGTCGCCTCTCTG
CD86 F: GAAGAAGAAGAAGCGGCCTCGCAAC

R:CACGCTGGGCTTCATCAGATCTTTTCA

46




5.1.8 Plasmids

Table 8. List of plasmids

Amplification

Name Using in Manufacturer
pLKO.1-neo | Cloning of shRNA E.coli Stbl3 Addgene, USA
#13425
pCMV6- Overexpression of human IL17| E.coliTopl0 | Origene, USA,
entryIL17D | with Myc-DDK tag #RC206962
pU6-Cas9 sgRNAs against mousklapkl4| E.coliTopl0 | Addgene
Cherry with SgRNA #64324 which
TGGATGTGTTCACACCCGCA was kindly
provided by
Prof. Dr.
Matthias Lauth
pHIV- Luciferaselabelling of AML cells| E.coli Stbl3 Addgene
IRFP720 #104587
E2A-Luc
pPresentER | SIINFEKL labelling of AML | E.coli Stbl3 Addgene
SIINFEKL- | cells for Tcell killing assays #102944
GFP
psPAX2 Lentiviral packaging (gagol) | E.coli Stbl3 Addgene
helping plasmid #12260
pMD2.G Lentiviral VSV-G  envelope E.coli Stbl3 Addgene
helping plasmid #12259
pCl-Eco Retroviral gagpol-env helping| E.coli Stbl3 Addgene
plasmid #12371 which
was kindly
provided by Dr.
Miriam Frech
pgagpol Retroviral gagpol-env helping| E.coli Stbl3 Addgene
plasmid #14887 which
was kindly

provided by Dr.
Olaf
Pinkenburg

5.1.9 Transfection reagents

Table 9. List of transfection reagents
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o Catalogue number and
Name Application
manufacturer

PEI, linear, 25kDa Transfection off #23966, Polysciences, US

HEK293FT cells for

generation retro or

lentiviruses
Lipofectamine 3000 hMSCTERT transfection | ThermoFischer Scientifig

USA

MiruslIT-2020 M2-10B4 transfection Mirus Bio, Merck, Germany

5.1.10 Buffers and solutions

Table 10. List of buffers and solutions

Application Name

Composition

Decalcification| Decalcification buffer

33 g Tris base;

buffer for bones 100 g NaEDTA:
Fill up to 1L with ultrapure water
Common PBS (Dulbecco’s) 2,66 mM KCI
washing of 1.47 mM KHPO
cells

137,93 mM NacCl

8,059 mM NaHPQy

Specific casey PBS with calcium ang

of washing| magnesium

cells (Dulbecco’s)

6.62gCa C| L2H O and ¥
was dissolved in 100 mL MilliQ water. T
get PBS with calcium and magnesium, 1 |
of this mix was added to 500 ml of PE

without calcium and magnesium.

End point concentrations this PBSare:
0,9 mM CaCland 0,5 mM MgCl
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SDSPAGE

10x Running Buffer

30.3 g TrisBase (0.2501 M);
144 g Glycine (1.924 M);
50 ml 20% SDS Stock;

Fill up to 1 L with ultrapure water

WesternBlot

10x Transfer Buffer

30.3 g TrisBase (0.2501 M)

144 g Glycine(1.924 M)

1.85 mL 20% SDS Stock

Fill up to 1 L with ultrapure water

Dilute and mix with methanol (20%) befo

use
Washing 10x TBST, pH=7,4 24 g Tris base (200mM);
Buffer 88 g NaCl (1500mM);
10 mL TweeRr20;
Fill up to 0.2 L with ultrapure water.
SDSPAGE Tris-SDS Buffer 50 ml 1.5M TrisHCI pH 8.8;
gel casting

1 ml 20% SDS solution;

Fill up to 0.2 L with ultrapure water.

20% Resolving Gel

133 ml Acrylamide/Bisacrylamide 30%
(Rotiphorese 37.5:1);

50 ml 1.5M TrisHCI pH 8.8;
1 ml 20% SDS solution;

Fill up to 0.2 L with ultrapure water.

4% Stacking Gel

26.5 mL Acrylamide/Bisacrylamide 30%
(Rotiphorese 37.5:1)
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25 mL 1,5M TrisHCI pH 6.8
1 mL 20% SDS solution

Fill up to 0.2 L with ultrapure water.

FACS

Magnetic
separation
(MACS buffer)

cell
buffe

500 ml PBS; 2,5 g (0.5%) BSA Bovir
serum albumin); 2mM EDTA pH 8.0, steri
filtered (0,22 pm filters)

Cell lysis for
SDSPAGE

RIPA Buffer

25 mM Tris HCI (pH 7.5);

150 mM NacCl;

1 mM EDTA;

1 mM EGTA;

0,1% Triton %100;

1% sodium deoxycholate;

added Inhibitc
(Apoprotein, Leupeptin, DTT, and 1 m|
PMSF).

Freshly proteinase

For protein phosphorylation studies, als(
mM NaF, 2 mM NavO4, 10 mM NaP.O;
were added to the RIPA buffer.

Sample buffel
for SDS

PAGE

Laemmlie buffer 5x

formulation

10% SDS solution

50% Glycerol

25%b-mercaptoethanol

12,5 mL Tris HCI pH 6.8

500 mg Bromphenol blue

Adjust volume with MilliQ water to 50 mL
For cell lysis or sample preparation dilute

1x solution with MilliQ water.

Elimination of
erythrocytes

from isolated

Red blood cell (RBC]

lysis buffer

8.02 g (0,15 M) NH

1 g (0,01 M) KHCO
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primary  cell

suspensions

0.0372 g (0,1 mM) N&DTA in 1 L of
distilled water.

Culturing and

Complete AML media

RPMI-1640, supplemented with -1

growing of glutamine, 10% FBS100 U/mL penicillin
human or| and 100 eg/ mL stre
mouse AML

and MOuUSE

M2-10B4 cells

Culturing and Complete hMSC mediif UME M  w/ o- amderibonycleosides
growing of supplemented with 10% hemtactivated
human or| FBS and 1% penicilli¥streptomycin
mouse AML

cells

Culturing and

Complete mMMSC

RPMI-1640, supplemented with -1

growing of | media glutamine, 10% FBS100 U/mL penicillin

mouse M2 and 100 eg/ mL stre

10B4 cells

Co-culture Co-culture of hMSG | RPMI-1640, supplemented wit

media TERT and humar GlutaMAX, 1,5% or 2% FBS withou
AML cells antibiotics

Agarose DNA

electrophoresis

TAE buffer (50x)

242 g Tris base;
57,1 mL glacial acetic acid;
100 mL 0,5 M EDTA pH=8.0;

Fill up with MilliQ water to 1L.Dilute to 1x

before using with water

Storage off TE-buffer 10 mM TrisHCL pH 7.5 and 1 mM EDTA
plamid DNA pH 8.0 in MilliQ water, autoclave
T cell media | Cultivation of mousg RPMI-1640 with GlutaMAX;

and human T cells

10% heatinactivated FBS (Gibco);
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10mM HEPES pH=7.4;

100 U/mL penicillin;

100 eg/ mL streptom
1 % sodium pyruvate;

50 uM 2-mercaptoethanol.

Versen’'s

solution

Detachment of thg
cells; washing ou
AML cells from the
monolayer of stroma
cells, and specific

procedures

PBS without calcium and magnesiy
supplemented with 0,48 mM EDTA pH=8

Triton X100
HCI

Denaturation of DNA

for BrdU assay

2M HCI with 0,1% Triton X100 in MilliQ

water

5.1.11 Cell culture plastic and consumables

Table 11. List of cell culture plastic and consumables

Consumable’s name

Catalogue

number

Manufacturer

96-(F- or V-bottom) tissue

culture treated

83.3924 0183.3926

Sarstedt, Germany

treated

48-well plates tissueculture

83.3923

Sarstedt, Germany

treated

24-well plates tissueculture

83.3922

Sarstedt, Germany
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12-well plates tissueculture

treated 83.3921 Sarstedt, Germany

6-well plates tissueculture 833920

treated ' Sarstedt, Germany

T25 and T75 flasks, tissue | 83.-3910.002

culture treated Sarstedt, Germany
83.3911.002
62.547.254

50mL, 15mL Falcon tubes Sarstedt, Germany
62.554.016

0.2, 0.5, 1.5, 2nl Eppendorf

tubes 72.706 Sarstedt, Germany
70-3050

10, 20, 200 and 10Q0L

L 70-3030 Sarstedt, Germany

normal and filter tips ’

70-3020

2, 5, 10, and 2l serologic
pipettes

5ml 86.1253.025

10ml 86.1254.025

25ml 86.1685.001

Sarstedt, Germany

PCRplate full skirt LP, white
with PCRfilms

72.1980.010

Sarstedt, Germany

TC-inserts 8um (migration)

83.39322.800

Sarstedt, Germany

NundMaxisorpplate, 96 well | 442404 ThermoFischer, USA
Cell scrapers CE60.1 Carl Roth, Germany
Cell strainer 7Qum 10199658

VWR, USA
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5.1.12 Machines and equipment
The devicesTable12) and the softwareT@ble13) used for this work were providdxy

the Center for Tumor Biology and ImmunologiPhilipps University of Marburg,

Marburg, Germany.

Table 12. List of machines and equipment

Name

Company

AccuBlock Digital Dry Bath

Labnet International Inc

Allegra X-15R Centrifuge

Beckman Coulter

BD FACSymphon§ A1 Cell Analyzer

BD BiosciencesUSA

CytoFlex LX Beckman Coulter, USA
Cytek Aurora Spectral Analyser Cytek, USA
Cytek Aurora Spectral Cell Sorter Cytek, USA

BD FACS Aria lll

BD Biosciences, USA

ChemiDoc MR Imaging System

Bio-Rad Laboratories, Inc

Electrophoresis Power Supplies

Thermo Fischer Scientific GmbH

Mini-PROTEAN Tetra Cell

BioRad, USA

MojoSortE Magnet

BioLegend

Mx3000P gPCR System

Agilent Technologies

CFX Duet gPCR System

BioRad, USA

NanoDrog= 2000/2000c

Thermo Fischer Scientific GmbH

T100 Thermal Cycler

Bio-Rad Laboratories, Inc

Histology microscop&eiss AxioScope Al

Carl Zeiss, Germany

Microscope Axiovert 200M

Carl Zeiss, Germany
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Microscope DM IL LED

Leica Microsystems, Germany

Microscope DM3000

Leica Microsystems, Germany

Luminometer Orion L

Berthold, Germany

Bioimager XVivo Extreme

Bruker, Germany

5.1.13 Software

Table 13. List of used programs and software

Name Company Using for

Image Lab 6.0 Bio-Rad Laboratories, Inc, US4 Western blot analysis

FlowJo V910 BD Biosciences, USA All flow cytometry data

Microsoft Office (Word,| Microsoft, USA Writing and  figures

Excel, PowerPoint) design

GraphPad Prism 9.0 | GraphPad Graph creation an
statistics

Biorender Biorender.com Visualisation

RStudio Version 2025.09.0 scRNAseq and bul
RNAseq analysis an
statistics

Zotero Version 8.0.1 Citation instrument

FACSDiva Version 6.1.3 Flow cytometry date
acquisition

CytExpert Version 2.6 Flow cytometry date
acquisition

Benchling Benchling, Inc. SgRNA CRISPR design

GPP portal https://portals.broadinstitute.orf ShRNA design

gpp/public/
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ImageJ/Fiji Version 1.54 Microscopy photg

analysis

Venn’s diagrams https://www.bioinformatics.org/ Common gene

. correlations
gvenn/index.htm

Geneious https://www.geneious.com/ Cloning of vectorsand

primer design

SnapGene https://www.snapgene.com/ | Cloning of vectors

ChatGPT v45.2 https://chatgpt.com/ Help with R code
generation analysis of
RNAseq and scRNAseq

Grammarly https://app.grammarly.com/ Help in polishing English

language

5.2 Methods

5.2.1 Cell culture

Human KGla, MOLM13, NB4 AMLs, mouse MROB4 MSCs and C1498 AML cell
lines were maintained in RPMI640 media, supplemented with 10% FBS (Anprotech;
Germany) and 100/ml penicillin and 10qug/ml streptomycin. Mouse RN2 AML cells
were cultivated in RPML640 GlutaMAX media supplemented with 10% tetracyeline
free FBS (Capricorn, Germany) without any antibiotics. Cells were cultured in T25 or
T75 flasks in 10 or 20 ml of culture media, respesti. Normally, cells were collected

in 15 or 50 ml tubg centriuigedat 300 g for 5 min at RT, and passaged at a 1:5, 1:8, or

1:10 ratio,usually 34 times per week.

Human MSCT ERT wer e cultured in UMEM media wi
deoxyribonucleotides, supplemented with 10% feattivated FBS (Anprotech;
Germany) 100U/ml penicillin and 100 pg/ml streptomycin.

HEK293T were cultured in DMEM (Gibco, USA) supplemented with 10% -heat
inactivated FBS (Gibco, USA)Y00U/ml penicillin and 100 pg/ml streptomycin.
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The adherent cell lines were grown in T25 or T75 flasks to tH#086 confluence, then
passaged. For thithe culture medium was completely aspiratet] cells were washed
once with 25 mL PBS. To detach cellsTrypsinrEDTA solution was added with
subsequent incubation for33minutes at 37°C. The reaction was stopped by adating
equal volume of theespective complete medium. Cell suspension was collected and
transferred into a 15 mL tube, and centrifuged at@fad 5 min atRT. The supernatant

was apirated and the cells were resuspended inrdspective fresh medium.

All cells were cultured not longer than 3 months (approximatel2@ passages) and
then discarded. Only early passaged cells (passadggsv@re cryopreserved in liquid
nitrogen. All cells were regularly checked using a light microscope. Mycoplasma
contanination was testetbr and excluded by direct PCR of conditioned media from all
cells, targeting 16S rRNA gene, wittassical MGSO and GPO1 primers.

5.2.2 Counting and freezing/thawing cells

For counting cells, culture media was aspirated, cells were washed witth RBS and
trypsinized with subsequent neutralization of trypsin by complete media and collected
by centrifugation asnentioned above. The supernatant was removed and the cells were
resuspended in-BO ml of fresh complete culture medium. Further, cells were diluted
with trypan blue solution (0,4%) in an appropriate ratio, and 10 uL were placed in a
Neubauer’s chamber. [Bawere counted in at least four quadrants, and the ceit gau

mL was calculatedThe formulafor the calculation is down, where Ntise number of
counted cells, Q ithenumber of counted quadrantstirechamber:

0 QQio6OEDE E | o o s
v pmmmO wQd

For the cryopreserving and loigrm storage of cells in liquid nitrogen, cells wiozen
according to standard protocol: the medium of a 90 % confluent T75 cell culture flask
with adherent cells was aspirated, washed with RBS8,treated with TrypsiEDTA.

The detached cells were collected in fresh medium and centrifuged @f@0B minat

RT. Suspension cells wecollected by centrifugatioat 300g for 5 minatRT. Then the
supernatant was aspirateahd the cell pellet was resuspended in freezimeglium
containing 90% hedhactivated FBS with 10% DMSO. The cell suspension was
aliquotedinto cryotubes per-2 min cells/vial. Ampules were transferred into a special
freezing container. This freezing container provides a special regime of freezing cells

and ensures certain speed of coolingl( °C/min) to prevent crystallization of the
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suspension of cells and damaipd he freezing container was stored&Q1°C for at least

8 hoursand then cryovials with cells wegelickly transferred into liquid nitrogen.

5.2.3 Human co-culture models of AML and MSCs

To determine the growitf AML in a p38dependent mannexe established a exulture
model of three human AML cell lines with human stromal cells. Human mesenchymal
stromal (hnMSCTERT) cells were seeded aomplete hMSGnediaata density of 5000
cells/well in 96well plates or at 20000 cells/well in 24ell plates intechnical triplicate

The next day, cells were washadth PBS containing calcium andnagnesiumand
pretreated with Ralimetinib or other inhibitors in 10Qor 500¢ Lof co-culture media

On the same day, AML cells were centrifugedL00g for 5 min at RTand seeded in a
Petri dish at a density of 1@ells/ml in 5 ml ceculture mediaPretreated MSCs and
AML cells were incubated overnight (Figuse

Day 0 Day 1 Day 2 Day 3
overnight incubation
P e P e N +/- inhibitors e
s A / N\ inco-culture media /. ,
I J _— L ) - ) Seeding AML on MSCs
LN = > v SS=—) +/- inhibitors
- S — P ///ff;f:r :\\
Seeding stromal MSCs MSCs (=S EEN)
cellsin in 10%FBS media in co-culture media N o: <y
complete MSC (2%FBS) \ =L 4
media e overnight incubation o I
/~e.ee ) incoculture media ",wf’ Y AN
(0 eo®® o > [0 egq0® o
N0 e %) \ ® o0 )
~—_ /// N - 4
AML AML
in 10%FBS media in co-culture media
(2%FBS)

Figure 8. Schematic representation of caculture experiment. Createdn Biorender

The next day, AML cells were again centrifuged at 100 g for 5 min RT, counted, and
seeded onto MSC cells in the plates at a density of 500 cells/well fewalBglate or
at a density of 2000 cells/well for a-2¢ll plate. Concentrations of FBS and inhibitors

are represented in the tables below (Tadlarid 5).

Table 14. Composition of media for ceculture.

_ Amount of non-inactivated FBS (Anprotech,
AML cell line _ _
Germany) in co-culture media

KGla 1,5%
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MOLM13 2%

NB4 2%

Table 15. Concentrations of inhibitors used for ceculture experiments

Inhibitor Concentration
Untreated control )
Ralimetinib 1 eM
Oleanolic acid 10 &M
Ursolic acid 2 ¢M

anti Cb127 (I L7RU)|0,5 &g/ ml

rhiL17D 50 ng/ml

AMU 200eM

Next day cellsvere washedavith PBS withcalcium and magnesiurandrespective co
culturemediazx inhibitorswere added agai®ML cellswere countednd seeddin the
platesatthedensity 500 cells/well fothe 96 well plate or at density 2000 cell/well in 24
well plate.Simultaneously, in empty wells appreciate amount of AML cells were seeded
for the controls without stromal cells * inhibitoPdates were incubatedID days in the

incubator.

A protocol for reseedinthe co-cultured cellswas developed. Briefly,fer co-culture
incubation timeAML cells were carefully resuspended by pipettiagd cell suspension

was transferred to a8 mL Eppendorf tube. 1AL of each cell suspension was counted
under the microscogder the analysis. Remaining stromal cells in the plate were washed
with Versen’s solution and subsequemtyypsinized AML cells, Versen’s solutigrand
trypsinizedMSCs were collected together in one tubee tubes were centrifuged at 300

g for 5 minatRT, supernatant was discarded and the pellet of the cells was resuspended
in fresh ceculture RPMI mediaand the suspensions were transferred in a bigger plate
(Figure?9).
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0 passage 1 passage 2 passage

Figure 9. Scheme of longterm human co-culture experiment. Created in Biorender

5.2.4 Mouseco-culture model

Similarly, mouse M2L0B4 cells were seeded tine 24-well plate in complete media at

the density 2-10cells/well, pret r eat ed on t he next day with
1640 with GlutaMAX, supplemented with % or 2% norheat inactivated FBS for

C1498 or RN2, respectively. On the next day cells were washed with PBS, the media
was changed to the respective one, afdC1@98 or 10RN2 cells were seedgerwell.

The plates were incubated for 7 délyggure 10)

Seeding AML on

mMSCs
Seeding stroma 24h +/- Ralimetinib
/,/'/ \\\ R I t b ” / _ _ \\“ _7
( 1‘ alimetinib ..o.::: S 5-7 days Cell
\ J O counting

Figure 10. Scheme of longterm mouse ceculture experiment. Created in Biorender.

5.2.5 Counting of the cells after caulture experiments

To understand how AML blasts proliferate, they were counted using two main methods:

either by employing a Neubauer chamber as described in part or by using a cytometer,
specifically the BD FACSymphony Al with a plate reader and Cytoflex LX. For

counting wth the cytometer, AML blasts were collected by centrifugation ag500 5

minutes at room temperature, washed in PBS, fixed with 2% formalin for 10 minutes,

and seeded i n 10 0 swell plates wihfaGtttom.urhefcgametersa 9 6

were set ugo mix (15 seconds for Cytoflex LX) or pipette up and down each sample

four times (for BD FACSymphony A1) and t hen
sample(Figure1l).
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Figure 11. Typical gating strategy for counting AML cells after coculture. Number of single cells was
used for further calculationExported from FlowJo.

5.2.6 RNA isolation andcDNA synthesis

The NucleoSpin RNA Plus kit (Macher®agel, USA) was used faRNA extraction

from cell samples. All lysing and extraction processes were done according to the
manufacturer6s instructions with only one
was changed from60&#54 0 ¢ | t o @lEgher édhcéntrationt Concentration

of isolated RNA was measured usirey spectral photometer (Nanodrop2000,
Thermdrisher) for subsequent cDNA synthesis. The Biorad iSEripDNA Synthesis

Kit (Bio-Rad) was used faDNA synthesis. The protocol and reactggtupwere done
according to the manuf ac totalRRAtédmplate ams40r uct i o |
mi nutes of incubation at 46 . After heat 1in
at 95 for 1 minute, the synthesi zzicad c¢cDNA
final concentration 010 ng/ul. All cDNA samples were labelled and stored?8tC for

future experiments.

5.2.7 Measure of DNA/RNA
The NanoDrop (ThermoFischer, USA) was used to determine concentrations of
DNA/ RNA. This machine was cal i Hreeavbterd wi t h k

5.2.8 Reattime quantitative polymerase chain reactigRT-gPCR)
Gene expression wasalysedusing the ABsolute SYBR Green Mix (Thermo Fisher
USA) or 2X Universal SYBR Green Fast gPCR Mix (@Bnal, Ching. Each gRTPCR

reaction was performed in96e | | pl ate format. Each well <co
reagent , Orevdrseprimerimxtur@@uMy 3.6 €l oednHPLCelwat
of c¢cDNA stock (10 ng/el) in the final vol u

carried out and detected through the Agilent Mx3000P gPCR System or CFX Duet Bio
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Rad qPCR System according with universal program: initial denaturation 95°C for 15

min; 40 cycles ofamp | i fi cati on: at 95AC for 15 s, 6
denaturation, annealirgnd elongation respectivelygpcordingmelting analysis: 95 C°

for 1 min, 60 C° for 30 s and 95 C° for 30 s. Fluorescence sigmaitsanalysed using

thedelta-delta Ctmethod (Z*®5.! Three technical replicates were included for each,gene

andhousekeeping gen®CTB(b-actin) was used as a normalization control.

5.2.9 Bulk RNA sequencing

A co-culture experiment between pairs of h(M8G1la, (MSCMOLM13, hMSGNB4

was conducted for 3 weeksith re-seeding stepsn the presence and absence of
ralimetinib intechnicaltriplicates.The effect of delay in AML growth in the presence of

ralimetinib was checkedhfter this, AML cells were washed out using Versen’s solution;

MSCs and AML cells were lysed separately in RA1 bufieRNA isolation Total RNA

was extracted using the Machefdggel NucleoSpin RNA Isolation Kit, according to

the manufacter 6 s pr ot ocol . The purity odsingg he tot
NanoDrop, then by capillary electrophoresis. RNAseq libraries were generated using
LexogenQuant Seq according to the manufacturer
lllumina NextSeq 55Qvith 75 bp singleendreads. The alignment of the obtained raw

RNA reads vas aligned to the human genome (GRCh38) usfitAR V.2.6.1dand

guantified as counts per million targetitige proteircoding and IncRNAcoding genes

as defined by Ensembl,28 revisidi®©0. Statistical comparisons were performed via

unpaired DESeg2. Functional annotation was performed with hypergeometric tests and

BenjaminiHochberg correction versus the Molecular Signatures Database.

Gene lists (top 50 dowrand top 50 upegulated) with associated log2 fold change
values were imported frorexcel tablesto RStudio using the openxisxpackage. The
heatmaps of one column log2FC matrices were generatedpiwéhtmapgpackage
clustering rows only (Euclidean distance; complete linkage) and using a symmetric, zero
centered diverging palette with limits set by'@rcentile of log2FC. Row dendrograms
were rotated witllendextengbackage to orient values (e.g., strongest negative at the top
of downregulated genes; strongest positive at the bottom foegylated genes).

5.2.10 Collection of conditioned mediand stroma treatment

Conditioned medidCM) were collected from AML cell lines according this protocol:
AML cells were collected bgentrifugatiorat 300g for 5 minatRT, washed in PBS and
seeded in 100mm Petri digh 10 ml co-culture mediaat density 0,3,5x1C cells/mi_.
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Dishes were incubated for 48 hours and then CM was collectegtgp Zentrifugation
at 300g for 5 minatRT to separate cells and then 1@0@r 5 min. CM verefrozenand
stored at20°C.

CM from human AML cell lines was collected separately from petri dishes after
incubatingAML cells for 3 days in caculture media. Human MSCs were seeddd in
24-well plate atthe density 2x16 cells/well, pretreated with ralimetinib in @wlture
medium and CM from three human AML cell lines was added as 1/3 of total volume in
the well. Plates were incubated for 10 days in the incubatorreplacingmedia every

4 days. At the end dhe experiment, cells were fixed in 10% neutral buffered formalin
for Oil Red O stainingr, when fixed with Kahles fixative, for Sirius Red staining. The
methodology of these two staining methods is described (&t2rl8 and 5.5.19,
respectively)

5.2.11 Transwell proliferation assay

Human mesenchymal stromal cells were seeded iweplatesat density 2x16
cells/wellinhMSC media,prfer eat ed on t he next duwtyre wi th 1c¢
media. On the next day cells were washed with PBS, the media was replacé@Owith

pl of co-culture media. Transwell inserts with 0,8um pores were placed to the wells.

AML cells were also washed by centrifugation and per 2000 cells/well were placed into

inserts in 200 pl c@ulture media. Thelates were incubated férdays(Figure 12)

Insert with Incubation for 7
membrane —* days and cell

0,8 0r8 um counting
pores K g
~ MSCs

Figure 12. Scheme of the transwell forproliferation (0,8 UM pores) or migration (8 UM pores) assay.
Createdn Biorender.

5.2.12 Transwell migration assay

Human mesenchymal stromal cells (WT or shRNA sublines) were seedeewiell24
plates at a density of 20,000 cells per well in hMSC media. The following day, cells were
washed with PBS, and 60Q jof co-culture media was added. Transwell inserts with 8
pm pores were then placed into the wells. AML cells, washed by centrifugation, were

63



added in 200 k of co-culture media at a density of 20000 cells per well into the inserts.
The plates were incubated for 48 hours and were analysed by counting migrated AML

cells(Figure 12)

5.2.13 SDSPAGE electrophoresis and Westebiotting

Common principleCells were lysed directly itix Laemmli buffer, supplemented with
fresh Protease inhibition cocktdiPIC) and PMSFE Lysates wereollected with cell
scraper or pipetting, intensivelyrtexedand he proteins werenmediatelydenatured

i n heat bl obSmminutestequal amounts@dmpld volumewere run on Q-

15% bis-Tris polyacrylamide gels, and, subsequently, transferred to methetited
PVDF membranes, which were blocked with B#nfat milk or 5%BSA in TBST
buffer. The membranes were incubated at
for the detection of the respective proteins: p38 (1:1000 in 5% m#s38p(1:1000 in

5% BSA), pHsp27 (1:1000 in 5% BSAp-Actin (1:10000 in 5% milk) Secondary
horseradish peroxidase (HR&)njugated antibodies were used at a dilution of 1:10,000
in 5% milk or BSA The membranes were developed ushgBioRad ChemiDoc MP
Systemmachine.

For analysis ofp38activation pathwaysn mesenchymastromal cells MSCswere
seeded at density 1x106ells/well in 6well plates in 2 ml/well complete RPMI media.
On the next day cells were washed with PBS and the media was replaced with 2 ml/well
of co-culture RPMI mediavith or without ralimetinib Simultaneously, AML cells were
alsotransferred into ceulture RPMI medium separately at densitgxaC® cells/nmi_.
All plates were incubated for 13 hours. After this, AML cells were centrifudje
counted and added to the wells with MSCshiaratio (1:3, MSC:AML). After 15 min,
30 min, 60 min, 90 min and 24 hours of incubation, the mediaguéaskly aspirated,
AML cells werequickly washed with 2 m of Versen’s solutionand MSCs were
immediatelylysed in 150uL of 1x Laemmlie buffer supplemented with PIC, PMSF,
NaVOs, NaP.O7 and NaF.Further procedures were done accordimghe common

principle of SDS PAGEas it is written above.

5.2.14 Cell cycle analysisgrdU assay

We established a method to determine changes in the cell cycle of AML. Briefly, h(MSCs
were seeded in 3&ell plates (100k cells per well) tlMEM+10% HIFFBS Anprotech
+pen'strep. The next day, cells were washed with PBS wéltium and magnesiuyrand

the medum was changed to RPMI1648upplemented wit2% FBS Anprotech100
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U/mL penicillin, and 100 pg/mlstrepgomycin, also in some wells with WT cells,
inhibitorswere addedThe next day, AML cells were seeded at a density of 100k cells
per well in fresh RPMI1640supplemented with 2% FBS Anprotech, 100 U/mL
penicillin, and 100 pg/ml streptomyciwjth theaddition of fresh inhibitorsPlates were
incubated for 3 days in the incubat@n the third day after starting the cocultuBedU
was added ateoncentration 010 uM, and thelates were incubated fofShours. After
this incubation AML cells werecarefully collected via pipetting aragntrifugedat 300

g for 5 min at RT, washed in FBand fixed with 70% ethanoDNA denaturation was
performed using the Triton X18A8CI method, followed by neutralization with 0.1 M
sodium borate buffer (pH=9.0Jhecellswere simultaneously treated wiBe Lof ant:
BrdU antibodiesfor 20 minutesin 50 pL of MACS buffer per 100000 cells.
Subsequently, the cells were treated with 1 pg/mL propidium iodidghedhree times
and measureldy FACS.

5.2.15 Doxorubicin and venetoclax sensitivity tesfisuman co-culture system

A method to determine the sensitivity of AML cells to doxorubicin and venetoclax was
established. Briefly, human mesenchymal stromal q#&lMSCsTERT or hMSCs
shRNAs)were seeded into 2&ell plates at the density @0 0, 000 <cel I-s per
MEM supplemented with 10% hemtactivated FBS (Anprotechl00 U/mLpenicillin,

and 100 pg/métreptomycin. The cells were allowed to grow until they reache80P@
confluency. The following day, the hMSCs were washed with PBS containing calcium
and magnesium, thehe medium was replaced with RPMI 1640pplemented with 2%
FBS (Anprotech) 100 U/mL penicillin, and 100 pg/mL streptomycilm respective
wells, inhibitors were added to the medium. On the samehdaganAML cells (KG1la,
MOLM13, NB4) were seeded in a separate Petri dish using the saumédture media

but without inhibitors.

The next day, the hMSCs were washed again with PBS containing Caitfithe media
were replaced with frestRPMI 1640, supplemented with 2% FBS (Anprotech), 100
U/mL penicillin, and 100 pg/mL streptomygiimcluding the inhibitors. AML cells were
counted ira Neubauer chamber and seeded onto the hMSCs layer at a deb@ay06D
cells per wellThecontrol AML cells were also cultured in the same medium containing
inhibitors but without stromal cells. Plates with-@dtures were incubated for 70 hours
to allow hMSCs and AML to interacOn the third day of ceulture, doxorubiciror
venetoclaxwas added to the well according to fim&l concentratior{Table 16). After

adding chemotherapeutic drugs, the plates were incubated fd81tours,and then
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AML cells were harvestedtained with Annexi¥V/-FITC and Zombie NIRind analysed
by FACS (see 5.2.17 for Annexin/Zombie staining protocol)

Table 16. Concentrations of doxorubicin and venetoclax for caulture experiments

Cell line Doxorubicin concentration | Venetoclax concentration
KGla 500 nM 5nM
MOLM13 250 nM 3 nM
NB4 250 nM 3 nM
C1498 750 nM 500 nM

5.2.16 Doxorubicin and venetoclax sensitivity teste@useco-culture system

Mouse stromal M2L0B4 cells were seeded into-hll plates at the density @00,000

cells per well inRPMI 1640, supplemented with 10% FBS (Anprotech), 100 U/mL
penicillin, and 100 pg/mL streptomycimhe cells were allowed to grow until they
reached 7080% confluency. The following day, the stromal cells were washed with PBS
containing calcium and magnesium, then the medium was replaced with RPMI 1640
supplemented with 26 noninactivated FBS100 U/mL penicillin, and 100 pg/mL
streptomycinin respective wells, inhibitors were added to the medium. On the same day,
mouse AML cells (C1498) were seeded separate Petri dish using the sara€ulture

medium, but without inhibitors.

The next day, the M20B4 were washed again with PBS containgaicium and
magnesiumand the mediaverereplaced with fresiRPMI 1640, supplemented with 1

% noninactivated FBS, 100 U/mL penicillin, and 100 pg/mL streptomytinluding

the inhibitors. C1498 cells were counted in Neubauer chamber and seeded onte the M2
10B4 layer at the density 100,000 cells per well. The control AML cells were also
cultured in the same medium containing inhibitors but without stromal ckdtesRvith
co-cultures werericubated for 70 hours to allow MSCs and AML to interact. On the third
day of ceculture, doxorubicin or venetoclax were added into well according final
concentration (Tablé6). After adding chemotherapeutic drugs, plates were incubated
for 16 hours, and then AML cells were harvested and stained with AnwekiiC and
Zombie NIR.
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5.2.17 Annexin V/Zombie staining

AnnexinV-FITC (#31490013pr Annexin\-APC (Immunotools, Germany, #31490016)

were usedo assess early and late apoptotic phases. Instead of propidium iodide, Zombie
NIR or Zombie Aqua were usdmkecause of its fixative properties. With a high volume

of samples, it was important to ensure there were no changes in the ratios of detected
apoptotic phases during measurement using the FACS Symphony Al.

Briefly, AML cells were carefully pipetted up and down, then collected in the respective

FACS tubes. For this protocol, the cells were kept on ice, and all centrifugations were
performed at 900g f or 5 minutes at 4 . The <coll e
centrifugation in 2 mL of PBS withalcium and magnesiunZombiedye (Biolegend,

USA) was diluted in PBS withalcium and magnesiuat 1:1000, and the sediments of

the cells were resuspended5@ sL of the diluted reagent, followed by incubation at

room tempeature for 5 min in the dark. Then, the cells were washed by centrifugation

with PBS withcalcium and magnesiuraypplemented with 1% FB&ndthe cell pellets

wer e r esus pendwittcalciom ahdmagnesiumf PBS

3 ¢l of -KATCroe-ARCwerd/added to each sample, and the samples were
incubated in the dark at room temperature for 15 minutes. After incubation, the cells were
washed twice by centrifugation using PBS watticium and magnesiumaypplemented

with 1% FBS, and then fixed in 4% formalin in PBS watdcium and magnesiurio
prevent formalin contamination in the FACS machine, the cells were washed again with
PBS containing Ca/Mg, supplemented with 1% FBS, by centrifugation and then
measuredy FACS

5.2.18 Oil Red Staining

The MSCs were seeded into thegdll plates. Aftethe treatmentfor 14 dayswith CM

from AML cells, 4% formalinsolution was added to fix cells for 15 micells were
washed with 60% isopropanaind 0.5%0il Red O Sigma, USA in 66% isopropanol

in waterwas added for 40 min incubation. The working fluid was discarded, and the
plates were washed wittvater many timesAn optical microscope was used for

observation and image collectidextraction was done using 100% isopropanol.

5.2.19 Sirius Red staining

The MSCs were seeded into thedll plates. After the treatments with CM from AML
cells in the presence or absenceabimetinibfor 14 daysgcells were fixedusingKahle
fixative (60 ml water with 28 ml 96% ethanol, 10 ml 37% formaldehyde and 2 ml 100%
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acetic acigl, washedwith PBS and stained with PicroSirius Red mix f80 minutes.
After this, cells were washed with PBS and water many times, and an optical microscope

was used for observation and image collection. Extraction was done using 0,5M NaOH.

5.2.20 Leukemia cell transplantation

To compare the stromaependenin vivo growth effects,C1498iRFP720Luc cells

(10 cells/mouse in 100 pL) were intravenously injected into-lstially irradiated

(3.5Gy) mice with differeniMapkl4background: p38WT or p38K&ged between 6 and
20weeks.The experiment was conducted whiloluminescent imagingontrolledevery

6th day. For thismice were injected intraperitoneally withdL. € g/ mouse | uci f e
100 ¢l PBS, i ncubated for 1 Oisofturare (3%)e s , and
Bioluminescent images were obtained usangn-Vivo Xtreme Brucker bioimager with

1-2% isoflumane maintenance.

Mice were euthanized upon reaching endpoints by cervical dislocation, immediately
followed by necropsy. Blood was collected by heart puncture in the presence of 10U of
heparin. Organs were rinsed with PBS and fixetuffered4% formalin for histology.
Femur and tibia bones were cut and also fixed in 4% formalin for histaoggolation

of bone marrow was performed.

5.2.21 Immunohistochemistry

Histological analysis omurine AML modelwas achieved by immunohistochemical
staining of formaliafixed paraffirembedded tissues.

Additionally, fixed femur bones in 4% formalin were decalcified in decalcification
buffer. Bones in cassettes were kept in this buffer for 7 days at RT, and the buffer was
changed to a fresh one every day. After this treatment, cassettes were washed in running
distilled water for 1 hour, then 5 times incubated in 1L of distilled water. THiebhmtes

were processed for sectioning as it is mentioned above. H&E staining and silver staining
(Gomori’s reticulum stainingyere performedh the Department of Padlogy UKGM.

Fixed livers, spleens and decalcified bones were dehydrated in 70%, 80% and 96%
ethanol, embedded in paraffin and sectioned with a thicknessuof r bones and 3

pm for livers and spleens using a microtome. Sections were floating@wvaaterbath,

it was put on a slide and then dried overnight. On the next day, slides were incubated in
two portions of Roticlear for 8 minutes at RT to remove paraffin, 5 min in isopropanal,
then slides were incubated in 96%, 80% and 70% ethanol per 3 min and2ddtilled

water to rehydrate them back.
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For hematoxylin and eosin (H&E) stainingections werémmersed in hematoxylin
solution for8 min, followed by rinsing under running tap water fo65nin until the

color of the tissue turned from brown to blue. Sections were then incubate@dan 6s
eosin solution (diluted 1:1 with distilled water before use and freshly supplemented with
acetic acid at a ratio of 1:10,000 [25 uL in 250 mL]), rinsed for 3 s in distilled water, and
briefly passed through graded ethanol solutionse8each in 70%, 80%,na 96%).
Subsequently, the slides were incubated for 5 minpnopanol. After staining, slides
were mounted with ROTI®Mount and cover slips before complete drying in order to
avoid formation of air pockets, and then allowed to dry for at least 3 h efoowal of

any residual mounting medium. Hematoxylin stains nuclei and other basophilic
structures blue, whereas eosin stains acidophilic components such as cytoplasm and
proteins pink.

For silver staining, sections were deparaffinized and rehydrated in distilled water. They
were then oxidized with 0.5% potassium permanganate for 1 minute, rinsed, and
differentiated with 2% potassium metabisulfite for another minute. After washing, the
sections were sensitized in 2% ammonium iron(lll) sulfate for 1 minute and rinsed again
in distilled water. Next, tissues were impregnated with freshly prepared ammoniacal
silver solution for 1 minute, then rinsed in distilled water. Silver reduction tcale ph

20% formalin for 3 minutes. The sections were rinsed again, treated with 2% potassium
metabisulfite for 1 minute, and fixed in 2% sodium thiosulfate for another minute.

Finally, they were dehydrated through graded alcohols, cleared in xylene, antecho

5.2.22 Isolation of mouse bone marrow

To differentiate mouse mesenchymal stromal @efpsotocol was applied.

After euthanasigthe mouse abdomen area and skin of hindlimbs were sterilized with
70% ethanol. The abdominal cavity was opened with sterile scissors. Holding the femur,
the surface muscles were cut with scissors and removed. Using tweezers, thipelvic
joint was found and it was cut with scissors. Subsequerlig, tibia was cut off with
scissors, and the femur was placed in the Petri dish. Using a scalpel, all muscles and
residual tissues were removed, and the bone was placed in a fresh Petri dish containing
MACS buffer. The epiphyses of bones were cut out asidgia 2627Gneedle and a 10

mL syringe filled withcold MACS bufferthe bone marrowvas flushed out directly onto

a 70 em nyl on a@nablnL Ralcan tubeBaeh bone Was dushdd with

35 mL of MACS buffer (until the bone become
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Residual bones were crushedairsterile mortgrandobtainedcell suspension was also
passed through 7 Ohglam cell strainerBone marrow cells and cells from crushed
boneswere collected by centrifugation at 3@g0for 5 min RT. The supernatant was
removed and sediment of the cells was resuspended in RBC lysis Bu$igension was
incubated 5 min at RT and then neutralized with complete RPMI mé&dlzes were
centrifuged at 30@ 5 min RT, cells wergesuspended in media for differentiation
(Mouse MeenCult). A 100mm Petri dish was opened, and scratched many timeswith
scalpel in different directions. The cell suspension was transferred to this Petarish
the residual crushed bones from thertar were added. Dishes were incubated at least 7
days in the incubator to form colonies of MSCs. After this, medium was aspicatisd,
werewashed with Versen’s solution twice and trypsinized for 5 minatesseeded in
fresh Petri dishet expand MSCs in Mouse MesenCult media more. Expanded cells

werefrozenin liquid nitrogen orcounted and used for further experiments.

5.2.23 Isolation of mouse T cellsind treatments
Mouse was terminated by cervical dislocation, fixed and spleen and lymph nodes were
harvested-

Axillary

Figure 13. Fixation of the mouse and location of cervical, brachial, axillary and inguinal lymph
nodes.Image copied from Wang et’al

Spl een was mechanically dissociated throug
rinsed with serurfree medium, and the obtained population of cells was centrifuged at

300 I g for 5 minutes. The same operations
were treated with RBC lysis buffer to remove red blood cells, incubatedSanButes

at room temperature, then stopped with MACS buffer and centrifuged again. Cells were
resuspended in MACS buffer and counted. The cell suspension was centrifuged again,
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resuspendefiMAES bufeip @ r O L1 O cells, an@n2.5 OL
mouse: CD4, B220, CD11c, CD11b, CD49b, TER119, labelled with Fabdgd per

10 cells. Cells were incubated at 4 AC for
100 OL per 10 c e |-FITC antitddies, conpled wittteptavidim of an |
was added, incubated for 15 minutes at 4 AC
in 1.5 mL per 10 c e | | efpiotib-labelledsnfagnetickeeads t o t u b
per 1 Overeacded €l ds. |l ncubated at 4 AcCSamplas 20 mi |

were transferred to a magnetic stand, waited for 20 minutes, then supemasant
carefulyc ol | ect ed for purity assessment via flo
CD8+ T cells(see 5.2.25)

5.2.24 Isolation of human T cellsand treatments

Peripheral blood mononuclear cells (PBMC) were obtained from isolated buffy coats of
healthy volunteers kindly provided by the Qenfor Transfusion Medicine and
Hemotherapy at the University Hospital Giel3en and Marburg (UKGM) by lymphocyte
separation medium (Capricorn Scientific). CD8+ T cells were isolated from PBMCs
using negative selection with the MojoSortHuman CD8+ T Cell Isolation Kit
(BioLegend). After counting PBMCs were incubated with bigmibody cocktail (10

el ffee |l 18 i n Wufied) or ice MAIGUtes Thereafter, streptavidin
coated nanobeads wer e &ckleaddincubated bnecefore | | s (
15 min. Afterwardsthe cells were washed and resuspendedACS buffer. The cells

were then placed in a magnetic retainer for 5 min.-B@8+ T cells were retained in

the magnetic field; the flowhrough fraction contained the CD8+ T cells with approx.
>85% purity. After purification CD8+ T cells were cultur@d T-cell media,activated
overnight (~18h) in a preoated Maxisorf6-well-plate (Thermo Fischer Scientific)

wi t h/mllofe ghuman CD3 ( ThRbdhumanCD2antibotly,ala ¢ g
density of 108 cells/well. After activationthe CD8+ T cellsverewasted in PBSand
seeded n 1L0Tec ed | me d iL af peeviodsly hidivested CM from various
conditions. The cells were incubated in this CM solution for 3 days. Afterythelsells

were collected, washednd stained for surface and intracellular markseg 5.2.25)

5.2.25 FACS staining

Cells, typically between 2xf@nd 16, were collected by centrifugation in 5 ml FACS
tubes, then washed withZLml PBS. Live/dead staining was performed using Zombie
Aqua or NIR in PBS at a 1:1000 dilution (50 ul per sample for 10 minatesationat
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room temperature). After staining, cells were washed with 2 ml MACS hurifey and
antibody cocktails were added at dilutions of 1:300 &9Q.:in MACS buffer for 20
minutes, using 50 ul per sample. Following incubation, cells were washed twice in

MACS buffer with 2 ml per sample and then asatyby cytometry.

Intracellular staining was achieved by restimulating the cells with 50 lugfMA, 1
pg/mL ionomycin, and Bng/mL brefeldin A for 4 hours &7°C in the platesThen, cells

were washed once with PBS and live/dead staining was performed using Zombie Aqua
or NIR in PBS at a 1:1000 dilution (50 ul per sample for 10 minutes incubation at room
temperature). After staining, cells were washed with 2 ml MACS buffer, amckepellet

of the cells was resuspended in $0®BS. Fixation was done with an equal volume of
2% formaldehyde in PBS for 10 minutes at RT. After fixation, cells were washed with 2
ml MACS buffer oncethen incubated in PBS, supplemented with 0,3% saponin and 1%
BSA or FBS,and antibody cocktails were added at dilutions of 1:300 in MACS buffer
for 40 minutes, using 50 pl per sample. Following incubation, cells were washed twice
in MACS buffer with 2 ml per sample and thanalysedy cytometry.

An alternative protocofor FACS staining was developed, using plates to economize on
reagents and handle large numbers of samples simultaneously. All centrifugations were
performed at 500 g for 2 minutes at°®&4 Harvested by centrifugatiprells were
transferred in PBS in the wells of 9&ll V-bottom plates, and thplates were
centrifuged. PBS was aspirated watipump, and cells were stained with Zombie dye in
PBS at al1:1000 dilution per 50 pL/well for 10 minutes in the dark. Then, using a
multichannel pipette, 200 pL of MCS buffer was added to each well, ahd plates

were centrifugedAdditionally, restimulated T cells for ICS staining were resuspended

in 50 pL PBS, fixed with 50 puL 4% formaldehyde for 10 minutes, centrifuged, and
subsequently washed in 0,3% saponin buff@ntibody cocktails or annexins were
prepared to a finalolume of 30 uL per sample. Supernatants in the wells were aspirated
with a pump, antibodies were added, and the wells were incubated for 30 or 60 minutes
for surface or ICS staining, respectiueAfter incubation, cells were washed three times
with 250 uL MACS buffer, resuspended in 100 pL MACS buffer, and measured by
FACS.

5.2.26 Killing T cell assay
To assess the cytotoxic activity of CTLs in a MSCs-g8Bendent manner against AML

cells, a killing assay was developed. It involved a triplewture of MSCs, AML cells,
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and activated CD8T cells in two scenarios: with AML preoculture of stromal cells

and without when AML and T cells were added simultaneously

Preparations of stromal, AML and T cells for both assays were sif@ilai:CD8+ T

cells or OT-I-tgVenus CD8+T cells were isolatedrom respective micédy negative
selectionand activated in plates with plateund 3pg/mL anttCD3 and soluble 1
pg/mL anttCD28 for two daysasdescribed in 5.2.2%8eparately, wildype and OVA
expressing C1498 AML cells were centrifuged at 800 rpm to remove dead cells and
countedFor fluorescentagging C14980VA cells werdabelledwith 1 uM CellTracker
Green when thg were used with CD8+ OTT cells, or Deep Red, when they were used
with CD8+ OTI-tgVenus T cellsin clear RPMi1640 for 15 minutes at 37°C.

Killing assay with precocultured stromal cells

Mouse M210B4 WT or p38KO cells were seeded fiat-bottom 96-well plates at a
density 0f4000 cells/well in 100 L complete RPMI640 media. The next day, the cells
were washed with PBS&nd the media was replacedith RPMI-1640, supplemented
with 1% FBS. CellTracker Greesr Deep Redabelled C1498)VA cells were seeded
at different densitiesand the plates were incubated for 3 daythe incubatoprior to
the addition of OT1 T cells. After this incubation, practivated Ol T cellswere added
to the respective wellm totally 200 pL of media per well at a density of* t@lls/well
to generate differenAML -to-T cell ratios (0.1:1; 0.25:1; 0.5:1; 0.75:1; 1:1; 1:2,
respectively) Plates were centrifugeat 300g for 1 min tanitiate cellcell contactthen
incubated at 37C for 1214 hours. Then, cells were collecteddantrifugation stained
with AnnexinV-APC and Zombie NIRfixed, and measured by FACGee section
5.2.17 protocol of FACS staining inY¥ottom plates(Figure 30)

Killing assay withoupre-coculturedstromal cells

Similarly, mouse M210B4 WT or p38KO cells were seeded in flabttom 96well
plates at a density of 4000 cells/well in 100 uL complete RP84I0 media. The next
day, the cells were washed with PBS, andrtislium was replaced with RPNMB40
supplemented with 1% FBSPlates were incubated overnight agakfter this
incubation, stromal cells were washed, CellTracker Green or DeefaBaltbd C1498
OVA and preactivated OF T cells were added to the respective wells in a total of 200
uL of media per welsimultaneouly at a density of 10T cells/well to generate different
AML -to-T cell ratios (0.1:1; 0.25:1; 0.5:1; 0.75:1; 1:1; 1:2, respectiveBlates were
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centrifuged at 300g for 1 min toitiate celtcell contact, then incubated at 37 °C for 12

14 hours. Then, cells were collected by centrifugation, stained with AnkleRiRC and
Zombie NIR, fixed, and measured by FACS (see section 5.2.17, protocol of FACS
staining in \fbottom platesjFigure 29)

5.2.27 Patient involvement

The bone marrow samples from healthy donors and AML patients were provided by Dr.

med. Christian Michel (UKGM) in accordance with the regulations of the ethics
committee of the University of MarburdNf. 107/21) The study was conducted in
accordance with the Declaration of Hel sink

|l nvol ving Human Participantso. Al Il patient s

The bone marrow was aspirated from the iliac crest using sodium citrate as an
anticoagulant. Then samples were passed througim7€ell strainer and centrifuged at
300 g for 5 min RT, pelleted all bone marrow cells. The supernatant was collected,
centrifugedat 1000 g for 5 min at RT, then at 10000 g for 5 miR&to clarify plasma,
aliquoted, and frozen a80 °C Pelleted bone marrow cells were resuspended with in
PBS, overlaid on Lymphocyte separation media, and centrifuge2Dforin at 500 g.
Enriched bone marrowerived mononuclear cells (BMMNCSs) on top of density gradient
media were collected with a pipette, washed twicédmiml of PBS at 30@ for 5 min

RT and the cell number was counted. Attee lastcentrifugation, cells were plated tn

ml Human Mesenchyma&fF Expansion Medium in T2%5ulture flasksat density 1
min/mL. The remaining cells wereryopreserved in liquid nitrogen heatinactivated

FBS containing 10% DMSO.

After 5-6 days of cultivationthe appearance of the first colonies of MSCs was observed.
The media with not attached cells was aspirated, attached cells in the flask were washed
twice with 5 ml PBS, and 5 ml of fresh Human MesenchyKfalExpansion Medium

was added. The flasks wereubated for amadditional 56 days. After this, the medium

was aspiratedandcells were lysed for total RNA extraction in RAL lysis buff€éhe

lysate was collected by scraping, and total RNA was isolated using the Marblagrely

kit for RNA isolation.

5.3 Statistics

Experiments were performed in three independent biological replicates or otherwise

indicated in the figure. Data are presented as mean = SEM values. GraphPad Prism 9
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software was used to generate the figured@uodlculate significance between replicates
or within a single experiment faechnical triplicatesAn unpairedStudent”4-test was
used to calculate the significand® compare more than two groups, a-wey analysis
of variance (ANOVA) was used with u n n enultipi@ somparisons testo compare
the nonanormally distributed gene expression in patients” material, the Ménimey

test was used.
ns= not significant p>05;*p O ;B p0 ® ;0* p0 10 0**0p0 10 0. 000 1.

The KaplanMeier method was used to estimate the cumulative survival rates of
experimental mice, and the lognk (MantelWhitney) test was performed to assess

significance.

Human KaplarMeier curvesfrom public datasets were generated using the R2:
Genomics Analysis and Visualisation Platform (http://r2.amc.nl).
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6 Results

6.1 Ralimetinib can block AML -dependent activation of p38)in MSCs

As described in the introduction pargs?), p38Jkinase is involved in various functions
of cellsby regulating multiple pathways and cellular processes. The role &f g8
been extensively studied in cancer délldut its role in stromal cells is less well
understoodSo, in this project, waypothesize thathe p38J pathwaycould serveasa
master regulator of cancassociated propertie;d MSCs to impact AML growth
relapseand chemosensitivity. Therefore, foeused on the regulation pf3 Saddivity

in MSCs inthebone marrow and its role in AML progression.

To address a mechanistic questiarhetherp 3 8pathwayis activated in MSCs in
response toontact withAML cells Western blot analysis was performed on human and
mouse MSCsvhich were exposed tdirect contact with AML cells for different time
points: 15 min, 30 min, 60 min, 90 min and 24 hrs (Figue Activation ofp 3 &dh

be evaluated by its phosphorylation at the positions Thri80 and P§f£82
Additionally, phosphorylation gb 3 &ldWnstream target HSP27 can be tested.

As described in the Introduction sections (2.7), ralimetinib has been tested in several
preclinical and clinical cancer trials, demonstrating a moderate yetormresponse.

Additionally, it is watersoluble and easy to use in animal experiments, fomici
effectively in thes @aM.olhabis shy werdaadedeto usep 3 8 U |

ralimetinib in our studies.

Western blots (Figure4) demonstrate thiotal phosphorylation oéll isoforms ofp38

and its downstream target, HsSgAMSCs in response to AML eculture Inthemouse
MSC cell line M210B4 (Figure 4A), there is a strong induction of p38 phosphorylation
at positions Thr180 and Tyrl88 response to mouse C1498 AML cells, as well as
phosphorylation of its downstream target Hsp27. The addition of a small molecular
inhibitor of p38Jkinase ralimetinib (Ral), can effectively block this process. In primary
human bone marrowerived MSCsimmortalized with hTERT a similar trend is
observed for phosphorylation bbth proteing38and HSP2{Figure ¥4B). Moreover,
treatment with 1uM ralimetinib also demonstrate a reduction ofp38 andHsp27
phosphorylation These data suggest thtae p 3 8phthway is activated in MSCs in
response to contact with AML cells in both the mouse and human systems
Pharmacological inhibitor gf 3 8r&limetinib,can block this activatin
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Figure 14. Mechanistical effects of ralimetinib on p38pathway activation.

Western blot analyses were performed for mdé@geand humar{B) MSCs in the presence or absence
1uM of ralimetinib at different time points after-culture with respective mouse (C1498) or human (KG

AML cells; 157,307,60, 90" means the number of minutes. Shown 1 representative blot, actin is |
loading control, n=1.

6.2 p 3 dnlstromal cells regulates stromaldependent AML growth

At the starting pointa ceculture methodvas established between MSCs and AML for
both human and murine modeis evaluate how p38inhibition affects AML stromal
dependent growthAnd first of all, it was important to detect the effect of ralimetinib on
the cell growth of AML and MSCs separatétlymonaoculture before we proceed with
co-culture experiments to exclude eslpe monoculture specific effeadf p38J
inhibition. For this purpose, ralimetinib was added\L cells - three human cell lines
KGla, MOLM13 and NB4(Figure BA) as well as to MSCs (Figure5B) at
concentrations 00,5 uM and 1uM and cells were grown for 5 dalRegarding AML
cells, asignificant reduction was observed ority the proliferation of KG1ain the
presence of 1uM of ralimetinithereduction wasbout25% whereas foMOLM13 and
NB4 cells the effect of ralimetinib has not been noted (Figbfg. HumanMSCsgrow
normally in the presence ddlimetinib (Fgure 15B).
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Figure 15. The impact of ralimetinib on proliferation of cellsin mono-culture conditions: human
AML (A) and human MSC|). N=1. Significance was calculated between technical triplicates u
unpairedt-t est ; *p < 0.05; **p < 0.01; ***p < 0.

Importantly, weutilized three distinct human AML cell lines to represent a broad
spectrum of AML, each with a unique driver mutation profile hypothesiz¢hat MSCs
impact the growth of AML independently of its driving mutations. After testinglitfeet
effect of thep 3 8nllibitor ralimetinib on MSCs and AML cells in monoculture, we
developed a caoulture experimental condition, as described in the Materials and
Methods sectiorand presented below.h& conditions of this coulture setup were

applied to all subsequent experiments, with only minor adjustments.

The main strategy to establish aadture experiment includgtireemost crucial points:
firstly, theexcess of stromal cells in the waliscomparison with number of AML cells
(initial ratio was around 1:10 1:15 AML:MSC cells)andthe start of ceculture was
possible, only when stromal cells were almost confluert9(® of confluency was
optimal). Additionally, the initial AML cell density was reduced to a minimal level
allowing AML proliferation on untreated or inhibitbreated stromal cells, thetyy
revealing the maximum divergence in proliferative capacity gravth dynamics.
Secondlythe serum concentration was minimized as much as possible to limit its effects
on tumor growth and to highlight the supportive role of M&Gduced factorsbut at

the same timedo not induce AML cell deatihirdly, co-cultures were observed under

a microscope at different time points to better understand AML growth and determine

the optimal time pointo stop the experiment.
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Additionally, wells with cecultures were rplated to larger ones, transferring both AML

and MSC cells at the same time, from 96 to 24 well plates and then from 24 to 6 well
plates, to improve the evaluation of tumor groilease see Figu®. Each replating

was namedfipassage Control cultures of AML with or without ralimetinib were
included in these experiments to demonstrate the supportive role of stromal cells and
their contribution to AML growth. Results of loAigrm coeculture experiments are

presentedn Figure B:
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Figure 16. The results of co-culture experiments between human MSC$hMSC-TERT) and human
AML cells (KG1la, MOLM13, NB4).

(A) Representative microphotograp{Zd0x) of the human coculture experiment with hMFERT and
KGla, MOLM13 or NB4 after passagg@ay 20) The reduction immount ofAML cells on the stromal

cell monolayers in the presencelpfM ralimetinibis clearly evidenand visible

(B) Cell counting results of respective KGla, MOLM13, and NB4 at passages number 1veitid
microscopelt’s clear that the AML cells individually cannot grow properly inctture conditions and
die after second passagimRplimetinib does not affect their growth in monocult@@e-culture with MSCs
boost growth of AML. Addition of ralimetinib to the wells with -culture inhibit growth of AML up to
50%.For each cell line experiment was repeated one Btaistical significance was calculated betwe
05; **p < 0.01;

technical triplicates usingnpaired-t e st ; *p < 0.
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The coculture experiments involving human MSCs and AML cells demonstrated that
MSCs significantly support the growth of AML cells in-calture conditions in
comparison to AML moneultures(Figure BA, B). Comparing grey and blue bars:
proliferation of AML cells was 11 times higher for KG1a, 8 times higher for MOLM13,
and 7 times higher for NB4 in erulture with stromal cell§Figure BB). Additionally,
conditions of this protocol were specifically set up so that AML blasts could not grow in
low serum caditions; it can be clearly sedimat atpassage 2o cells are counted for
nonstromal control in AML monoculture (Figure®). Pharmacological inhibition of

p 3 8using ralimetinib resulted ia 2-fold reduction of stromaependent AML cell
growth for all three AML cell lines(Figure BB). Reduced AML growth can also be
noted at microphotographs of cells captured at the last déhe@xperiment (Figure
16A). Thus,p 3 &idase signalling is crucidbr the stromalependent AML growth
Importantly, these findings underscore the potential for stroangéted therapies
independently of AML mutational status: there is a promising prospect that future
therapeutic strategies could selectively target stromal cells, thereby enabling the
treament of AML regardless of its mutational profile, gotially through combined

therapeutic approaches.

Although mosin vitro experimenthave been done withuman cells, we alsealidated
our hypothesis usingnouse cellgo expand our findings across different species and to
further recapitulatéhe human data im vivostudies withmousemodels of AML, which

can makeour findings more relevant to clinical applications.

So, forin vitro studieswe usedhe mousemesenchymadtromal cell line M210B4 and
two different AMLs: spontaneous C14@8d RN2 with MLL3AF9 fusion mutation.
Similarly, to human ceulture protocols, stromal cells MEDB4 were seeded 2v-well

plates, pretreated with ralimetinib aAd/L cells were seededt low density and co

cultures were grown for 7 days

Figure I7 shows the decrease in a number of counted AML cells-guttare with mouse
MSCs when ralimetinib is present. Microphotographs reveal a clear difference after 7
days of ceculture(Figure I7A). After 7 days cells were counted in Neubauer chamber
and quantified (Figure7B). In the presence of ralimetinib, median growth is reduced to
28% for C1498 cells and 38% for RN2 cells grown incatiure with M210B4

comparing to the control condition
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Figure 17. The results of g-culture betweenmouse M210B4 stromal cells and mouse AML cells:
C1498 or RN2.

(A) Representative microphotographs (200x) of the wells witbuttured cells.

(B) Normalized relative cell number of AML cells after-colture with M210B4 stromal cellsN=4.
Statistical significance: unpairéd est ; *p < 0.05; **p < 0.01;

For a thorough validation that the observed reduction in AML proliferation was
specifically caused by the inhibition pf3 8nl$tromal cells, genetic methods like gene
knockout or stsiRNA-mediated knockdown of the target gest®uld be performéd

To rule out any potential cthrget effect of the inhibitor ralimetinib, we decided to
perform, therefore, a genetic ablationpoB 8nlthe stromal cellsSince the ceculture
MSCsAML experiments are longerm,siRNA-mediatecknockdown op 3 8valld not

be an optimal option; therefor&;RISPRCas9mediated knockoutr shRNA-mediated
knockdown technologies were usedur study.

Thus, he mouse 3 &éhe(Mapkl14 was knocked out in M20B4 cells using the pU6
Cas9Cherry  vector with a cloned sgRNA  targeting Mapkl14
(TGGATGTGTTCACACCCGCA. Fifteen clones resistant to puromycin were selected,
and hree clonesut of them confirmed by Western blot analysis, knemkt of the

Mapk14 gene,were used in the further experimerfEBgure BA) to co-culture with
C1498 AML cells.

C1498 cells were seeded on NIQB4 wild-type cells (M210B4WT) andp 3 &ibck-

out cells (M210B4-KO-p38) at low density, and the erultures continued to grow for 7
days. After this time, AML cells were counted, and Figl8B shows the quantification

of the final cell number, confirming a reduction in AML growth on stromal cells with
knock-out of Mapk14
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Since the full knockout dflapk14in mice is not possible, due to the fetal death & 8 U
knockout pups, knockn mice were generated with a substitution Nfapkl14 of
activating site tyrosine 182 with phenylalarfhéespite exhibiting a significant defect

inp 3 &diivity, these knoclkn mice (hereafter referred to as p38KI) had viable embryos,
allowing for the exploration of p38 MAPK's systemic role in cancer. Wild tgy8W/T)

and p38KI mice were sacrificed and bone marrow from femurs and tibias was isolated to
obtain mesenchymal stromal cells. Isolated cells were differentiated in Petri dishes in
MesenCult media for 10 days and were cryopreserved. An equal number ofWBCs
and MSCs38KI were seeded in plates to furtherardture with C1498 AML cells.

After 7 days, leukemic cells were counted and a significant reduction in AML growth on

MSCsp38KI was observed (Figur8T).
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Figure 18. Genetic modification of mouse MSCs leads to reduced proliferation of AML.

(A) Western blot results dhe CRISPRCas9 experiment with M20B4.Loadi ng ¢ ¢
actin. Successfully knockedut dones3, 7, and Qvereselected, cryopreserved, and used
further experiments (n = 1)

(B) Stromaldependent growth of C1498T cells on generated clones of MPB4KO-p38.
Knockout of p38 in stromal cell s (N=)ads t

(C) Stromaldependent growth of C1498T cells on isolated primary mouse MSCs. Knaelof
p38 leads to 425% r(e=duction of AML gr o

Statistical significance was calculated between technical triplicates (Bhgneway ANOVA,

(C)unpairett-t est ; *p < 0.05; **p < 0.01;

* * %
p
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These experimers demonstrated thafenetic disruption of the 3 &éhe in both mouse
primary-derived and stromal cell linessulted ina significant decrease in AML growth
comparedo wild-typeMSCs Importantly, stromgb38 KO M2-10B4 cells restrictethe
proliferation of C1498 leukemic cells more significantly th#88KI primary MSCs.

This difference may bexplainedby the fact that primary WT cells tend to become
senescent faster; p38 regulates this process, and in p38KI cells, the mutant p38 can still
maintainresidual activity due to an intact activation site threoniné3. 8onversely, in

p38KO cells, p38 protein is not produaeghresenting full knockouwf p38 gene

The effect of restricted proliferation of AML cells in a contact with MSCs depends on
two factors: direct celto-cell contact and mediated by soluble factors produced by
stromal cells.To evaluate the contribution of secreted molecplesiuced by MSCs,
experiments using conditioned me{M) collected from stromal cells were performed.
Numerous attempts were done: MSCs were differently treatedénltoge media with

or without ralimetinib for different periods of timéMs werecollected on different time
points, different numbers of AML blasts were seeded in tldds etc. Unfortunately,

all these experiments failebecause AML cells are completely dyjmghich seems to
bedue to the physical absenaceMSCs.

Using Boyden’s chambers with 0,8um potée effect of CM fromhumanAML cells
was evaluateddumanMSCs were seeded in 2¢dell platestreated with ralimetiniland
KG1la, MOLM13 and NBAML cells were seedeth co-culture mediunat low density

in Boyden’s chambers on top of stromal ceifer 7 days of incubatignAML cells
were counted in Boyden’s chamadfigure 19 shows the reduction in MS@ependent
growth of human AML cells. AMlcell growth was decreased by 36% for KG1a, by 37%
for MOLM13, and by14% for NB4 cells
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Figure 19. Ralimetinib inhibit AML growth in CM derived from MSCs in Boyden's chambers.
Median AML growth: KGla 64%, MOLM13i 63%, NB4i1 86%. N=1.Statistical significance

was calculated between technical triplicates usumpairedtt e st ; *Pp < 0
***p < 0.001; ****p < 0.0001

Theseexperiments demonstrated that direct-teitell interactions between AML cells

and MSCs are critical for regulating leukemic growthvitro. In direct ceculture,
proliferation of AML cells was reduced by approximately up to 5(Fgure 16),
whereas exposure to conditioned media alone resulted in ond¢3&%. reduction
(Figure B). These findings indicate that soluble factors secreted by MSCs contribute
substantially toAML growth, but physical contact further amplifies the growth
supportive influence of stromal cells. And vice versa, physical contact amplifies the
growthsuppressive influence of stromal cells ithe presence ofp 3 8itthibitor

ralimetinib.

6.3 Micewith inactivated p38Uhavea longer survival rate in the AML model

To complement aliin vitro data and observations and to demonstrate the clinical
relevance of findinger open a future perspective for translational aspects of the project
AML growth dynamics was investigateth vivo. Monitoring leukemia progression in a
murine model is essential, it allofes an assessment of overall survival, which is a direct
correlate of clinical outcome. This experiment was designed to determine the importance
p 3 8nltroma tdmpact on AML development and growth, providinfprmation about

life expectancy.
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To establish the model of AML growth;2D week old mal€57BL/6 mice with different
Mapkl4background (p38WT or p38KWvere sublethally irradiated (3,5 Gyand the
next day 1x10of Firefly luciferaselabelled C1498 AML murine cells (C149RFP720
FLuc) wereintravenously transplanted in 1QQ PBS per mousérigure 20A)

Mutant mice with p38KI demonstrate a higher survival rate in this C1498 leukemia
mouse model. This experiment highlights the crucial role of p38 incanoerous
stromal cells during AML progression. Inactivation of apkl4gene through point
mutation in the TME results in increased survival of these mutant mice bearing AML,
with a median of 26 days for p38WT versus 35 days for p38KI mice (+25% in life
expectancy) (Figur20B).

C1498-iRFP720-FLuc;
10*/mouse

Survivability,
days

Day0 Day 1

B 100
— - WT (n=8)
g :|=|c=|=
3 80 =— KI (n=5)
5 p=0,0023
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o
P
= 404
o]
(1]
e 20-
o
u I I I 1 1
0 10 20 30 40 50
Days

Figure 20. Kaplan- Meier overall survival curve of mice groups with different statuses oMapk14,
bearing C1498iRFP720-Luc.

A. Scheme of animal experimeBt. Survivability of animal groups. Black line: Mapk14WT mice (n=¢
blue line: Mapk14KI mice (n=5). Data is shown as a merger of two experiments, performed in di
time. Statistical significance: legaink MattelC o x test, *p < 0. 0.60%;
****p < 0.0001.
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Indeed, an observed increase in life expectancy effect is evident in genetically modified
p38KI mice compared tp38VT mice within the leukemic model. Unfortunately, the
specific knockout or knock of the gene in MSCs presents significant challenges due
to the considerable heterogeneity of MSCs in the bone marrow; consequently, it must be
acknowledged that in theseanjp 3 8sUnactivated across all cell typaacluding all

immune cells.

To assess changes in the bone marrow, the animal experiment was repeated with new
groups of p38WT/KI mice und¢he same conditions, akown inFigure 2@\. All mice

were simultaneously terminated on the 18th ;dBgmurs were collected, fixed,
decalcified, embedded in paraffin, and sectioned. Obtained secfieash mouse BM

were respectivelysubjected to hematoxyheosin to get a common overview of BM

organisationor to Gomori’s silver staining to detect fibrotic changeBM (Figure 21)
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Figure 21. Bone marrow histopathology analysis of mice groups with differeritlapk14 statuses,
bearing C1498iRFP720-Luc AML. Mice with numbers 1, 2, 3 are related to the p38WT gro
whereas mice with numbers 4,5,6 are related to the p38KI group.

A. Hematoxylireosin stainingB. Gomori’s silver staining.

Two types of BM staining from AMibearing mice revealed varying levels of leukemic
infiltration and fibrosis. Mouse 1 had the most severe phenotype, characterized by
completedestruction othe BM architecture and extensiweverereticulin deposition.
Mouse 2 also showed advanced infiltration with notable fibrosmsidd 3demonstrated
intermediate features, with dense cellularity amidd-to-moderatereticulin staining.

Mice 4-5 exhibited moderate leukemic infiltration but minimal reticulin deposition,
suwggesting a low level of fibrosi§he BM of mouse 6 shows the lowest blast infiltration
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and the weakest fibrotic chang@szerall, bone marroywathologyin the context of AML

appears more severe in mice with p38WT status than in mice with p38KI.

6.4 AML -driven differentiation of MSCs: fibrosis, adipogenesis and

inflammation

The next step was to identify the mechanisms underlying what occurs in MSCs during
AML progression. First of all, as mentionedrlier in the Introductiopart MSCs can

be differentiated into two main lineagesteoblasts and adipocyt&everal publications
described MSC differentiation adirected towards adipogenesis. MoreovAML

patients with bone marrow fibrosisveclearly worse prognosis for survival

Oil Red O and Sirius Red staining were implemented in this study to evaluate the
differentiation potential and extracellular matrémodellingcapacity of MSCs. Oil Red

O specifically stains intracellular lipid droplets and was usedviduateadipogenic
differentiatior/®, thereby assessing the lineage plasticity of MSCs under different
experimental conditions. Sirius Red binds to collaijf@resand was applied to quantify
collagen deposition, reflecting the extent of extracellular matrix productiofitantic
remoddiing by MSCs$2°* Together, these assays provided complementary insights into
the differentiation state and matnggulating activity of MSCs.

Initially, multiple attempts were made to stain MSCs after direct coculture with Oil Red
O to detectadipogenesis and Sirius Red to detect fibrotic phenotymvever,
measurements were nobtained because these two protocatelude many washing
steps with different bufferandthis always resulted in detachment and full loss of MSC

monolayers. That is why a switch tangconditioned medium, collected from AML

As a result, it was found thaalimetinib itself does notinduce fibrosis(Figure 22A,
control imagesand does not shifhedifferentiation of MSCdo adipocytesvithout the
presence offM from AML cells (Figure 22C, control images)On the other hand,
treatment with CM from AML cellssignificantly increasedntensity of Sirius Red
staining indicating a rise in collagen production and fibrotic renhlote of the MSC
compartmenfFigure22A with quantification presented in Figu22B). Simultaneously,
Oil Red O staining showedsagnificant increase ithe production oflipid dropletsin
MSCs treated with CM from AML cellsdemonstratinga shift toward adipogenic
differentiation of MSCs (Figure 22C with quantification in Figur&2D). Meanwhile,

inhibition of p 3 &Yralimetinib in ceculture conditions can efficiently restore MSCs,
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reprogram them and downregulate either adipogesiovell asfibrotic phenotype
(Figure22A-D).
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Figure 22. p38Jcontrols adipogenesis and fibrosis imuman mesenchymal stromal cells.

Representative microphotographs (200x) of MSCs, stained with Sirius®Redd its quantificatiorg).
Representative microphotographs (200x) of MSCs, stained witiR8d O(C) and its quantificatioriy).
Statistical significance was calculated between technical triplicate® &d D using unpairedt-test;
*p < 0.05; **p < 0.01; ***p < 0.001; =***=*p

The microphotographs provide qualitative confirmation of the observed phenotypic
changes in MSCs. To complement this data, Oil Red Odisz®lved inisopropanol,
whereas Sirius Red wadsssolved im),5M NaOH. Resulted solutions were transferred to
96-well plates and OD was measured at 530 and 510 nm for Sirius Red and Oil Red O,
respectively. @Qantification revealedwo timesincrease in both collagen deposition
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(Figure22B) and fat celldifferentiation in MSCgFigure22D), which were cecultured
with AML cells, compared to MSCs grown alone. Notably, treatment with ralimetinib
eliminated these effects: Sirius Radd Oil Red Ostaining intensity decreaséd the
normal values (Figur22B, D). These results show that AML triggers both fibrosis and
adipogenesisn MSCs,which might be associated withe canceassociated phenotype
of MSCs, and that blockingp 3 8sidnalling can effectively prevent these changes,
preserving thenormalstate of the stromakells

Similar observations werebtained using mouse MBOB4 cells with pharmacological
inhibition of p38U by r MbapkldgeneiMa-i0B4cells wi t h |
treated with CM from C1498 show a significant increase in lipid droplet production,
demonstrating a shift towards adipogenic differentiation of MSCs. Meanwhile, inhibition

of p 3 Syralimetinib in ceculture conditions can efficiently restore MSCs, reprogram

them and downregulate adipogenic phenotype (Fig8xe

A M2-10B4 B

WT +Ral p38KO

Figure23.p 38U controls adipogenesis in mouse me

Oil Red staining of M2-10B4 cells

0.8+
= ctrl

ctrl + Ral
=1 ctrl KOp38

ctrl
= +Ral +C1498 CM

I KOp38

ctrl

0D, 510 nm

+CM C1498

Representative microphotographs (200x) of MSCs, staineddilifRed O(A) and its quantificatioB).
Statistical significance was calculated between technical triplicates aséngay ANOVA,; *po«<
**p < 0.01; ***p < 0.001; ****p < 0.0001

To completethe histological observatiorsipplemented with an extended analysis of
inflammatory pathways in MSCs due to a wreported role op 3 8nUnflammatior§?,

we performed an extensive FAICRbased characterization of MS&fer coculture with
AML cell line in the presence or absence of ralimetimobroad panel oinflammatory,
lineage and functiorassociated markers waanalysed covering markers of
inflammatory mediatorsli(1A, IL1B, IL6, IL8, CXCLL, CXCL20, COXg extracellular
matrix remodding and fibrosis RDPN, HAS2, COL1A1, COL3A1, COL4A1, FN1,
ACTA2, LOXL?, adipogenesisADIPOQ, FPARG, FABP4CEBPA, CEBPG, FA9N
osteogenesisRUNX2, MSX2, ALP, OCN, RANKL, CD10his comprehensive profiling
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allowed us to evaluate not only differentiation tendencies, but also inflammatory

activation and matrix regulation in the stromal compartment

For this purpose, human MSCafter longterm 2%day coeculture experiment with
human KG1la, MOLM13, and NB4 AMlwere lysed and total RNA was extracted for
RT-gPCRanalysis

MSCs displayed highly consistent gene expression patterns in response to contact with
three different AML cell linesKGla (Figure24A), MOLM13 (Figure 24B), NB4

(Figure 24C). Notably, all inflammation markers were strongly-regulated in MSCs

when interacting with each AML cell line, suggesting that AML cells alter MSCs to a
pro-inflammatory, canceassociated state (FigudA, B, C). Additionally, markersof
adipogenesis were significantly upregulated, mainly adipone&fiiROQ) and fatty

acid synthas¢FASN, matching the accumulation of lipid droplets seen in Oil Red O
staining (Figure22C, D). Likewise, genes associated with fibrosis and the extracellular
matrix were induced in MSCs in response to contact with AML ,aaliénly podoplanin
(PDPN) and hyaluronan syntha®e (HAS2), supporting the increased collagen
deposition shown by Sirius Red stainiiiggure22A,B). Analysis of osteogenic lineage
markers revealed that the main regulator of osteogen®difNX2 remained
transcriptionally silent in MSCs under all conditions test{€ijure 24A, B, C).
Meanwhile, the expression of downstreameogenic genes had a mixed pattern, with
some genes upregulated and others downregulated, without a clear direction. This lack
of coordinated osteogenic gene regulation suggests that the osteogenic program isn't
properly activated. One possible reason fos is that we used TERimmortalized

MSCs, which may alter lineage commitment pathways and disrupt the accuracy of

osteogenic differentiation due tioeir overexpression ¢élomerase.

Notably, blockingp 3 8with ralimetinib altered the transcription profile of cancer
associated phenotype of MSCs by dramatically suppressing inflammatory genes and
significanty downregulating the increased expression of both adipogenasdi§ibrosis

related genes (FigugdA, B, C).
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adipogenic and osteogenic pathways in human MSCs.

Heatmaps were generated using folchnge values of gene expression normalized to actin expres
Analysis of statistical significance with unpairetest arepresented inugpplement figures 1KG1a), 2
(MOLM13), 3(NB4)).

(A) Co-culture of MSCs with KG1a;
(B) Co-culture of MSCs with MOLM13;
(C) Co-culture of MSCs with NB4.

Thus,RT-gPCR data, combined with the histological findings, suggest that AML blasts
trigger multiple processes that reprogram MSCs to become fibrotic, adipogenic, and
inflammatory thereby reprogramming MSCs towardsancerassociated phenotype
These processes, as well as cassociated phenotypare controlled by 3 Srtdican

be abrogated by usintg inhibitor ralimetinib.
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6.5 Modification of the stroma changes inthe immunological response of AML

cells

AML blasts within BM blunt T- and NK-cell effector function by overexpressing
inhibitory checkpoint ligands, such as fI/2, galectins, and TIMB. Simultaneously,
they exhibit HLA loss, reducing TCR recognition by CTLs. MSCs also contribute to
immune escape in AML by secrggimhibitory soluble factors that suppress lymphocyte
activity and proliferation. MSCs can also attract Tregs, furtwwnregulating ari
tumor responsé. To further investigate the immunological properties of AML cells
following communication with MSCs, R'GPCR was employed to profile the expression
of MHCI, MHCII, and cestimulatory molecules CD80/86elping for immunological
recognition of AML cells This analysis aimed to understand how MSCs influence or
modulate AML's visibility to immune effector cells. Elevated levels of these molecules
may enhance the recognition and elimination of leukemic blasts from homing organs,
particularly the bone marrgwby CTLs or engineered CAR cells. Additionally, this

could potentially reduce Tetl exhaustion.

Figure 5 illustrates contrastingresults in AML cells with different mutation
frameworks: KGla and MOLM13. When -coltured with MSCs and treated with
ralimetinib, KG1la shows downregulation of genes associated with the MHCI complex
and CD80, with a tendency for MHCII complex and CD86 genes to also decrease.
Conversely, MOLM13cells exposed to similar treatmemthibit an opposite response:
there is a significant upregulation of genes linked to the MHCI complex and CD86

expressiowhenp 3 8slhhibited

These results suggest that the T cell immune response may not yield equal outcomes
against AML cells with different mutational burdens residing in the mesenchymal bone
marrow nicheWe cannot exclude that the contribution of MSCs to the immunological
escape of leukemic cells from recognition by the adaptive immune system may depend
on the mutational burden of AML. Moreover, the effeqy 8 ®nthe crossalk between

MSCs and AML cells may also vary depending on the underlying driver mutations.
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Genome profiling of KG1a after co-culture with human MSCs

ns

-

o
1
3
w

*xE *% ¥ ns ns *

=
e
A+
Y
B+
B

)
o
c
o
=
(]
=
)
c
o
®
2 . s B KGla+ hMSC
] C B KG1a + hMSC + Ralimetinib
< 0.54 . .
=
i’
E
o
2
T
= 0.0 T T T T T T T T
x© HLA-A HLA-B HLA-C HLA-DRA HLA-DRB1 HLA-DPA1  CDS80 cD86

MHC Class | MHC Class I Co-stimulatory

molecules

Genome profiling of MOLM13 after co-culture with human MSCs

*¥*%

B
1200-
c
E pe
o 800
2
‘E 400 - *% 1 **%
(=]
§ B e e . ﬁ B MOLM13 + hMSC
s [ R B MOLM13 + hMSC + Ralimetinib
s
% 4= *x% *EEE *EEE e
Z i gl g
= -
2 7 M
: w0 mll -
& | | ] | | | 1 ]

HLA-A HLA-B HLA-C  HLA-DRA HLA-DRB1 HLA-DPA1  CDS0 cDs6

MHC Class | MHC Class I Co-stimulatory
molecules

Figure 25. Expression of MHC molecules and their cgtimulators in AML cells after co-culture
with MSC. N=1. Statistical significance was calculated between technical triplicates: unpsisd
*p < 0.05; **p < 0.01; ***p < 0.001; =****p

The PBL1/PDL1 interaction is a crucial axis in cancer cell and CTL interactions, directly
suppressing CTL activity. In many cancers,-PDis overexpressed on tumor cell
surfaces, enabling immune evasion through cytotoxic eséépmund that C1498 cells
can increase PID1 expression when ecultured with mouse MA20B4 stromal cells
(Figure B A, B), indicating that stromal cells assist AML blasts in avoiding CTL attack
and help to establish a protective niche. Furthernmaliepetinib could downregulate
PD-L1 in C1498 mouse AML cellsfter co-culture with MSCs (Figure 23A, B).
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However,this effect does not dependent on activation of p38 in stromallssdEsuse
culturing AML cells with M210B4 cells deficient fop 3 &lith not reduce PR.1 neither

in percentage of cells nor measured by NFtjure26B). Thissuggest thatexpression

of PD-L1 might be regulated bp 3 8didectly in AML cells or requires cumulative
effects from both sides: MSCs and AML a3 $aihway. Collectively, modulation of

p 3 $dihways in stromahML interaction might potentiate CTL response, so we were

interested to investigate interplay between AML, MSCs and CD8+ T cells.
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Figure 26. Regulation of PDL1 expression in mouse C1498 AML cells.

A. C1498 upregulates the expression of-PD when cecultured with stromal cellsB. Ralimetinib
downregulates expression of RI2 in AML cells, and it does not dependent on block of p38 in stro
cells. N=1.

6.6 Inhibition of p38 blocks activation of human T cells

Recently, MSCs have gained attention due to reports of their immunomodulatory
properties. The crosstalk between MSCs, AML, and immuneiogie TME of AML
in the BM remains unclearOur data(Figure 5 and 2§ suggest MSCs affect AML
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i mmunogenicity and regulation via the p380U
anticancer cells, which can directly recognize apdcificallykill tumor cells. It was

hypothesized that reprogramming MSIBsAML blasts or by targetmp 3 athway

might modulate CD8+ T cell activit§,

To explore MSCs' impact on CD8+ T celisyerakxperiments were conducted. A three
cell-typeshumanco-culture (MSCs + AML + CTLs) would be ideal but not feasible due
to different cell line origins and antigdiHC compatibility. Notably, such an
experiment was conducted, but activated CTLs killed stromalaseigll asAML cells

at later time pointswWhile cell contact is crucial for MSC reprogramming, CD8+ T cells
were activated in platespatedwith antrCD3/CD28.1 antibodies fat2-18 hoursand

then transferredo a fresh plate in media containing conditioned media from various
culturesof human MSCs, MOLM13 AML, and their exultures control RPMI media,

and cel§ with or without ralimetinib: monocultures of MSCs and AML, andcodture

of MSC and AML. After 3 days incubation in CM, T cells were harvested and stained
for activity markers (CD25 and CD69) and si
and CD1074Figure 7).

Unfortunately, the resultsvere unexpectedIn our assays,atimetinib significantly

reducel T cell activation, with both the percentage of CD25+ cells and the percentage of
doubleposi t i v e-prddichd dells Nexreasad the presence of ihdrug. Our

findings contradict previous reseafGhwhich showed thap 3 &idase is crucial for

CTL activation.In this paper,nhibitingp 3 8nUCTLs actually led to increased T cell
activation-abouta3 ol d 1 ncr e as e,andmambré&ndive state, evilencetd i o n
by a 4fold increase in CD62L expressioDur results are opposite to those reported in
thatpaper suggesting a more complex rolepoB $aihway in functions of cytotoxic T

cells.
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Figure 27. I nhibition of p38U by ralimetini
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6.7 Mouse T cells a crosstalk between MSCs, AML and CTLs

To further supplement human T cell data, similar experiments were done using isolated
mouse CD8+ T cells from spleens and lymph nodes. They were activated with plate
bound antiCD3/CD28 antibodies and cultured in CM, collected from M210B4/C1498
co-culturesin the presence or absence ralimetigiiigure BA). In all cases, CM from
AML cells or from stromal cells demonstrates downregulation of main marker of
activation CD25 in the presence of ralimetirttmwever, ceculture of these cells with
ralimetinib results ina slight upregulation of CD25 expressigiigure B8 B, D, last two
columns) Moreover, itcorrelates well with a slight downregulation of the naive T cell
marker CD62L and amipregulation ofeffector markerCD44. That means thdhe
presence of ralimetinibpecificallyin the coculture of AML and stromal cellut not

in monoculturespushes T cells from a more naive CD2%€D62L+"9"CD44+°" state

into a bit stronger cytotoxic effector phenotypeen), which is characterized as
CD25+"9"CD62L+OVC D44+ (Figure28D,E).
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Figure 28. Inhibition of p38U by ralimetini
CD8+ T cells.

A. Scheme of experimental work of isolation mouse CD8+ T cells from spleens and lymphaudtdes
them and analyzind® andC. Examples of FACS plots for early (CD69) and late (CD25) activation
cell s and | FNo DandE.TANalysispimarkiers expressioiN=2. One representativi
graph. Statistical significance was calculated between technical triplicates: unp@ised tp <
**p < 0.01; ***p < 0.001; ****p < 0.0001.

All detected changes in differentiation and activation of human or mouse T cells are very
subtle the differences arminor andnot easy to detect. This can be explained by the
concentration of FBS in the-dell media. Unfortunately, T cells are not resistant to low
serum conditions, CTLs are dying in 2% FBS media, thus, | had to perform experiments
in 7,5% FBS media (100l of 10% FBS TFcell media + 5QuL of 2% FBS CM). For
future experiments and evaluation of T cell activity, FBS concentration should be titrated
even lower (between 2% and 7,5% of FBSrhaps, improved experimental conditions

or usingin vivo material will provide more reliable and significant data to answer this

scientific question.

6.8 Cytotoxic activity of mouse CTLs: impact of MSCs

Foll owing initial phenotypic characterizat.i
flow cytometry of activation and differentiation markers, such as CD25, CD69, IFN

TNF, functional cytotoxicity assays were established to see if this immunophenotype
corresponds to actual effector function. Although surface markers reflect activation

status, CTLs" ability to recognize and Kill target cells was evaluated. This method
highlights functional capability, confirming that the observed changes indicate a

biologically relevant effector phenotype in culture, rather than mere marker upregulation.

These experiments were conducted usingine cells Ralimetinib was excluded from
these assays to see clear effectdvaipkl4 knockout in M2-10B4 cells on CTL
mediated cytotoxicity against mouse C1498 AML cells. Additionally, these experiments
were conducteth several variations (ratio of T cellSAML cells) to determine the best
methodology: withor withoutpre-treatment of stromal cells using CM from AML cells

Firstly, a direct triple ceculture experimenivas initiated byseeding M210B4 WT or
p38KO cells into platesThe next day,CD8+ CTLspre-activated with antCD3/CD28
were addedo wells containing C1498VA-expressing celliabelled with Cell Tracker
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Green. After 12 hours of incubation, cells were collected and stained with Annexin V
APC/Zombie NIR to asses$iseapoptosis rates in AML cells (Figugs).

FACS Analysi
\ / Staining CS Analysis

7_\ P g Annexin V &
=y — | —>  ZombieNR+ —»
g | overnight A W 12h fixing in 4%
s / incubation \\ / incubation g .
— formalin

Se&iﬁ&of
MSCs in 96-
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M2-10B4
WT C1498 Ova, labelled
e TCRap to with Cell Tracker Green
SHNFEKL =~y Constitutive
or .. expression of
3840 * H2-K™-SIINFEKL (Ova)
s psb- attivated 5.,»""’»\_«
cTL AML

Figure 29. Workflow with mouse direct triple co-culture of stromal cells, AML and CTLs. AML
and T cells are added simultaneouslyeated in Biorender.

Secondly another modification of killing assayt@ple co-culture with pretreatment of
stromal cells was also established. It agdartedwith seedingi2-10B4 WT or KGO
Mapk14cells into platesThe next day, C1498VA cells, labelled with Cell Tracker
Greenwere seeded on stromal celdter 3 additional days of incubatio@D8+ CTLs
pre-activated with antCD3/CD28 were added to wells containi@d4980VA and
stromal cellsAfter 12 hours of incubation, cells were collected and stained with Annexin
V-APC/Zombie NIR to asseslse apoptosis rates in AML cells (FiguBg).

M2-10B4 C1498 Ova, labelled OT-1 CD8* T cells
with Cell Tracker Green TCRap to
= WT Constitutive SIINFEKL
. expression of
*"H2-K-SIINFEKL (Ova) ’
or . ,[77 .
s o P3BKO AML ac‘(';"TaL‘ed
L _ B ,L . Staining FACS Analysis
==\ S N\ g Annexin V &
) — (Gl ) —— —» ZombieNIR+
\ overnight  \ “—. "5/ 3days ) 12h fixing in 4%
S incubation <. incubation .. incubation _
A formalin
Seeding of
MSCs in 96-
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Figure 30. Workflow with mouse triple co-culture with pretreatment of stromal cells. Stromal
cells were activated for 3 days with C149&A cells. After 3 days of incubation activated T ce
were addedCreated in Biorender.

Figure31 displays the results of these Ghtediated killing assays. First, in APC/APC
Cy7, a significant increase in Zombie NIR positive cells is seen because perforin,

secreted by CTLs, disrupts AML cell membranes. At the same time, there is a slight shift

101



in the population toward Annexirgositive cells irM210B4KO-Mapk14 cells after 12

hours of triple ceculturein both variants of the killing assay proto¢blgure31A, B).

An increase in apoptotic populations is observed in triplkeutture with knockout
stromal cells, whether on ngoretreated stromal cells or on those pretreated with G1498
OVA stromal cells. This may be due to higher T cell activation and more efficient
apoptotic processes in AML cells when-coltured with knockout stromal cells (Figure
31B,0).

Using two different protocols for the killing assay, we observed similar results: in both
cases, there was approximately a 10% increase in amount of AMLkd&$ by
activated CTLs Additionally, preconditioning of stromal cells with AML cells
significantly reduced the number of dead AML cells, between two experiments,
indicating that stromal cells help to protect AML cells from apoptosis and increase their
resistance to cytotoxi@sponseAll these data open a potentiaérapeuticallywindow

for inhibitors of p 3 8pathway to increase-gell immune response against leukemic

blasts residing in mesenchymal stromal niche.
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Figure 31. G alepletedi stomabl Icefls ephar@dJCTL response against AML cells il
mouse tri-culture systemin vitro.

A. Examples of typical gating strategy for Chhediated killing assays. Gated AML cells, labelled w
Cell Tracker Green are subgated in AnnextARC/Zombie NIR channelfkesults of triple ceculture
of stromal cells, CTLs and C1498VA: B i on nonpretreated stromal cells (ratio 1:0.2), N€1: on
pretreated stromal cells (ratio 1:0.5), N=2, each variant of the protocol. Per one representative
Statistical significance for B and C: calculated using technical triplicate values with unpsesd
*p < 0.05; **p < 0.01; ***p < 0.001; =**=**p

Collectively, these data (Figure5-31) demonstrate that p38U
may influence CTL activation, differentiation, and killing ability. Unfortunately, human

CTL data are less encouraging, but the syngeneic mouse CTL data show more promise.
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6.9 Molecular mechanismsof p 3 8debendent AML-driven reprogramming of

MSCs: RNA sequencing

We aimed to identify novel mechanisms of communication between AML cells and
MSCs, ando discover pathways that can be targefeecifically in MSCswith smalt
molecule drugs or antibodies, thereby reducing AML growth and improving patient
prognosis. In addition, toomprehend the mechanisms underlying MSCs and the reason
why they do not facilitate tumor growtthenp 3 8slnhibited bulk RNA sequencing

of human MSCsvas performed. To achieve threymanMSCs and three human AML

cell lines were cecultured for 21 daysvith or without ralimetinib bypassaginghe entire
co-cultures, startingn a 96well plate and ending in aWwell plate. After this, AML cells
were separated froMSC monolayers; all celiwere lysedand total RNA was isolated

and sent for sequencinghe caculture experiment was conducted with three biological
replicates, with RNA from each condition being pooled across all samples within that

condition. The experimental setigopresented ifrigure 32:

iy

e — N e o 7 Bulk RNAseq
Coculture of KG1a or A
MOLM13 or NB4 with hMSCs AML cells
tralimetinib

Figure 32. Scheme of the experiment for bulk RNA sequencing of human MSCs and AML
Createdn Biorender.

Transcriptomic profiling of MSCs was conducted under several conditions in which

MSCs were cultured:

1. ControlintactMSCs
2. MSCs, cecultured with AML(KG1a, MOLM13 or NB4);
3. MSCs, cecultured with AML (KG1la, MOLM13 or NB4)in the presence of

ralimetinih.

The analysis focused on identifyidgferentially expressed genes R&NA sequencing.
This was done by subtracting the set of genes differentially regulated in comparison 3
versus 2 from those in comparison 2 versus 1 for each-MS8C pair in the presence

or absence of ralimetinib. The resulting gene lists, including tbgi(fold change)
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values, highlighp 3 &lé&pendent genes that could be suppressed or boosted in MSCs to
inhibit AML growth in vitro (Figure33).

Differential expression of genes in human MSCs
in the presence of ralimetinib after co-culture with:

MOLM13
/DOWN

Figure 33. Heat map representation of the top 50 differentially expressed genes in huma
mesenchymal stromal cells after ceulture with acute myeloid cell lines (KG1a, MOLM13, NB4)
in presence of ralimetinib

RNA sequencing analysis identified distinct sets of genes that were dadipregulated ghownin
blue and red color, respectively). The color scale reflects to thEdag expression levels relative ti
genes. Heatmaps with gene clustering were generated using R§tuelidmap package)hreshold
adj.pvalue<0.05.

EachhumanAML cell line triggereda uniquep38-dependentranscriptional response in
human MSCs, marked by distinct groups of apd dowrregulated genes. Generally,
downregulated genes are functionally important targets, as suppressing thers \BaU
inhibition with ralimetinib reducestromadependent AML growth. In contrast, the-up
regulated genes seem beneficial, as their activation may help to inhibit sthepesident
AML growth. Overall, these findings indicate tliafferentAML cell lines demonstrated
theirunique pattern of up/down regulated gendsich are depereht onp 3 8Hdwever,
we aimed to identify the universal regulatanechanisms in MSCtat promote or
abrogate cancassociated state suitable for any type of AMegardless of their
mutational frameworkTherefore, Venn diagrams were used to identify comM8
genes upor downregulated in response to three different AML cell lines in a p38

dependenmanner This search resulted in 45 common de\igure34A) and 27 up
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regulated commop 3 8dépendent genes in MSCs (Fig®B). Thus, modulation of
p 3 Ssignalling in MSCsis responsible fothe regulabn of stromadependant AML
growth.

Common down-regulated genes in MSCs
A B after co-culture with respective AML cell line
in the presence of ralimetinib
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Figure 34. Comparative analysis of differentially expressed genes in human mesenchymal strom
cells after coculture with acute myeloid leukemia cell likes (KG1la, MOLM13, NB4) in the presence
of ralimetinib.

(A, C) Venn diagrams show the overlap signiificantly dewnup-regulated genes in MSCs followin
co-culture with three AML cell lines.

(B, D) Heatmaps illustrate the expression patterns of commonly regulated genes, grouped accc
their function. PaneB depicts dowrregulated genes in MSCs in the presence of ralimetinib after
culture with respective AML cell line, which are involved in inflammation, osteogenesis, adipoge
control of extracellular matrix, and cell communication. P&hdkepicts upregulated genes in MSCs i
the presence of ralimetinib after-calture with respective AML cell line, classified into groups, ndn
as soluble factors, stress/metabolic response, cell adhesion and transcription factors. The co
represents logrC with blue color indicating dowanegulation and red color indicating -upgulation.
Threshold adj.pralue<0.05.

Analysis revealed a consisteswwnregulation of multiple geneés MSCsinvolved in
inflammation, extracellular matrix remodiely and lineage differentiation (osteogenesis
and adipogenesish response tp 3 8bldckade Further functional experimentnd
assaysvill demonstrate that suppression of some of these genes in MSCs inhibits AML
growthin vitro. This suggests that reduced expression of these stromal genes may impair
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the ability of MSCs to provide a supportirecroenvironmentor leukemia growth, and

may thus be associated with improved patient prognosis.

Notably, ®veral preinflammatory cytokines and chemokines, such as CXCL1, CXCLS6,
CXCL8, and ILDb, were among the most significantly dowegulated genes. These
mediators are usually involved in attracting leukocytes, promoting blood vessel
formation, and supporting survival pathways exploited by AML blasts. Reducing the
expression of these genes niiglecrease inflammatory processes that could otherwise
strengthen AMLstroma interactions, thus diminishing signals that promote leukemia.
Notably, the decreasd IL1b, which is often elevated in AML patients and correlates with

poor outcomes, may indicate a protective change in MSC function.

IL-11 is a cytokine from the H6 family, and $milar to IL-6, it interacts withL-1 1 R U
receptor complexes that contain gpl3bhis sgnaling activate pathways like
JAK/STAT, RAS/MAPK, PI3K/AKT,p 3 8ddd JNK MAPKs, leading to a variety of
cellular responses. Originally identified as a stromal factor supporting plasmacytoma
growth, IL-11 is now recognized for its roles imematopoiesis(including
thrombopoiesis, erythropoiesis, and megakaryocyte development), as well as
immunomodulatioraffecting macropa g e s , @&l 4polarization, Bcell IgG
production, and endothelial cell protection. Several studies indicate thatdan impair

T cell function, with Il-:11signdli ng i n col on c¢ an<cdimedatep pr es s
antirtumor responsé$ Additionally, IL-11 synergizes with other stromal factors like
IL3, SCF1, and GMCSF, enhancing the growth of AMh vitro’®,

Extracellular matrixremodellingreduces the adaptation of the leukemic niche due to
decreased expression of genes like MMP1, MMP3, and ADAM8 in MSCs. These genes
typically promote extracellular matrix changes and stremeahatopoietic interactions,

so their lower levels may prevent MSCs from forming a microenvironment conducive to
AML growth. For example, MMPs help release growth factors and modify niches that
support malignant hematopoiesis. As a result, their reducetyacould hinder AML's
capacityto colonize and grow within the bone marrdndeed,in Pirillo et af it was
demonstrated that metalloproteinase inhibition leads to reduced AML growth and to

improved chemotherapy efficacy.

Interfering with adipogenic pathways could decrease the metabolic support for AML.
The strong inflammatory factor SAA1l, which also plays a significant role in
adipogenesis, as well as GPX3, EREG, and PHLDAL, were also decieates
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presence of ralimetinibLow SAAl expression in MSCs leads to reduced-Ki
activationin AML cells. Bone marrow fat cells act as metabolic reservoirs, providing
fatty acids and nutrients to leukemic bld3# Therefore, downregulating genes
involved in adipogenesis in MSCs might limit the development of-lijgid niches that

promote AML growth.

Important genes that regulate osteoblasts and osteoclasts, such as EBE2ZOBCRR,
TFPI2, and UNC5B, were also found to be downregulated. Osteolineage cells are vital
for forming hematopoietic niches and providing protective signals to AML blasts.
Suppressing these cells may disrupt the osteogenic niches that help shielddeagismi

from chemotherapy and immune attack.

Among the presentaghalyse®f main targets in the Results part of the dissertation, there
are some others, which would be interesting to highligdg8GNT5 ( f,3N-
acetylglucosaminyltransferase 5), also known as -dygB8hase is agene, is
downregulated in MSCs in emlture with three AML cell lines in the presence of
ralimetinib (Figure 34B). Itodes theenzyme, located in Golgi apparatus, and it transfers
an N-acetylglucosamine (GIcNAc) molecule from a donor (UGENAC) into a

| actosyl cer ami de-1,3hakégeat thd G8,positon ef dhe gatagtoseb

residue in the substrat€he chemical reaction might be described as:
HAZET HEAMI - €7 WA'HY ¢ T "HEAHE Hi- £ 1 "WA'HHR A'E

€ ¥, where UDPGIcNACc is uridine diphosphate-Bicetylglucosamine:

Resulted lactotriaosylceramide is a common precursor for numerousaadtoeolacto
series of glycosphingolipids. Lactotriaosylceramide and the resulting glycosphingolipids
(GSLs)might be secreted by MSCs and transported to the AML cells durintpeazsl|
contact, extracellular vesicles or as soluble factors. In 2012, it was de$ttitdhe

BM of AML patients has higher levels of the GSL lactotriaosylceramide (Lc3), GM3 and
neolactotetraosylceramide (nLc4) in comparison with healthy donors, abpédoe M1
subtype of AML. Simultaneously, it was foufithat expression #3GNT5was 16fold

higher in BM of AML patients in comparison with healthy BM. Consequently, BSGNT5

and its products can orchestrate T cell responses in glioma, where high levels of BBGNT5
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enzyme activity results in upregulation of surface neolaetees GSLs. These GSLs
sterically impede antibody and receptor interactions with Hlakd diminish CTLs
activation. In PDAG*, B3GNT5 expression is high; it is associated with malignant
phenotype and may predict poor prognosis. Interestingly, but in MSCs aftettace
with three AML cell lines inthe presence ofralimetinib there is wpegulation of
GALNT18 (Figure 34D). Polypeptide NAcetylgalactosaminyltransferad®
(GALNT18) is an initiathg enzyme for mucHtype Oglycosylatiod® and can be
described as:

ProteinSe”ThrOHtUDP-Ga | NAc Y SeP¥OFaNg + WDP + H+,

whereUDP-GalNAc is uridine diphosphate-Bcetylgalactosamine

OH
HO € 5
~N\_0
HONmr o o S
HsC._NH 0_p_0-p-0 \ A
N | | N (0]
- & o
J o o
Na Na'
HO OH

As shown, the molecular structures are very similar, and intracellularly; GIBIRAC

and UDRGalNAc are convertible by epimerization UBRlactose 4pimeras®, so

they both might belong to a common pool of UBIExoseNAc. So, it seems, the MSCs,
when cecultured with AML and ralimetinib, may alter glycosylation pathways. The
downregulation oB3GNT5and simultaneously upegulation ofGALNT18in MSCsin
co-culture with AML with ralimetinib reprogram glycosylation, transitioning from
glycolipid extensionto mucintype Oglycosylation of proteins. This suggests that an
excess of UDFGIcNAc in the AML tumor microenvironment could be linked to a worse
prognosis, while a shift to @lycosylation in MSCs might be associated with a better
outcome. Indeed, AML d¢is from patients contain abnormally high levels of UDP
GIcNAc, and GGIcNAcylation of STATS can regulate oncogenic transcription in these
celld’. Since B3GNT5 products, like lactotriaosylceramides and metabolically
downstream glycosphingolipids, might &ecreted by MSCs, AML LSCs or blasts, they
might utilize these substances to influence their transcription activity, supporting their
survival and growth. Targeting of hexosamine metabolic pathways also can lead to AML

cell differentiation and cell dedth

| noticed that in the presented buNAseq data, many genes begwth the letters
A S L GbC4A4and SLC16A9 are upegulatedn MSCsacross ceculture with three
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AML cell lines in the presence of ralimetinitLC4A4 (bicarbonate transport)
bicarbonatedependentransport protein supports stability pfl control Speculatively,

this supports a modeh which MSCs cecultured with AML cells treated with
ralimetinib increase their capacity to stabilize intracellular pH and buffer acid load
(conditions often encounter@udactivated, inflammatory, or higlactate environments).

It is compatible with glycolytic acid stress, but it does not prove a glycolysis shift by

itself.

SLC16A9(Monocarboxylate transporter 9 or MCT9) is coding the proteirtthasports
monocarboxylates like creatine and carnitine across cell membrangseldgilationin
MSCs co-cultured with AML in the presence of ralimetiniimight demonstrate efflux
of creatine and carnitine from MSCs to the extracellular sgdetabolome ofAML
blastsis specia) glycolyticand theyuse fatty acid oxidation to produce A¥PCreatine

and carnitine might be used for synthesis fatty acids

In MSCs cecultured with MOLM13, | only identified one pseudogene, FMOG6P (flavin
containing dimethylaniline monoxygenase 6), and since it is a pseudogene, | cannot
determine its biological significance. However, aftecatiuring MSCs with KG1a cells

in the presence of ralimetinib, there was a significant decrease in FMO1 expression,
which encodes an enzyme that catalyzes the conversion of hypotaurine to taurine. A
notable study in Natuf®described how taurine in the AML tumor microenvironment
can promat leukemia development. The authors demonstrated that blocking taurine
transporters (TAUT or SLC6AGN ostesprogenitor cells in BMmpairs growth and
enhances the effects of venetoclax. Unfortunately, the presented bulk RNAseq data of

MSCsdoesnot haveany of the genes discussed in thablication

Figure 35 depicts the distinct activated pathways in human MSCs following coculture
with three human AML cell lines in the presence of ralimetinib. It highlights extracellular
communication and intracellular signalling through protein pathways and shows

metabolomicshifts involved in the synthesis and degradation of numerous compounds.
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Figure 35. Comparative analysis of differentially expressed pathways in human MSCs after €c
culture with AML in the presence of ralimetinib: A 7 with KG1a,B i with MOLM13, C 1 with
NB4.
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Unfortunately, there inota single shared pathway that is consistently downregulated

MSCs inp 3 &épendent manner in-@ulture with all three AML cell linesHowever,

in MSCs cultured with KG1a and NB4 cells, several common pathways show decreased
activity, including 'Signalling pathways r¢
hsa04550). This pathway controls key pluripotency transcription factor®dt& Klf4,

Nanog, Sox2,andbly c, whi ch ar e ad\PKe Plak, adl Wati t h TGF
signalling pathways. In MSCs cultured with AML cells, this could influence the stemness

and differentiation potential of stromal cells. Additionally, a reductioi ifiocop her ol
degradati ono and i NGng pdhwaydregelatienwfinteffeukd s i gn al
10 production) o was -colture with iK@ld or NB4 cdSiCtke af t er
presence of ralimetinibAlso, | would like to mark two pathways which are
downregulated in MSCs after -@ulture with MOLM13 in the presence of ralimetinib:
AReactome: Degradation-mdi rcymateh vapsteifinan d oAnlo

degradatiod fi .

On the other hand, there are some common up
by type 1 Insulidike growth factorl r e c e pt o frebatechavanhts flighyeted by

| GF1R Mai n Pat h wa y-ldSA-2404R32,a cRHBA2428933). R
Mechanistically, IGF1 bIGF2 binds to the extracellular domain of the type 1 insulin

like growth factor receptor (IGF1R). When phosphorylated, IGF1R interacts with and
phosphorylates SHC1, activating two major signgl pathways: the SOBAS-RAF-

MAPK (ERK) pathway andthe PI3R KB ( AKT) pat hway. Additi on
hormone signdl ng pat hway protein synthesiso pathyv
begins with growth hormone (GH) binding to its receptor (GHR) on the cell surface,

leading to JAKSTAT pathway activation, which then activates STAT5b, a key
transcription factor that enhees gene expression. Concurrently, GH sigmalalso

activates other pathways, such as MAPK and PABK -mTOR. In summary, the

upregulation of these pathways in MSCs treated with ralimetirgb-gulture with AML

cells suggests that their activation may reduce leukemic growth, making them crucial

pathways.

We also performed RNA sequencing of AML cells to find out what pathways are
changed in leukemia in case of disrupted communication with MSCs when p38 is
inhibited by ralimetinib. This would help to identify potential mechanisms.

Transcriptomic profiling of AML cellsvas performed fotwo conditions:
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1. AML (KGla and MOLM13), after c@ulture with MSCs;
2. AML (KGla and MOLM13)after ceculture with MSCs with ralimetinib.

Analysis of RNA sequencing was conducted by subtracting differentially regulated genes
(comparison 1 vs 2) for each MSEXML pair. The resulting lists of genes, with their
log2(fold change) values, indicate which genes are more suitable for suppression or f
increased expression AML growthin vitro as a response talimetinib treatmentTo
identify the universal regulator mechanisms in AML which pronmgrewth, Venn
diagrams were used to identify common genes that were differentially expressed in
MSCs dter coculture experiments with three AML cell lines, highlighting those that
were either downor upregulated. This search fou2dtommonup-regulated (JUN and
RHOB) genes and 2 commdown (HIC1 and IGFBP5) regulated gengsgure36).

A Up
KG1a MOLM -
Up and down-regulated genes in AML cells
B log2(FC)
4 °
o
2 x
Down
KG1a MOLM 0
2
-2 =
0
4 =
1 1 ‘\_ O
5808
TG

Figure 36. Gene expression in AML after ceculture with MSCs.

Comparative analysis of differentially expressed genes in KGla and MOLM13 AML cell lines aft
culture with MSCs.

(A) Venn diagrams show the overlap significantly desnupregulated genes in AML blasts followin
co-culture with MSCs.

(B) Heatmaps illustrate the expression patterns of commonly regulated genes, red color dep
regulated genes and blue color depicts doggulated gene.

The color scale represents #6¢ with blue color indicating dowsnegulation and red color indicatin
up-regulation.Threshold adj.fvalue<0.05.

In normal myeloid cells, RHOB levels decline during differentiation. However, in AML,
this process is hindered, and low RHOB expression is frequently linked to poorer

prognosis and may contribute to chemotherapy resistance. Conversely, elevating RHOB
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levels can induce terminal differentiation in AML cells, suggesting its potential as a

differentiation therapy for the disease.

Role of IGFBRproteins (insulidike growth factor binding proteins) in AMeellsis not
well known. Authors® postulate that IGFBP5 serves as a tumor repressor in AML cells

and helps AML cells to be less chemoresistant.

Generally, &ken together, the downegulation of genes in MSCs appears to restrict both
the metabolic and structural support of the stromal niche for AML cells. Instead of
reinforcing AML progression, MSCs with reduced expression of inflammatory
mediatorsextracellular matrixemodeling enzymes, and lineage differentiation markers
appear less able to sustain leukemrowth These findings highlight a potentially
protective adaptation of MSCs that may contribute to improved patient prognosis.
Moreover, argeting stromal pathways that sustain AMkuch as pranflammatory
chemokine signalling adipogenesis, osteogenesend fibrosis- may represent a
promising therapeutic approach to disrupt the leukesugportive microenvironment.
6.9.1 Selection of most influential novel druggableancerassociatedgenes in
human bone marrowderivedMSCs
To identify potential molecular targets in MSCs for therapeuwtimodelling and
disrupting their supportive rol® AML cells, a set ofprincipleswasdeveloped. First,
the priority was given to genes with expression levels in MSCs that correlated with
patient outcome, using publicly available transcriptomic and clinical(&&asenomic
analysis and visualization platfoffh This ensured our targets were not only
experimentally relevant but also clinically meaningful. Secatténtion was paid to the
newtargets, not well investigatellain focus was on targets that hadn't been thoroughly
explored in previous research, seeking to identify new regulators of skeokemia
interactions rather than rehashing wedtablished mechanisms. Thiesnphasisingnd
pursuing translational researéhwasessentiato demonstrate the druggability of these
selected targetsThe ability to pharmacologically modulate afentified target is a
critical criteron for its investigation as it directly determines the feasibility of
therapeutic interventioand as a consequenpetential treatment of real patients. An
additionalkey factor in our target selection strategy was the potential for repurposing
existing drugs. Repurposing involves using approved drugs fortmenapes and it's
become a major trend in cancer research and tissue biology. By matching our MSC

targets with compounds already in pharmaceutical datallbsegrojectsought to speed
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up the process from discovering targets to using them in therapy. This approach not only

cuts down on time and cost for developing new drugs but also leverages established

safety and effectiveness profiles. Therefore, identifyiagel druggable stromal targets

that can be modulated with repurposed agents presents a promising approach to disrupt

MSC-AML interactionsto improve patients” outcomes.

In recent years, drug repurposing has gained prominence in biomedical research and
translational medicine. Researchers like Harald H.H.W. Schmidt highlight its potential
to speed up treatment developniénThe traditional orgagentric approach and 'one
diseaseonetargetone drugo dogma hinder innovation.
are revolutionizing disease understanding, diagnosis, and treatment. Instead of
descriptive phenotypes, endotypes atretd by causal, multitarget sighaf modules

that clarify comorbidities. Effective therapy now often involves synergistic
multicompound network pharmacology and drug repurposing, bypassing traditional

discovery and speeding clinical applicati®®®

The usual drug discovery process is slow, expensive, and risky: millions of compounds
are tested, but few reach trials. Developing new drugs can cost billions and take over a
decade. In contrast, drug repurposing is -effgctive and faster, as approvedigs

already have safety profiles and can skip early testing, reducing costs and faildfe risks
Repurposing has succeeded in cancer, infectious diseases, and neurodegenerative
disorders. Systematic efforts to find and validegdpurposabledrugs are crual in

translational science, especially for higeed fields like AMLE®,

We selectedive genes UNC5B, IL7R, HAS2, SPX, IL17Dlustrated in Figured7 by

the principle of thalistinct nature of their respective proteins and their roles in various
pathwaysOnly these fivegenes showed exactly the same pattern in MS&siktored

with three different AML cell lines. These genes were selected by applying the principles
described above: druggability by available pharmaceutics, novel pathways in MSCs,
correlation with patientsutcomes(Figure 38). UNC5B and IL7RJ are two receptors
found on MSC surface cells, capable of modulatingtoetiell communication. HAS2

is a transmembranenzyme that produces hyaluronan, a key component of the
extracellular matrix. SPX is a hormone called spexin, whipeegulated inp 3 8 U
depenént manneltL17D is one of the lessé&mnown interleukins from the H17 family;

both are secreted by MSCs and may influence responses through soluble factors.
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Selected target genes in MSCs
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Figure37.Sel ect ed novel and druggable target g

The heatmap demonstrates expression level of respective genes in human MSCscaftarecwith
different AML cellsin the presence of ralimetinihe color is respectful for the IgeC. Data represent
log2FCvalues from MSC’s RNA sequencing.

Since clinical data on MSCs was not available, gene expression was examined in
avail able Bohlanderés dataset (GSE37642) wus
platform (Figure 8). This dataset was created through bulk RNA sequencing of
leukemic cells obtained from blood of 422 AML patients &aplanMayer overall

survival of these patients were generated using R2 Genomic brovedebly, similar

expression patterns were observedftiC5BandHAS2 whereasL 7R andSPXdid not

show such patternssaevealed by the R2 Genomic Browser. These survival data
convinced us to continue exploring identifi

as promising specific targets for strowhaected AML treatment.
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Figure 38. Gene expression oUNC5B, IL7RUand HAS2in AML cells in 422 AML patients.

Kaplan-Mayer overall survival of 422 patients were generated uRRagGenomics Analysis anc
Visualization Platform (http://r2.amc.nijp GSE37642 Expression ofSPXand IL17D were not
presented in this dataset.

The next section describes the methodology used to validate experimental findings
through analysis of publicly available RNA sequendalagasets. These datasets contain
gene expression profiles frorhuman normal and AML bone marrow samples.
Integrating such datasets sergeas an independent validation strategyoviding a
broader perspective on gene expression changes associated witted®lopment and
growth compared to the normabne marrowmicroenvironmentSpecifically, Chen et

al® (in further desdption i Raaijmakers” datasefsolated bone marrowerived
mesenchymal stem celfsom cryopreserved samplesharacterized by the markers
7AAD-, CD45, CD72, CD235a, CD31;, and CD271+rom both healthy donors and
AML patients(age 1825 years old). Importantly, all patients got an intensive induction
therapy with two cycles: first one with idarubicin and cytarabine with or without
lenalidomide; second with daunorubicin, cytarabine with or without lenalidomide
(Clinical trial HOVON-132) The authorssolated total RNA using TRIzol method and
performed bulk RNA sequencing tmalysegene expressiom MSCs during AML
development and progressiorheir analysis revealed that many genes exhibit similar
expression trends between AML and healthy sam@esthe other hand, this study
focuses on identifying genes of particular clinical importance. Our inclusion criteria for
genes were based on their changes in expression observed in oweRMNHRcing data.
Specifically, we considered genes that were downregulated in our bulksBiNA&Ncing
experiment under treatment with ralimetinib, indicated by a neghtipeC (meaning
decreased expression linked to AML growth inhibition). Conversely, in the public
dataset, these same genes should show an upregulated pattern, with a pogt/m log
AML patients compared to healthy donors. Therefore, for a gene to be considered
relevant, its expression should be downregulatéddmpresentedata but upregulated in
thenormal vsAML patient dataset. This inverse relationshighown in our experiment
and up in patient datahelps identify genes that are significantly involiedAML

development and response to treatment in actual patients.

First, Venn diagrams were generated to visualize gene overlaps. Of the 45 downregulated
genes in our RNAseq data, 18 were common with genes in the real patient's MSCs
(Figure39A). Additionally, out of 27 downregulated genes in MSCs, 19 overlapped with
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genes that were either -upr downregulated in MSCs isolated from both normal and
AML patients (Figure39C).

Genes with Log2FC values that do not match correctly between the current RNAseq data
and RNAseq of patierderived MSCs were excluded and rest of the genes were
compared. The results are shown with the average expression levels of each gene in
MSCs after o-culture with KG1a, MOLM13, or NB4 AML cell§Figure39B, D).

Up-regulated genes
in MSCs under ralimetinib
in co-culture with AML

Down-regulated genes
A in MSCs under ralimetinib
in co-culture with AML

Down-/Up-regulated genes
in Raaijmakers’ dataset

Down-/Up-regulated genes
in Raaijmakers” dataset c

g /__1\

Comparison of common up-regulated genes in MSCs
after co-culture with AML cells in the presence of ralimetinib
with down-regulated genes in Raaijmakers” bulk RNAseq of

patient-derived MSCs

Comparison of common down-regulated genes in MSCs
B after co-culture with AML cells in the presence of ralimetinib D
with up-regulated genes in Raaijmakers” bulk RNAseq of
patient-derived MSCs
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Figure 39. Correlation of gene expression patterns in the present bulk RNAseq of MSCs after-cc
culture with KG1a, MOLM13, and NB4 in the presence of ralimetinib and publicly available bulk
RNAseq of purified HD/AML -patient-derived MSCs (Raaijmakers” dataset).

Common 18 genes between downregulated geke®yerlapping 40,0%) and common 19 upregulal
genes B) (overlapping 70,3%) in MSCs in the presence of ralimetinib with list of the bulk RN/
dataset of purified MSCs from BM of healthy or AML donors, published by Marc Raaijmakers.

Comparison of common, matched correctly, 11 do{@®) and 9 upregulated D) DE genes in MSCs
after caculture with tree AML cell lines in the presence of ralimetinib with respectivelyaog down
regulated genes in MSCs, isolated from BM of healthy and AML donors (Raaijmakers” RNAseq d:
Log2FC values are presented for@85.

In addition, another bulRNAseq dataset of AML patiewterived MSCs was anaiyd
Zhang etal °® obtained BM from AML patients (highand moderateisk, 28-35 years

old) and healthy donors (271 years old)Bone marrow mononuclear cells were isolated
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using standard Fico#00based gradient centrifugation and obtained cells were
maintained in DMEM/F12 (Hyclone) media, supplemented with 10% FBS (Gibco), 1%
glutamine, 100U/ml penicillin-streptomycin, 2ng/ml bFGF and 10ng/ml EGF
(Peprotech). Media was changed every 3 days. Total mMRNA was extracted from obtained
cells at the passage 3 by utilizing TRIzol protocol, qualified by NanoDrop and sequenced

in Novogene (Chinalin the further texi Han"s dataset)

Again, for this analysis Venn diagrams were generated to visualize gene overlaps. Out
of the 45 downregulated genes in the present RNAseq data, 10 were common with genes
in the real patient's MSCs (Figu48A). Additionally, out of 27 downregulated genes in
MSCs, 8 overlapped with genes that were eitheoupgownregulated in MSCs isolated

from both normal and AML patients (Figu4eC).

Genes with Log2FC values thadchot match correctly between the current RNAseq
data and RNAseq of patiederived MSCs were excludeahd the rest of the genes were
compared. The results are shown with the average expression levels of each gene in
MSCs after ceculture with KGla, MOLM13, or NB4 AML cellsn the presence of
ralimetinib (Figure40B, D).
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Figure 40. Correlation of gene expression patterns in the present bulk RNAseq of MSCs after-cc
culture with KGla, MOLM13, and NB4 in the presence of ralimetinib and publicly available
bulk RNAseq of cultured MSCs from AML and healthy donors (Han’s dataset).

Common 10 genes between downregulated gekie®Verlapping 22,2%) and common 8 upregulal
genes B) (overlapping 29,6%) in MSCs in the presence of ralimetinib with list of the bulk RN/
dataset of purified MSCs from BM of healthy or AML donors, publishedtgyngchao Han

Comparison of common, matched correctly, 10 do{@) and 8 upregulated D) DE genes in MSCs
after coculture with tree AML cell lines in the presence of ralimetinib with respectivelying down
regulated genes in MSCs, isolated from BM of healthy and AML donors (Han’s RNAseq da
Log2FC values are presented for p< 0.05.

The next question was to highlight the genes most responsible fordd@&hdent AML
growth. For this, the dowror upregulated genes from Figud@B and D were overlaid
with the list of genes from Figu#0B and D. Resulted list dhe mostcrucial down or
upregulated genéa MSCswith correct match to the patient’s data is presented in the

Figure4l.

Cross-comparison of the key common
ralimetinib-modulated DE genes in MSCs
in coculture with AML cell lines with AML-patient-derived bulk RNA-seq of
MSCs (Raaijmakers” and Han’s datasets)
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Figure 41. Expression of key p3&-dependent genes in MSCs in eoulture in the presence of
ralimetinib, correlated with two published datasets.

Common downand upregulated DE genes in the present bulk RNAseq of MSCs aftattare with
KG1la, MOLM13, and NB4 in the presence of ralimetinib and publicly available bulk RNAseq of N
from AML and healthy donors (Raaijmakers” and Han’s dataset).
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Two genes werdownregulated in MSCs after -@ulture with three different AML cell

linesin the presence @f 3 8nbibitor ralimetinibh whereas there is upregulation of them

in the MSCs of AML patientB3GNT5andUNC5B (Figure4l), what makes these two

genes a fAbad guyso in MSCs aandlcanbéatargeted ar e pr
by ralimetinib Other 6 genes were upgulated CDH4, IGFBP2, IGFBP5, IL17D,

TSPANS8, WNT2B

Out of all genes irthe list presented in Figudd, only theUNC5BandIL17D can be
therapeutically intervenetYNC5B(UNC-5 netrin receptor B) encodes a netrin receptor
crucial for development and disease, acting as a dependence receptor involved in cell
survival, migration, and apoptosis, particularly in axon guidance, angiogenesis, and
tissue repairResearch literature indicates that UNC5B acts as a receptor upstream of
ERK1/2, p 3 § (PI3K-AKT-pathway&”%® suggesting it plays a role in MSC
reprogramming. Upon ligand binding, UNC5B phosphorylates PKC, thereby activating
kinase cascades. The classical ligands for UBl@&septor are netrins (1,3,4). Netfin

the bestknown ligand, was initially identified as an axgaoidance molecule but is now
recognized for its involvement in inflammation and chronic dise¥sdts levels are
increased in AML patient® and itcan besecreted by MSGSL While its expression in

AML cells remainsunclear it has been found upregulated in various tuffaré\n
interesting feature of UNC5B is that it induces DAPIK&diated apoptosis when no
ligand is bound to the receptor, which isywihis called a dependence receptor his

leads to the fact that an overexpression of UNC5B in AML cells increases their
chemosensitivits?. When combining the tumgaromoting effects after ligand binding

and the preapoptotic effects when no ligand is bound, the possibilities that could arise
from neutralizing antibodies against UNC5B or its ligands become clear: they could
inhibit UNC5B-signalling in MSCs to prevent their reprogramming and also increase
chemosensitivity in AML celf. Only one studydentified oleanolic and ursolic acids

as direct inhibitors of UNC5B. It showed that targeting UNC5B with these acids inhibits

growth and EMT and enhances chemosensitivity to niraparib in ovarian cancér cells

It is worth noting some genes whose expression is incr@asieel present bulk RNAseq,

but downregulated in MSCs, derived from AML patierisstly, the upregulation of
IGFBP-2 and -5 in MSCs was observed in response to AMLthe presence of
ralimetinib. Author$® have reported that these secreted proteins can suppress the growth
of THP1 and U937 cells by inducing cell apoptosis and arresting G1/S transition, and
promote the chemosensitivity of U937 and THP1 cells to daunorubicin and cytarabine.
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Similarly, theaddition of recombinant IGFBP7 to the AML cells induces differentiation
and loss oburvivalof LSCS%3 On the other hand, IGFBP2 serum protein expression in
AML patients is increased accordifiy Authors highlight that the risk of primary
resistant disease is approximately 4 times higher in patients with high IGFBP2 expression

compared to those with low IGFBP2 expression.

Seconddruggable (in a form of recombinant protein) target is IL17D whkidhibited a
similar pattern of expressian our RNAseq analysisThis protein belongs to the IL17
family, which also comprises IL17A, L7B, IL-17C, IL-17E (IL-25), and IL-17F.
Among these, IL17A is the most wédhown and extensively studied, whereas IL17D
remains the least understood; even the receptor is unkdowinteresting stud{® has
demonstrated that IL17D can bind to the twamonical CD93 in ILC3sIL17D-CD93
binding reluces inflammation in colon, downregulating production of IL22. Mice with
deletion of ILL7D were more susceptible to acute colitis, bacterial infection and

experimentally induced colon cancer than their wildtype counterparts.

When applying multipldesting correctiongdjusted pvalue, of-DR thresholde.g false
discovery ratg only onegene remainedeally biologically statistically significant and
showed a robusstrongestissociation with AMLrelated p 3 8lépendenthangesn

the MSCGAML communication To gain a broader view of transcriptional remddegl

in MSCs,| haveexamined the full differential expression output using nominadlpes
and effect sizegFigure 39, 40 and 4.). This exploratory analysis identifiegene
expressiorpatterns and candidate pathways that wouldn't be visible wedgstrict
FDR filtering.

Thus, sibsequently] have applied FDRbased selection to highlight the most robust
findings and prioritize genes with the strongest clinical evidence relevamsdiltering
yieldedonly one gen& UNC5RB generating the strongest AMelatedp 3 8addMSC-
dependengenesignaturgFigure42). UNC5Bexpression in the present RNAseq data of
human MSCs after eoulture with human KGla, MOLM13®r NB4 AML cell lines in
the presence of ralimetindemonstrateasignificant reductiomf its expressioraverage
Log2FC of UNC5B between three AML cell lines in the presence of ralimetinib is
2,28636, whereas in the real AML patieragerage Log2FC between two independent
publicly available bulk RNAseq &AML -patientderived MSCss +1,7372Figure42).
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Cross-comparison of UNC5B expression in MSCs
in coculture with AML cell lines in presence of ralimetinib
with AML-patient-derived bulk RNA-seq of MSCs

(Raaijmakers” and Han's datasets), FDR<0,05 m 3
¥
- 41
UNC5B4-2.1025 -1.7680 | 0.6379 | 2.1164 - 10
p<0.05 p<0.05 FDR=0.0109 | FDR=0.0022 F -1
KG1a MOLM13 NIB4 Raaijn:lakers Zh;ng - -2
Downregulation of UNC5B Upregulation of -3
in MSCs in co-culture UNCS5B in MSCs in
with respective AML cell lines published bulk
in the presence of ralimetinib  RNAseq datas of
patient’'s MSCs

Figure 42. Statistically significant characterization of expression levels of UNC5B in MSCs ir
co-culture with AML cells in the presence of ralimetinib in the present RNAseq data and in
publicly available (Raaijmakers” and Han’'s).

Log2FC is indicated with a larger font size; the smaller font shows tiadue for the current RNAsec
data and the adjustedvalue (FDR) for publicly available data.

Based on the RNAseq results and selected targets, we focused on a panel of druggable
targets for direcin vitro comparative functional testing. This allowed us to be safe: if
one target doesn't work, or sevedrale would exclude it.

Hereby, there is a final list of target genes in MSCs, which were used in all further
anal yses: UNCS5 B, | L7RU, SPX, I L17D, HAS?2.

6.9.2 Analysis of scRNAseq data of AML patients

To validatethe identified genes in MSCs within the bone marrow niche and to highlight
the clinical significance of this study, two additional approaches were taken: isolating
MSCs from both healthy and AML donors and asaly publishedsinglecell RNA
sequencing datasetsf cells isolatedfrom the bone marrow of AML donors.
Unfortunately,| was not successful with scRNAseq analySise scRNAseq dataset of
MSCs (GSE128423) in MLL-Bnutated mice showed nocommon significant gene
signatures in MSCs. Anaiing Log2FC and FRD foUNC5B, SPX, IL17D, IL7Rand
HAS2 did not clarify their roles in MSCand p38dependent AML growth and
development. The FRD values of these genes were close to 1, indicating noinitoal
change. Likely, in the mouse KMTELL3 AML model, these genes are not
significantly altered, as mouse AML relies on MSCs through other genes and f&ctors.
van Galen et & pullished scRNAseq data of BM of AML patier(S§8SE116256)but

unfortunately, initially all CD45 negative cells were sorted out. In other dataset
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GSE185381of patients with AML relapse stromal cells were poorly annotated, some
parameters are not available, what makes analysis impos3itlieone dataset exists,
published byProf. Dr. Marc Raajmakers®, butwe have not yet obtainextcess to this
dataset.

6.9.3 Validation of targetgeneexpression in patientlerived MSCs

In addition, ve collected bone marrow aspirates from healthy and AML doaiods
performed density gradient isolation of bomarrowderived mononuclear cells and
seeded cells in the flasks in MesenchyglExpansion medium (Millipore After 10-

12 days of growing, monolayers of the cells were washed with PBS and lysed for RNA

extraction.

Several key genes of interest (GOIs) were selected fegfROR analysis. Almost all
GOls, excepHAS2 showed no significant difference between healthy and AML donors.
IL1B, IL6, IL17D expressions were not observed at all (Ct value more that038
CXCL, UNC5B, RUNX2, PPARG, FASMdHAS2displayed opposite tendencies to
what was expected. These genes are downregulated ind&ied MSCs, an unusual

phenomenon that should be the oppo$ttgure43).
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Figure 43. Transcriptional profiling of donor’'s MSCs.

Each dot present the middle value of expression GOI in one d8tadistical significanceMann
Whitney test; *p < 0.05; **p < 0.01; ***p

The reasons of such results are not clear, but it might be because naive MSCs are more

proliferative, dominating cultures of differentiated MSCs. The loss wivoimprinting
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could also be due to markers expressed in the BM niche disappearing during culture as
phenotypic normalization occurs. Without niche signals in media, these markers fade.
Media also makes matter; and we do not know the exact compositibesehchymal

XF Expansion medium (Millipore). It may contain factors that suppordifierentiated

cells while maintaining the stem stagelditionally, MSCs are epigenetically plastic, and
without niche signals, lineagessociated genes are silenced, causing relaxation

culture.

6.9.4 Shortlisted genes regulated iy 3 8nMSCs and their inhibitors

To validate identified genes of interest obtained from RNA sequencing of MSCs,the RT
gPCR experiment was performed. Figdrdeshows the expression levels UNC5B

SPX IL7RU, IL17D, andHAS2genes in human MSCs after-calture with human AML

cells in the absence or presence of ralimetinib. This data demonstrates the successful

verification of results, which were obtained with RNA sequencing.

B C

After KG1a After MOLM13 After NB4

oo e (il

T
UNC5B SPX IL7R IL17D HAS2 UNCS5B SPX ILTR IL17D HAS2Z UNCSB SPX IL7R IL17D HAS2

>

(X}
1

NA @@
L
E—*|

LX)
1

Relative expression (fold change)
L

Relative expression (fold change)

o
1

Relative expression (fold change)
=]

I Co-culture MSC with AML
|:| Co-culture MSC with AML + Ralimetinib

Figure 44. Verification of RNAseq results by RT-qPCR of human MSCs, taken after long ce
culture experiment (day 21) with different human AML cell lines in the presence of ralimetinib.

A. After co-culture with KG1aB. After co-culture with MOLM13 C. After co-culture with NB4 N=1.
Statistical significancevas calculated between technical triplicates usingaired # e st ; *
**p < 0.01; ***p < 0.001; ****p < 0.0001.

According to all the mentioned principles, several targets and corresponding compounds
modulating their activity were selected (Tabl®.IThere were navarixin (inhibitor of
CXCR1/ 2) , rhl L17D, neutralizing antibodi es
(inhibitors of UNC5B), and Methylumbelliferon (inhibitor of HAS2), and they were

selected to primary test for inhibition of AML grdwtConcentrations of the compounds

were chosen to be ndoxic for MSCs and AML cells (Tables).
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Table 17. List of selected drugs which were used for screening of targets and its
effect in proliferation of MOLM13 in vitro in co-culture with human MSCs.

Target Drug Effect
CXCR1/2 Navarixin weak
IL17D rhiL17D YES
| L7RU Neutraliting antibodies YES
UNC5B Oleanolic and YES
Ursolic acids
HAS2 4MU YES
SPX no -

To understand the effectiveness of listed drugs in terms of inhibiting AML growth,
human MSCs were seeded into the plates, pretreated with selected compounds in
different concentrations and MOLM4RFP720Luc cells were ceultured for 1 week.

After this, all cells were collected by centrifugation and lysed for the luciferase activity
measuremer(Figure %).

Proliferation of MOLM13 on hMSCs with selected inhibitors

ns
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P L]
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50004
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Figure 45. Results of ceculture experiment between human MSCs and MOLM13RFP720-Luc
cells with potential drugs at the different concentrations.

Drugs were classified as excluded and selegtedps due to comparison with timhibitory effect of

ralimetinib. Oneway ANOVA was used to test the significancetloé decrease in the luminescent
signal s compared to DMSO control, *p <N=D.
Statistical calculation is done between technical triplicates.

The selection of compounds was based on their thresholgraliferative activity of
ralimetinib in a ceculture experiment with human MSCs and MOLM13 AML ceAl.
inhibitors of UNC5B and HAS2, neutralizing antibodies against IL7D as well as
recombinant IL17D blocked efficiently AML proliferation in -@ulture with MSCs
(Figure %). Navarixin (inhibitor of CXCR1/2)was excludedrom further experiments
because of its limited ability to inhibit AML growtl€ombiningin vitro experiments
analysis ofliteratureand bulk RNA sequencing of the patient’'s MS&é&nal list of
compoundsogether with the outcome wof vitro datawas generatednd presented ite
Tablel7. To elaborate and visualizke possible mechanisms of stromislL crosstalk

via UNC5B, IL7RJ, IL17D and HAS2 regulatiogra scheme has been generated (Figure
46). Inhibition ofp 3 Syralimetinib leads to@vnregulation of UNC5B, IL7R, SPX

and HAS2 and upregulation of IL17D expression MSCs co-cultured with MSCs
Pharmacological modulation of these identified targets withB Sathway in MSCs
restrictsAML growth due to disruption of stromA&ML communication.

Oleanolic or
Ursolic acid
Neutralizing
i ini antibodies
Ralimetinib UNCSB/

MSC

128



Figure 46. Strategy for targeting MSCs: highlighted mechanisms and their drugs.

UNC5B-receptor can be inhibited by oleanolic or ursolic acids. IL7R (CD127) can be inhibite
neutralizing antibodies. HAS2 can be inhibited byndthylumbelliferone (4U). Since MSCs
express IL17D, supplementation the media with rhIL17D is possible.

6.9.5 Generation of ShRNA to prove results with compounds

To confirm the effects seen wiphharmacological compounds and highlight their specific
modulation of MSCsa knockdown of target genes was generated in the MSClcdile.

16 represents the sequences of sShRNA againsttasgpt

Table 18. Sense sequences of shRNA against identified targets in MSCs

Target Number TRCN Sequence

MAPK14 TRCNO0000010052 GTTCAGTTCCTTATCTACCAA
UNC5B TRCNO0000061816 TGTCGGACACTGCCAACTATA
SPX TRCNO0000371443 CCGGAAAGACGAAGCCCAAAT
IL7RU TRCNO0000058232 CTGATTGGAAAGAGCAATATA
HAS2 TRCNO0000425428 TACGATTCCTGGATCTCATTC

Sequences of shRNA were cloned into the pLkReb vector using Agel and EcoRl
restriction sites and verified by Sanger sequencing. Lentiviruses were produced in
HEK293FT cells, which were ewmansfected with pMD2.G, psPAX2, and target
pLKO.1-Neo plasmidsThe viruses were concentrated using a PEG6000/NaCl protocol,
and human MSCs were transduced with spin infection in retrorezdited plates, using
stromal media supplemented with virus and polybrene. Subsequently, the cells were

selected with G418 for ®eeks, expanded, and cryopreserved.

To generate human MSC cells with overexpressiol.b¥D, MSCs were transfected
with pCMV6-hIL17D-MycDDK plasmid and cells were selected with G418 for 3 weeks,

expanded and cryopreserved.

To determine knockdown and overexpression efficacy,-typg MSCs, or with gene
knockdowns $hMAPK14, shUNC5B, shSPX, shHAS2, shilj7Rand gene
overexpression (OH.17D) were seeded intowell plates, grown for 3 days and lysed

for RNA extraction.The esults of RFgPCR analysis are presented in Figlife
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Figure 47. Knockdown efficacy in human MSCs of target gene&nock down efficacy of respective
ShRNA:MAPK147 85%;UNC5BT 99%;SPXi 96%;IL7R1T 80%;HAS2i 89%. Overexpression o

ILL7Di s 4650 times more than in control WT ¢

6.9.6 Regulation ofp 3 &athway in MSCs by identified target genes

Previous Western blot analysdsgure M) demonstrated that ralimetinib effectively
inhibits the activation ofp 3 8via phosphorylation and consequently impacts its
downstream target, HSP27. Therefore, the objective also included investigating the
effects on the 3 &idase pathway iMSCsin co-culture withAML cells, utilizing
pharmacological agents or gene knockdown of identified targbtss, it was aimed to
evaluate the signalling hierarchy to assess which proteins act upstream or downstream of

p 3 8vithin the investigated pathway.

For this purpose, human MSC cells were seeded into plates, pretreated with drugs, and
co-cultured with KG1a for 30 minuteB a separate experiment, control wild type MSCs
and their sublines with knockdown of target genes were seeded in platesuidliczl

with KG1la for 30 minutesWestern blot analysishows that only two selected drugs,
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IL17D and 4MU, can prevent phosphorylatiorpo8 &agwell as downstream HSP27 in
MSCs in response to amulture with KG1la AML cells (Figurd8A).

° +KG1a (1:3) monoculture of MSCs  co-culture with KG1a (1:3)
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Figure 48. Western blot analysis of MSCs in ceculture with KGla with selected drugs: (A) or

targeted knockdown of selected gen8f @ctin was used as a loading control. N=1.

One of the disadvantages of applying pharmaceutical compounds is that they often have
numerous side effects, mediated by-taffget effects; these compounds can inhibit or
activate many pathways and do effectspecific targets accurately. shRMNANstructs

are a more precise and targeted tool, which is why we are utitizémg in thepresent
project. Thus, possiblyWestern blot analyseshowthatthe knockdown of UNC5B is

the most effective in significant downregulan of p 3 8 ghosplorylation and
downgream HSP2TFigure48B).

Combining together, perhaps, possible mechanisms of communication between MSCs
and AML cells is going via UNC5® 3 athwayin MSCs highlighting that UNC5B
receptor regulates activation pf3 §Rijure49).
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Figure49.Possi bl e me c hpathway megulatiorfin MSEsatH related MSGAML
cell-to-cell communications.Created in Biorender.

6.10 Molecular mechanisms ofp 3 8dependent AML-driven reprogramming of

MSCs: functional assays

6.10.1 Role of identified targets on tumesupporting functions of MSCsgrowth of
AML

To investigate the direct effects of AML growth inhibition by selected compounds, a
modified ceculture protocol was established and utilized. Briefly, human MSCs were

seeded in plage thenthe cells were pretreated witompounds. On the next day,

MOLM13 cells were seeded in -@ulture with MSCs at low density. Plates were

incubated for 10 daysnicrophotographs demonstrates that all selected compounds can
significantly inhibit MOLM13 growth in ceculture with human MSCgrigure 50A).

Cell counting at the end point shows thaddian growth of MOLM13 for ralimetinib is

aAa49%; for wursolic acid a57%; for oleanolic
rhiLl7D-46 2 %; f or ne uédsragaingt t71R&@® 3 &nt if bodi4d MU &16
(Figure50B), suggesting that identified novel compounds targeirdy $athway might

be in principle more specific and effective than ralimetinib itself.
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Figure 50. The results of co-culture experiments between human MSCand human MOLM13
AML cells.

(A) Representative microphotograpt2d0x) of the human coculture experiment witbman MSCs
andMOLM13 on day 10The reduction ithe amount oAML blastson the stromal cell monolayer
in the presence afelected inhibitorss clearly evidenand visible

(B) Cell counting results ofMOLM13 cells, N=3. Statistical significanceoneway ANOVA;
*p < 0.05; **p < 0.01; ***p < 0.001; * % %k %

To confirm thesupportiverole of identified target genes in MS@sAML growth, MSCs

with different genetic modifications were subjected to thewture experiment with
MOLM13 AML cells. The choose of MOLM13 was done because mutation profile of
this cell line is associated wigfoor prognosis and relap&imilarly, coculture protocol

was utilized for this purpose. Briefly, human MSCs were seeded in plates, and then
MOLM13 cells were seeded in @ulture with MSCs at low density. Plates were

incubated ér 10 days, microphotographs demonstrate that genetic modification of
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identified genes can significantly inhibit MOLM13 growth in-calture with human

MSCs (Figure51A). Cell counting at the end point shows that median growth of
MOLM13 on MSCs with shRMWA aSgPaXi nas6tl ¥MA FHKAISA ias
IL7TRU& 38 %, UNC5B 842 %®2(FGuEesiB)f | L17D

A shMAPK14 shIL7R shHAS2
hMSC WT
s shSPX shUNC5B OE-IL17D

Proliferation of MOLM13 on
hMSCs with knockdowns

B 150

100

50—

Relative cell number (%)

Human MSCs with modifications

Figure 51. The results of ceculture experiments between human MSCs with knockdowns of targe
genes and human MOLM13 AML cells.

(A) Representative microphotographs (200x) of the human coculture experiment with human MS
MOLM13 on day 10. The reduction in the amount of AML blasts on the stromal cell monolayer:

knockdown modifications is clearly evident and visible.

(B) Cell counting results of MOLM13 cells, @=One representative graph. Statistical significance
calculated using technical triplicates: emea y ANOVA; *p < 0.05;
***x*xp < 0.0001.
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By employing two approaches pharmacological inhibition and shRNAediated
knockdownof protein targets in MSCswe observe suppression BISC-dependent
AML growth. Using a selective smatholecule inhibitosresult in a significant reduction

in AML proliferation, while shRNA knockdown of the same target produces a similar
effect. Overall, these findings supptatget validation and demonstrates the role of these
targets in MSCs in context of MS@ependent AML growth, making thefeasible

therapeutic targst

6.10.2 Targetingthe @38 pathvayin MSCs impairsthe proliferation of AML cells

Cell cycle analysiss a crucial approach in cancer biology that supports the analysis of
proliferation and growth dataA protocol, established for this projets based on the
incorporation of BrdU into newly synthesisB8IA strands of actively proliferating cells.
When BrdU incorporation assays are combined with DNA dyes such as propidium iodide
(P1), it is possible to resolve cell cycle phases in a given cell population into GO /G1, S,
and G2 /M phases.

For this experiment, human MSCs were seeded in plates, preincubated with compounds,
and then human AML cells were seeded at medium deBsiyl was added on the third
day for three hours followed Istairing with ant-BrdU antibodies an&l and measured

with flow cytometer(Figure52).

Moenoculture +BrDU

e
+/- Inhibitor

Co-culture AnnexinV/ Zombie-NIR

Staining

MSI: +.;\ML
+/- Inhibitor

Figure 52. Scheme of cell cycle analysis experimerGreated in Biorender.

In the current experiment, cell cycle analysis was successfully perfaniecevealed
nonsignificant down or upregulation of Spohase in monoculture of AML celldn
contrast, irco-culture with MSCs, most compounds showed a slight, significant decrease
in the Sphase cell populatigrexcept ralimetinibPossibly, in this model, our identified

compounds demonstrate higher efficacylawnregulating $hase due to unexplained
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synergism inAML cells. That indicates lowered proliferative activity in the treated

cancer cellgFigure53).
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Figure 53. MSC-targeting drugs control cell cycle of AML in co-culture.

A. Common gating strategy for the cell cycle analyBiExamples of plots. - phase is gated, percentag
were taken for the analysis (Pl is propidium iodi@efsraphs, representing the number of cells-ph&se
(in %). Grey color shows no inhibitor treatment, blueibaith respective inhibitor treatment (ralimetinit
oleanolic acid, ursolic acid, aAti7R, rhiIL17D and 4MU treatments). N=1. See supplemdigale S4
for the analysis of KG1la and NB4. Statistical significance was calculated between technical trif

using unpairedt est ; *p < 0.05; **p < 0.01; ***p <

To demonstrate that compounds specifically target MSCs without affecting AML cells
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directly, the same method was used forctdture experiments with WT human MSCs
and MSCs with knockdowns (BtAPK14 shSPX sHJNC5B shL7R, stHAS2 or
overexpression df.17D. These data confirm that targetipg3 aithway in MSCs with
different pharmacological drugsacting upi or downstream ofp 3 8 Hchieves the

same effect: blocking the proliferation of AML cells.
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Figure 54. Knockdowns of identified genes in MSCs lead to downregulation of-ghase in
MOLM13 AML in co -culture with MSCs.

Graphs, representing the number of cells #ph@se (in %). N=1. Statistical significance w

calculated between technical triplicates using unpairtecets t ; *p < 0.05; *

6.10.3 Role of identified targets on tumeupporting functions of MSCs: migration of
AML

Since AML cells tend to localize in bone marrow niches for protection, they are closely
associated with MSCs, endothelial cells, and peritiiggestromal populations. These
niches are rich in chemokines, cytokines, and extracellular matrix components.
Therefore, a migrationof AML cells towards MSCs wasnalysedto assess the
chemotactic behaviour of AML cells in response to stredesived signals. MOLM13

cells were seeded in Boyden’s chambers wittmBpores and were placed in the plate
with seeded MSCHVT or with genetic modification After 3 days migrated into the
plate AML cells were photographed and counted (Figbs8). Knocking down
MAPK14 and SPX genes, or overexpression IL17D, results in about a 50% reduction in
AML cell migration. Conversely, silencing UNC5B in MSCs causes a 64% decrease in
AML cell migration (Figure55B). No effect on migration of AML cells was found for
knock-down of HAS2 and IL7Rin MSCs.
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Figure 55. Genetic modification of MSCs leads to decreased migratory ability of MOLM13 AML
cells.

A. Microphotographs of migrated AML cellB. Results of migrated AML cell countinl=1. Statistical
significance was calculated between technical triplicates:woaey A NOV A *p <
***p < 0.001; ****p < 0.0001.

6.10.4 Role of identified targets on CTL activity

To analyse whetheregetic modificatios of human MSCswith respect to the 3 8 U
pathway can impact thactivity of CTLs, sblines of human MSCs with genetic
modifications were ceultured with MOLM13to collect CM. Activation of human
CD8+ T cells, negatively isolated from PBMCs of healthy donors, was performed in
plates coated with antCD3/CD28.1 antibodies for 2 days in the presence of CM
collected from MSCs, supplemented witt2. Then T cells were transferred to U
bottom platesthe media with CM wagxchanged and T cells were incubated for an
additional 3 daysvith IL2 (Figure 56)
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Surface molecules CD25 and CD69 are surrogate markers of activated CD8 T cells.
Differences in CD69 expression were not observed depending on genetic modification
of MSCs(Figure %C), but CD25 expression on T cells was increasecb-culture of
MOLM13 with MSCs bearing knockdown of all tested identified gedesnonstrating
maximum of T cell activation when hMS€HUNCS5B or hMSGshIL7RU were used
(Figure D).
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