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The STAT3-VDAC1 Axis Modulates Mitochondrial
Function and Plays a Critical Role in the Survival
of Leukemic Stem Cells

Kellen Gil
(Pl: Maria Amaya)



Acute Myeloid
Leukemia

A AML is an aggressive leukemia
A The average age of diagnosis is 69

A Estimated 20,380 new cases of
AML in 2023

A About 11,310 deaths from AML
yearly




Incidence and Prognosis of Acute Myeloid
Leukemia
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Management of Acute Myeloid Leukemia

Remission

Cherry, E et al. Blood Advances 5(24):5565-5573, 2021
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Role of STAT3 In AML

ASTAT3 = transcription factor

Leukemia stem cell

AKnown to regulate glutamine
uptake via MYCSLC1AS5

Mitochondria

ARegulates Oxidative
Phosphorylation

/

AAlso known to transport to the
mitochondria directly, signaled
by pSTAT3 S727

Amaya M.L., et alBlood2022; 139 (4): 582696.



Current Work

AlMs

ADetermine how mitochondrial STAT3 modulates mitochondrial
metabolism in AML

A2 JqlJl G RUWDWEN NOkt WRUqWUI ¢HaqRYULWs

ADetermine the therapeutic potential of targeting STAT3 in AML



Results

STAT3 expression and inhibition
Phosphorylated STAT3 (pSTAT3)

translocates to the mitochondria
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Results
Mitochondrial STAT3 interacts with Voltage Dependent Anion CHa(WiBIAC1)
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Results
Mitochondrial STAT3 interacts with Voltage Dependent Anion CHa(WiBIAC1)
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Results
Mitochondrial STAT3 interacts with Voltage Dependent Anion CHa(WiBIAC1)
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Physiologic roles of VDAC1

Metabolism lons flow ROS signaling Apoptosis
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OCR (pmol/min)

STAT3 and VDAC1 affect energy metabolism in leukemic cells
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Physiologic roles of VDAC1
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Results
STAT3 and VDACI1 inhibition decreases mitochondrfal Ca
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Results
STAT3 and VDACI1 inhibition decreases mitochondrfal Ca
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Results
STAT3 and VDACI1 inhibition decreases mitochondrfal Ca
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Physiologic roles of VDAC1
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Results
STAT3 inhibition increases mitochondrial ROS

4.0K —

3.0K —

Count

MitoSox MitoSox

STATS3 inhibition VDACL1 inhibition
increases A § E B does not change ROS



Results
Mitochondrial changes with STAT3 and VDACL1 inhibition
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Results
STAT3 and VDACL1 inhibition disrupt mitochondrial dynamics
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Results
Mitochondrial changes with STAT3 and VDACL1 inhibition
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Results
STAT3 and VDACL1 inhibition decrease viability and impair engraftment potential

In vitro treatments
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Results
STAT3 and VDACL1 inhibition decrease viability and impair engraftment potential

Ex vivo PDX mouse models
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Results
STAT3 and VDACL1 inhibition decrease viability and impair engraftment potential

Ex vivo PDX mouse models
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Results

STAT3 and VDACL1 inhibition decrease viability and impair engraftment potential
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Conclusions

A STAT3 is prominently expression in AML and phosphorylation triggers mitochondrial localization

A STAT3 interacts with VDACL1 in the mitochondria, a novel proteprotein interaction

A Inhibition of STAT3 and VDAC1 results i Physiologic Conditions STAT3 Inhibition
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Future Directions

ASTAT3 Kl mouse experiments
ARecapitulation with9 A f E ABTAT3 S727 cell lines

Alnvestigation of other STAT3 associated proteins
AANT2
A Cyclophilin D

AStudying role in mitochondrial Permeability Transition Pore
(MPTP)
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Background: Fetal Growth Restriction

A Fetal weight below the 10t percentile

A Affects 3-10% of pregnancies and
accounts for nearly 50% of stillbirths

A High rate of perinatal morbidity/mortality

A Associated with cognitive and
developmental delays

A Annual US healthcare cost > $15 billion
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Background

A Placental pathology demonstrates
. . Control
reduced feto-placental angiogenesis

In FGR

A microRNAs (miRNAS) within the fetal
growth restricted placenta have

altered levels of expression
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Background

MRNA

A microRNA

Suppression

Ribosome microRNA

W’i{

Degradation

miICroORNA mMRNA
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Background

Extracellular Vesicles
Intracellular Effects
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Background

Pregnant Mouse

Extracellular
Vesicles

microRNA

: / \ 50% Maternal
Normal Diet Nutrient
! hTSC
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Hypothesis

We hypothesize that nutrient restriction in trophoblasts
(hTSCs) simulate the release of EV-miRNAs that
communicate with placental endothelial cells to suppress
angiogenesis
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Methods

Human
Trophoblast
Stem Cells
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50% Nutrient
Restricted
Media
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Methods
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Results

Il n 8 ANASI mpleo Stepse
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Step 1: Confirm Nutrient Restriction Model
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Step 2: Characterization of Extracellular Vesicles

A
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Step 3: MRNA seq of HUVECs + EVs
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Step 3: MRNA seq of HUVECs + EVs

Downregulated Pathways Targeted by HUVECs Exposed to Nutrient-Restricted vs Nutrient
Complete hTSC EVs
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Step 4. mIRNA seq of EVs
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Step 5: MRNA seq of HUVECs + mIiR
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Step 5: mRNA seq of HUVECs + mIR  -141-3p
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Step 6: Mechanistic Study - Tube Formation Assay
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Step 6: Mechanistic Study - Tube Formation Assay
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Step 7: Targeted Gene Study
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Step 7: Targeted Gene Study - Dual Luciferase Assay

Effects of miR-141-3p on Luciferase Activity of YAP-1 UTR

3- p=0.0518
™! =
) w
miRNA-141-3p %
o 2'
<
\ Mechanistic & Targeted 2
Gene Studies E
Q
- Tube Formation Assay %
- Dual Luciferase Assay £ 1-
2
g 0 WT WT + miR
(J Affiliated with
‘*Children’s Hospital Colorado University of Colorado Plasmid Type
® Here, it's different.” Anschutz Medical Campus




Step 8: Targeted Gene Study - YAP-1 ELISA & Western

YAP-1 Protein Concentration
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Conclusions

- Nutrient-restriction in hTSCs stimulates the release of EVs with
upregulated miR-141-3p
- Endothelial cell exposure to nutrient-restricted hTSC EVs and miR-
141-3p
- Downregulate pathways essential to angiogenesis
- Reductions in YAP-1 gene expression, a potential mechanism
- mIiR-141-3p decreases in vitro tube formation of endothelial cells
- Endothelial cell exposure to miR-141-3p demonstrates diminished
YAP-1 protein expression
- Additional studies needed to confirm specific targeting

@ Affiliated with
‘¥Chi|dren’s Hospital Colorado University of Colorado
® Here, it's different.” Anschutz Medical Campus




Future Directions

- Mouse blastocyst with upregulated miR-141-3p

- Nutrient restriction in early placental organoids
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Concurrent changes in macrophage and T cell
subsets over time In murine obstructive
cholestasis suggest interplay between
macrophage and T cell function in promotion
of hepatic injury

Lauren (Lo) Maloney, MD
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Background: Biliary Atresia (BA)
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Liver biopsy from an infant with BA at diagnosis that underwent liver transplant
before 2 years of age. Histologic findings include expansion of the portal tract with
stromal edema, prominent fibrosis, bile duct proliferation (black arrows), and bile

plugs (white arrows).
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Background: immunology
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Unique tolerogenic microenvironment of the liver A impairedin
disease

Oligoclonal expansion of T & B cells in cholestatic injury =
supports presence of antigendriven immune stimulation to
autoantigens

Impaired function of Tregs & Th1l dominant immune responsein
mostinfantsearlyin diseasdnavebeenshownin BA.

Recentwork from Taylor lab A macrophage heterogeneity in
neonatal murine models of obstructive cholestasis reduction in
immune regulatory function of hepatic macrophagesin cholestatic
modelscomparedto non-diseasednice.



Background: BA model
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cells/g liver

Macrophages
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Conclusions and Future Directions

A In a murine BDL model of obstructive cholestasis, at POD 3 the cholestatic group has significantly

more CD8 and CD4 T cells, although fewer FoxP3 T regulatory CD4 t cells than baseline or sham
surgical condition.

A At POD 7 the sham surgical group demonstrates shift in T cell compartment closer to baseline, while
the cholestatic group shows persistent decrease in CD4/CD8 ratio compared to baseline.

A At POD 3 animals who underwent BDL have significantly tissue resident macrophages and those of
inflammatory phenotype than sham or baseline groups. At POD 7, cholestatic mice demonstrate
persistent inflammatory macrophage phenotype and increased number of MHC2 positive
macrophages, indicating an increase in antigen presentation compacities.
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Background

A Biliary atresia (BA) is the most common
Indication for pediatric liver transplantation (LT)

A Restoration of bile flow with Kasai
portoenterostomy is crucial

A Characterized by cholestatic liver injury with
cellular apoptosis and immune cell recruitment
(l.e., macrophages [M f s])
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