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Abstract

Primary resistance to hypomethylating agents (HMAs) remains a major obstacle
in the treatment of elderly patients with myelodysplastic syndromes (MDS) and acute
myeloid leukemia (AML). An altered integrity of the vascular wall is suspected to
contribute to this resistance, yet the underlying molecular mechanisms remain unclear.
Here, we show that small extracellular vesicles (SEVS) derived from leukemic cells
resistant to decitabine (DAC-R), a commonly used HMA, promote vascular
permeability by downregulating tight junction proteins, including ZO-1, occludin, and
claudin5, in endothelial cell monolayers. This disruption of vascular integrity may
facilitate vascular leakage and leukemic cell dissemination. Mechanistically, DAC-R
cells exhibit increased expression of the fucosyltransferase FUT4, driven by the
transcription factor TWISTL1, leading to enhanced biosynthesis of non-sialylated Lewis
X (Le) structures. FUT4-mediated Le* modification stabilizes intercellular adhesion
molecule 3 (ICAM3) on sEVs, and the delivery of Le*-modified ICAM3 to endothelial
cells suppresses NF-kB signaling, impairing endothelial barrier function. Functionally,
vascular remodeling driven by fucosylated sEVs promotes leukemic dissemination,
suggesting that disruption of vascular homeostasis represents an additional layer of
therapeutic resistance. These findings define a TWIST1-FUT4-Le*~ICAM3 axis and
highlight glycosylation as a critical mediator of vascular microenvironment remodeling

in MDS/AML.
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Introduction

Primary resistance to hypomethylating agents (HMAs) such as
5-aza-2'-deoxycytidine (decitabine, DAC) represents a major obstacle to the
treatment of elderly patients with myelodysplastic syndromes (MDS) and acute
myeloid leukemia (AML). *® Leukemic cells that are refractory to the epigenetic and
cytotoxic effects of the drug rapidly expand, leading to death. These refractory cells
modulate the bone marrow niche, establishing a protective microenvironment that
further promotes their survival and expansion under therapeutic pressure.® One of
their targets is the vascular endothelium in which alteration of endothelial cell
functions increases vessel permeability.” Small extracellular vesicles (SEVs) have
emerged as key mediators in this dialogue between leukemic cells and their
microenvironment as they facilitate the transfer of diverse molecules from one cell
type to another.®’

One of the features of sEVs that contribute to their biological effects is their
glycosylation profile. This crucial post-translational modification affects the folding,
trafficking, stability, and activity of multiple glycoproteins. Accordingly, cancer initiation
and progression, angiogenesis, invasion, metastasis, and chemoresistance were all
associated with abnormal expression of glycosyltransferase enzymes and
characteristic glycosylation profiles. For example, therapeutic resistance of chronic
myeloid leukemia cells was related to the downregulation of ST3GAL4, which
encodes an enzyme of the B-galactoside-a2,3-sialyltransferase family,® while the

resistance of AML cells to cytotoxic drugs was associated with overexpression of the



glycosyltransferase ALG9 in leukemic cells.® Importantly, the glycosylation profile of
sEVs reflects that of donor cells and significantly influences their biological effects.
For example, sEVs decorated with sialyl-Lewis * (sLe*) facilitate bladder cancer
metastasis by increasing vascular permeability,'® whereas elevated bisecting GIcNAc
modifications on sEVs derived from breast cancer cells mitigate their pro-metastatic
potential.™

Our previous studies involved the interaction of the transcription factor TWIST1
with DNA methyltransferases 3 (DNMT3)*? and the cellular transfer of miR-4755-5p in
leukemic cell resistance to DAC.'® The contribution of the glycosylation profile of
leukemic cells and their sEVs to this resistance remained poorly explored. Here, we
show that DAC-resistant MDS/AML cells demonstrate TWIST1-driven overexpression
of the fucosyltransferase encoding gene FUT4, which promotes protein modifications
with Lewis * (Le™) structures. In turn, SEVs expressing Le*-modified proteins such as
ICAM-3 compromise endothelial integrity, increase vascular permeability and favor
leukemic cell homing. These findings provide new insights into interactions between
leukemic cells that are resistant to HMAs and surrounding vessels.

Methods

Patient samples

Plasma samples from healthy individuals (HD) and MDS/AML patients who are
sensitive to DAC treatment (DAC-S group) or are refractory to DAC treatment
(DAC-R-group) were collected from People's Hospital of Shaanxi Province (Tab. S1).

Blood samples were collected into precoated EDTA tubes and immediately



centrifuged at room temperature for 15 min at 2000 g, and plasma samples were

collected and frozen at — 80 °C until further use Written informed consent was

obtained from all patients in accordance with the Declaration of Helsinki. The study

was approved by the Medical Ethics Committee of Northwest University (approval

number: 230306006, 6 March 2023).

In vivo mouse model

All mouse experiments were approved by the Animal Care and Use Committee of
Northwest University (approval number: NWU-AWC-20231202M, 2 December 2023).
Briefly, 6~8-week-old B-NSG mice (NOD-PrkdcscidIL2rgtm1/Bcgen, NSG; Biocytogen
Pharmaceuticals, Beijing, China) were irradiated with 3Gy., followed by tail vein
injection of 10’ KG1a or KG1a-DAC cells. After 16 h, mononuclear cells in blood, bone
marrow, and spleen stained with antibody against human CD45 (#561865, BD
Biosciences; Franklin Lakes, NJ, USA) and the percentages of human CD45+ cells
were analyzed by FACS.

For sEVs pre-conditioned mice, seVs (50 ug in 100 yL PBS) from HD, KGla,
KG1la-FUT4, KGla-DAC, KGla-DAC-shFUT4 were i.v. injected into NSG mice three
times per week for two weeks, and then irradiated with 3Gy., followed by i.v. injected
of 10’ KG1a cells. The percentages of human CD45+ cells in blood, bone marrow,
and spleen were analyzed by FACS.

Statistical analysis

Each experiment was performed at least three times. Prism 8.0 Statistical

Software program (GraphPad Software; La Jolla, CA, USA) was used for statistical



analysis. Intergroup means were compared using Student’s t-test, and multiple group
comparisons were evaluated by one way ANOVA with Bonferroni’s post hoc test. Data
are presented as mean + SEM. Differences at p<0.05 were considered statistically
significant. *, p < 0.05; **, p < 0.01; **, p < 0.001.
Results
Decitabine (DAC) resistant leukemic cells increase endothelial permeability

We first performed a xenotransplantation experiment in which KGla parental
cells and DAC-resistant (KG1la-DAC) cells were injected intravenously to irradiated
B-NSG mice. Sixteen hours after injection, the fraction of KGla-DAC cells was lower
in the peripheral blood while being higher in the bone marrow and the spleen when
compared to KGla parental cells (Fig. 1A). One of the features associated with
chemoresistance of MDS/AML is an increased vascular permeability that may
promote leukemic cell homing. **** Accordingly, in co-culture experiments performed
in a transwell device, KGla-DAC cells increased the permeability of HUVEC
monolayers (Fig. S1A). In accordance with the role of cell-cell junctions in
endothelium permeability,"® immunoblot analyses detected a decreased expression of
Z0-1, occludin and claudin5 in HUVECs co-cultured with KGla-DAC compared to
KG1la cells (Fig. S1B).

Interestingly, a similar decrease in the expression of ZO-1, occludin and claudin5
was detected in HUVECs co-cultured for 48 hours with plasma collected from
MDS/AML patients refractory to DAC (DAC-R), as compared to plasma collected from

patients sensitive to the drug (DAC-S) and healthy donor (HD) plasma (Fig. 1B).



Plasma collected from MDS/AML patients who responded to DAC was observed to
increase the trans-endothelial migration of GFP-labeled KG1la cells (Fig. 1C), the
permeability of HUVEC monolayers to rhodamine (Fig. 1D) and the formation of tubes
(Fig. 1E, S1C). All these effects were amplified when plasma was collected from
MDS/AML patients who did not respond to DAC (Fig. 1C-E, S1C). Similar results
were observed when HUVEC monolayers were treated with conditioned media (CM)
collected after 48 hours of culture of KG1la-DAC, compared to KG1a-CM collected in
the same conditions (Fig. S1D-G).
Small extracellular vesicles released by myelodysplastic syndromes and acute
myeloid leukemia (MDS/AML) cells impair the endothelial barrier

Recognizing the pivotal role of sEVs in facilitating metastasis by compromising

vascular integrity,* *’

we performed ultracentrifugation to sort seVs from KG1la and
KG1la-DAC CM. These sEVs exhibited a typical spherical shape (Fig. S2A&B), a
consistent size distribution peaking at approximately 100 nm (Fig. S2C&D), and a
strong expression of canonical SEVs markers such as CD63, Alix, and Tsg101 (Fig.
S2E&F).

Treatment of HUVEC monolayers with sEVs derived from KGla-DAC-CM
resulted in a significant decrease in ZO-1, occludin, and claudin5 expression (Fig. 2A),
increased permealbility (Fig. 2B), and enhanced tube formation (Fig. 2C) compared to
sEVs collected from KG1la-CM. Consistent with these observations, HUVEC

monolayers exposed to plasma sEVs collected from DAC-R patients exhibited a

significant reduction in ZO-1, occludin, and claudin5 (Fig. 2D), increased permeability



(Fig. 2E), and enhanced tube formation (Fig. 2F, S2G) when compared to those
treated with plasma sEVs collected from HD and DAC-S patients.

Small extracellular vesicles (SEVs) released by decitabine (DAC)-refractory
leukemic cells demonstrate aberrant fucosylation

We previously reported the aberrant glycosylation pattern of sEVs released by
resistant leukemic cells.'® Because patient plasma contains a mixture of vesicular and
non-vesicular glycoconjugates, we next analyzed plasma N-glycan composition by
MALDI-TOF/TOF-MS (Fig. S3A-C, Tab. S4) to obtain an overview of systemic
glycosylation changes among HD, DAC-S, and DAC-R patients. This global analysis
suggested increased fucosylation in the plasma collected from DAC-R patients (Fig.
S4A-C). In parallel, we isolated sEVs from the KGla and KGla-DAC cells,
respectively, and performed MALDI-TOF/TOF-MS-based N-glycomic profiling.
Consistent with the plasma analysis, sEVs derived from KGla-DAC exhibited an
overall increase in fucosylated N-glycans (Fig. S4D&E, Tab. S4).

And then we performed lectin blot assays using Lens Culinaris Agglutinin (LCA)
and Aleuria Aurantia Lectin (AAL), which specifically recognize core al,6-fucose and
terminal al,3/al,4/al,6-fucose, respectively. Both LCA and AAL signals were
increased in sEVs from DAC-R patients compared with DAC-S, with AAL signal being
the highest signal (Fig. 3A). Consistently, the Lectin-based ELISA assay
demonstrated increased AAL plasma levels (Fig. S4F), which were also detected in
sEVs (Fig. 3B) when collected from the plasma of DAC-R compared to DAC-S

patients and from HD. In line with patient findings, AAL reactivity was strongly



enhanced in KG1a-DAC cells and their seVs (Fig. 3C&D).

Fucosyltransferase (FUT) genes encode enzymes that transfer an L-fucose
sugar from a GDP-fucose (guanosine diphosphate-fucose) donor substrate to an
acceptor substrate. RT-gPCR analyses detected an increased expression of several
genes of the FUT family, including FUT3, FUT4, FUT6, FUT7 and FUTS, in
KG1a-DAC cells compared to KGla parental cells, contrasting with a significant
decrease in the expression of FUT5 and FUT9 genes (Fig. 3E). Among these genes,
we selected FUT4 gene whose expression was the highest detected in resistant cells
(Fig. S4G).

Lewis* enhances leukemic cell homing and vascular permeability

FUT4 encodes a fucosyltransferase that primarily catalyzes the biosynthesis of
non-sialylated Lewis® (Le*, also known as CD15) (Fig. 4A). Le* is expressed on a
variety of glycolipids and glycoproteins on the cell surface of neutrophils, monocytes,
eosinophils and non-hematopoietic tissues, and in our system was abolished by
PNGase F treatment (Fig. S4H)." Le* levels were markedly increased in SEVs
isolated from DAC-R patient plasma compared with DAC-S and HD samples (Fig.
S4l). Compared to KG1a parental cells, Le* expression was increased at the surface
of KGla-DAC (Fig. 4B, S4J) as well as in their derived sEVs (Fig. 4B). We
overexpressed FUT4 gene in KG1a cells (designated as KGla-FUT4), which resulted
in a significant increase in Le* levels (Fig. 4C), A similar trend was also observed in
the corresponding seVs (Fig. 4C). Treatment of HUVEC monolayers with SEVs or CM

from KGla-FUT4 cells reduced ZO-1, occludin, and claudin5 expression (Fig. 4D,



S5A), along with increased permeability (Fig.4E, S5B&C).

In contrast, knockdown of FUT4 in KGla-DAC cells (KGla-DAC-shFUT4)
significantly decreased Le* levels in both cells and derived SEVs (Fig. S5E&F).
Treatment of HUVEC monolayers with sEVs or CM from KGla-DAC-shFUT4 cells
upregulated ZO-1, occludin, and claudin5 expression (Fig. S5G&H), and decreased
permeability (Fig. S51&J). Furthermore, sEVs or CM from KGla-FUT4 cells enhanced
tube formation (Fig. 4F&S5D), while KG1la-DAC-shFUT4 sEVs or CM reduced it (Fig.
S5K&L). Furthermore, treatment of HUVECs with OptiPrep-purified sEVs from
KG1a-DAC or KGla-FUT4 cells reduced ZO-1, occludin, and claudin5 expression,
while KGla-DAC-shFUT4 sEVs restored them (Fig. S5M), confirming the
sEVs-specific endothelial effects.

Next, we investigated whether Le* promotes leukemic cell homing by enhancing
vascular permeability. NSG mice were preconditioned with seVs from HD, KGl1a,
KGla-DAC, KGla-FUT4, or KGla-DAC-shFUT4 cells, followed by intravenous
injection of KG1la cells (Fig. 4G, S5N). Mice pretreated with HD-sEVs showed no
significant enhancement of leukemic cell homing, as indicated by higher levels of
circulating hCD45* cells and fewer cells in bone marrow and spleen compared with
the KGla-seVs group (Fig. S5N). In contrast, KGla-DAC-seVs and
KG1la-FUT4-sEVs significantly increased KG1a cell homing to the bone marrow and
spleen, accompanied by fewer circulating cells in peripheral blood. Conversely,
KG1la-DAC-shFUT4-sEVs reduced KGla cell homing to the BM and spleen, with

more cells being retained in the peripheral blood (Fig. 4G).



Enhanced vascular permeability involves TWIST1-driven Fucosyltransferase 4
(FUT4) gene expression

Since we previously associated MDS/AML cell resistance to DAC with an
elevated expression of TWIST1,'? a basic helix-loop-helix transcription factor, we
explored TWIST1 impact on FUT4 gene expression and Le* level. TWIST1 was
overexpressed in KGla (KGla-TWIST1) (Fig. 5A, S6A) and was stably knocked
down in SKM1(SKM1-shTWIST1) (Fig. S6B&C), an MDS cell line that spontaneously
expresses high levels of TWIST1. When HUVEC monolayer was incubated with CM
from KG1la-TWIST1 cells, we observed a decrease in ZO-1, occludin, and claudin5
expression (Fig. 5B), an increased permeability (Fig. 5C) and an enhanced tube
formation (Fig. 5D). In contrast, CM from SKM1-shTWIST1 cells increased ZO-1,
occludin, and claudin5 expression (Fig. S6D), decreased permeability (Fig. S6E&F),
and reduced tube formation (Fig. S6G).

TWISTL1 binds preferentially to E-box DNA promoter sequences (-CANNTG-) in
target gene promoters.?>?* Analysis of the FUT4 promoter (-2.0 kb) identified seven
E-box motifs (Fig. S6H). ChIP assays revealed a strong binding of TWIST1 to motifs 1,
2, and 7 while binding to motifs 3, 4, 5, and 6 was weak (Fig. 5E). A luciferase reporter
assay confirmed that TWIST1 overexpression strongly enhanced FUT4-WT promoter
activity, whereas mutation of the first E-box motif (FUT4-M1) markedly reduced
TWIST1-mediated transactivation (Fig. 5F, S6l). These findings demonstrate that
TWIST1 enhances FUT4 gene transcription by binding to the first E-box motif of its

promoter.



Intercellular adhesion molecule 3 (ICAM3) identified as key Lewis*-modified
protein

Using quantitative proteomic analysis, we identified differentially expressed
proteins in KGla, KGla-FUT4, KG1la-DAC, and KGla-DAC-shFUT4 cells. A total of
77 proteins were differentially expressed (fold change >1.5 or <0.67; p < 0.05) across
these groups (Fig. 6A). Notably, intercellular adhesion molecule 3 (ICAM3), a key
adhesion molecule involved in promoting angiogenesis, was significantly increased in
KG1la-DAC and KGla-FUT4 while being decreased in KGla-DAC-shFUT4 (Fig. 6B).
Immunoprecipitation (IP) assay confirmed enhanced Le* modification on ICAM3 in
KGla-DAC and KGla-FUT4 cells, whereas this modification was reduced in
KG1la-DAC-shFUT4 cells (Fig. 6C). Consistently, the presence of ICAM3 on sEVs
was clearly revealed by density gradient fractionation (Fig. S7A). Additionally, ICAM3
and Le” expression was upregulated in SEVs from KG1a-DAC and KGla-FUT4 cells,
but downregulated in sEVs from KG1la-DAC-shFUT4 (Fig. S7B&C). Inhibiting protein
synthesis with cycloheximide (CHX) revealed slower degradation of ICAM3 in
KG1la-FUT4 cells compared to KGla cells (Fig. S7D). Further study demonstrated
that Le* modification stabilizes ICAM3 by inhibiting its degradation via the lysosomal
pathway (Fig. S7E).
Lewis* -modified intercellular adhesion molecule 3 (ICAM3) enhances vascular
permeability via NF-kB signaling

Since the transcription factor NF-kB regulates the expression of genes that

modulate the vascular barrier,”® we treated HUVEC monolayers cells with the NF-kB



signaling inhibitor BAY-11-7082, which decreased the expression of ZO1, occludin,
and claudin5 (Fig. S7TF&G). Conversely, stimulation of HUVEC monolayers with
phorbol 12-myristate 13-acetate (PMA), an activator of NF-kB signaling, led to
increased phosphorylation of P65 and IkBa and a time-dependent increase in ZO-1,
occludin, and claudin5 expression (Fig. S7H&I). Furthermore, treatment of HUVEC
monolayers with sEVs from KGla-DAC or KGla-FUT4 reduced phosphorylation of
p65 (p-p65) and IkBa (p-IkBa) levels in these cells, while sEVs from
KG1la-DAC-shFUT4 enhanced NF-kB activation (Fig. S7J). In HUVEC monolayers,
treatment with sEVs from KGla-DAC or KGla-FUT4 significantly downregulated
p-p65 and p-lkBa signaling and reduced the expression of ZO-1, occludin, and
claudin5, while these effects were partly reversed by anti-human ICAM3 antibody
treatment (Fig. 6D, S8A). These sEVs also increased permeability and tube formation
and these effects were mitigated by a-ICAM3 treatment (Fig. 6E&F, S8B-D).
Conversely, seVs from KGla-DAC-shFUT4 enhanced p-p65 and p-IkBa signaling,
increased ZO-1, occludin, and claudin5 expression, and reduced permeability and
tube formation in HUVECSs. These effects were partly reversed by recombinant ICAM3
protein (rICAM3) (Fig. S8E-H). Finally, stable overexpression of ICAM3 gene in
HUVECs (HUVEC-ICAM3) led to reduced phosphorylation of p65 and IkBaq,
accompanied by decreased expression of ZO-1, occludin, and claudin5 (Fig. S81&J),
which was associated with an increased permeability of HUVEC monolayer (Fig.
S8K&L) and an enhanced tube formation (Fig. S8M).

Discussion



Primary resistance of leukemic cells to HMAs, which is observed in ~50% of
elderly patients with MDS or AML, remains a therapeutic challenge. The present study
deciphers a pathway by which leukemic cells modulate their glycosylation profile and
release sEVs that alter surrounding endothelial cell functions, leading to the disruption
on vascular wall integrity with increased permeability and enhanced leukemic cell
homing. Such a toxic interaction between leukemic cells and their microenvironment
may contribute to therapeutic resistance.

The blood vessel endothelium integrity serves as a barrier that regulates
hematopoietic cell migration into tissues.”® Leukemic cells actively remodel their
microenvironment by disrupting vascular integrity, thereby facilitating their homing to
tissues and promoting their survival. > Recent studies have highlighted the role of
leukemic cell-derived sEVs in mediating interaction between leukemic cells and their
microenvironment, especially in the bone marrow niche.* sEVs from drug resistant
malignant cells were shown also to generate pre-metastatic niches into distant tissues
by promoting vascular development and permeability to facilitate tumor cell
dissemination.”> ?* Examples include SEVs generated by glioma stem cells that
promote angiogenesis through activating the VEGF/VEGFR2 signaling pathway,?’
and cancer cell-derived sEVs that enhance tumor vascularization and trigger stroma
remodeling through promoting CXCL8 secretion by mesenchymal stem cells.”® We
demonstrated recently that extracellular vesicles released from KGla-DAC promote
DAC-resistant through miR-4755-5p that reduces the expression of cyclin-dependent

kinase inhibitor 2B (CDKN2B) in KG1a cells.”®* In the present study, we show that



SEVs released by DAC resistant leukemic cells, which exhibit elevated homing ability
in a xenotransplantation mouse model, downregulate tight junction-associated
proteins to increase vascular permeability.

We have shown previously that glycosylation modifications detected on leukemic
cell derived sSEVs contribute to reshaping their microenvironment.*® Our glycomic
analyses identify a significant upregulation of terminal fucosylation in DAC-R patients.
More precisely, we found elevated levels of Le* in SEVs collected from DAC-R plasma,
highlighting the potential role of FUT4-driven fucosylation in therapy resistance. Such
an increased FUT4-driven fucosylation was previously detected in AML stem cells,?
and in metastatic colorectal cancer cells.*

Upstream of FUT4 gene up-regulation, we identify TWIST1, an oncogenic
transcription factor whose increased expression was depicted in chronic myeloid
leukemia cells and involved in their resistance to the tyrosine kinase inhibitor
imatinib.®* TWIST1 expression was also detected in some MDS/AML cell lines and its
overexpression was related to leukemogenesis and drug resistance, including
resistance to DAC.*? The present study identifies one of the seven E-box depicted
within FUT4 gene promoter as the primary binding site for TWIST1.

Downstream of FUT4 overpression, our quantitative proteomic analysis identifies
ICAM3 as a Le“modified protein in DAC-resistant leukemic cells.
Immunoprecipitation (IP) confirmed Le* modification on ICAM3 in KG1a-DAC and
KGla-FUT4 cells while this modification was decreased in KGla-DAC-shFUTA4.

Mechanistically, Le* modification could stabilize ICAM3 by preventing its lysosomal



degradation. ICAM3 was shown to play a role in inflammatory signaling, cancer cell
stemness and vascular permeability.* ** Increased ICAM3 delivery through leukemic
cell-derived sEVs to endothelial cells may inhibit NF-kB signaling, thereby disrupting
vascular permeability,?* thereby promoting MDS/AML cell tissue migration (Fig. 7). In
line with this, our results show that FUT4-high sEVs suppress NF-kB activation by
lowering p65 and IkBa phosphorylation in HUVECSs, consequently downregulating
tight junction proteins ZO-1 and occludin and compromising endothelial barrier
integrity.

Together, this work deciphers a mechanism by which MDS/AML cells that are
refractory to DAC release extracellular vesicles expressing modified proteins that
reshape their microenvironment by increasing vascular permeability and leukemic cell
migration into tissues. If this reshaped microenvironment affords stimulatory signaling
that further enhance leukemic cell resistance to DAC and other anti-leukemic drugs,
disruption of this stimulatory signaling may improve their therapeutic efficacy. In this
context, therapeutic strategies aimed at inhibiting FUT4 activity or blocking Le*
modification of ICAM3 may serve as promising adjuncts to HMAs, with the potential to
normalize endothelial barrier function, limit leukemic cell homing, and reduce

microenvironmental protection.
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Figure legend

Fig. 1 The effect of decitabine (DAC) resistance on leukemic cell homing and
endothelial permeability

(A) Xenotransplantation model. Mice were irradiated (3 Gy) and injected intravenously
with KG1a or decitabine-resistant KG1la cells (KGla-DAC). Human CD45* cells were
guantified in blood, bone marrow, and spleen 16 h after injection (n = 6 mice per
group). (B) Immunoblot analysis of tight junction proteins in human umbilical vein
endothelial cells (HUVECS) incubated with plasma collected from healthy individuals
(HD) and myelodysplastic syndromes/acute myeloid leukemia (MDS/AML) patients
who were sensitive to decitabine (DAC) treatment (DAC-S) or refractory to DAC
treatment (DAC-R). (C, D) HUVEC permeability to green fluorescent protein—positive
(GFP") KG1la cells and rhodamine B-labeled dextran were examined after 48 h
incubation with plasma from HD, DAC-S, and DAC-R MDS/AML patients. (E)
Angiogenesis metrics, including junction count and total branching length, were
guantified in HUVECSs treated with the indicated plasma. Plasma samples: HD (n=15),
DAC-S (n=15), DAC-R (n=15). Data are mean + SEM; experiments were repeated
three times with similar results. *P<0.05; **P<0.01; ***P<0.001.

Fig. 2 The effect of small extracellular vesicles (SEVs) released by decitabine
(DAC)-resistant cells on leukemia cell homing and endothelial permeability

(A) Immunoblot analysis of tight junction—related proteins in HUVECs after exposure
to seVs from KGla or KGla-DAC. (B) HUVEC permeability after exposure to the

indicated sEVs. (C) Angiogenesis metrics, including junction count and total



branching length, were quantified in HUVECs treated with the indicated sEVs. (D)

Expression of tight junction—related proteins in HUVECSs after exposure to sEVs from

healthy individuals (HD) and myelodysplastic syndromes/acute myeloid leukemia

(MDS/AML) patients who were sensitive to DAC treatment (DAC-S) or refractory to

DAC treatment (DAC-R). (E) HUVEC permeability after exposure to the indicated

sEVs. (F) Angiogenesis metrics, including junction count and total branching length,

were quantified in HUVECs treated with the indicated sEVs. Plasma-derived sEV

samples: HD (n=10), DAC-S (n=10), DAC-R (n=10). Data are mean + SEM,;

experiments were repeated three times with similar results. *P<0.05; **P<0.01;

***P<0.001.

Fig. 3 Analysis of fucosylation and fucosyltransferases (FUTS) expression in

myelodysplastic syndromes/acute myeloid leukemia (MDS/AML) patients who

were sensitive to decitabine (DAC) treatment (DAC-S) or refractory to DAC

treatment (DAC-R)

(A) Lectin blotting analysis of core fucose (LCA) and terminal fucose (AAL) in

plasma-derived small extracellular vesicles (sEVs) from HD, DAC-S and DAC-R

patients; band intensities were normalized to TSG101. (B) Relative levels of AAL on

sEVs determined by ELISA. (C, D) Lectin blotting analysis of LCA and AAL in KG1a,

KG1a-DAC cells and their derived sEVs; band intensities were normalized to GAPDH

(cell lysates) or TSG101 (sEVs), as indicated. (E) Relative expression of FUTs in

KGla and KGla-DAC measured by quantitative reverse transcription PCR

(gRT-PCR). Plasma-derived seV samples: HD (n=15), DAC-S (n=15), DAC-R (n=15).



Data are mean = SEM; experiments were repeated three times with similar results. ns,
not significant; *P<0.05; **P<0.01; ***P<0.001.

Fig. 4 Impact of Lewis™ (Le*) expression on leukemic cell homing and vascular
permeability

(A) Schematic illustration of Le* and FUT4-mediated Le* modification. (B) Le*levels in
KG1la and KGla-DAC cells and their derived small extracellular vesicles (SEVs). (C)
Fucosyltransferase 4 (FUT4) expression and Le* levels in KG1la cells overexpressing
FUT4 (designated as KGla-FUT4) and their sEVs. (D) Tight junction—related proteins
in HUVECSs treated with seVs from KGla and KGla-FUT4. (E) HUVEC permeability
and leukemic cell transendothelial migration after treatment with sEVs from KG1a or
KG1la-FUT4. (F) Angiogenesis metrics, including junction count and total branching
length, were quantified in HUVECSs treated with sEVs from KGla or KGla-FUT4. (G)
Schematic of the xenotransplantation mouse model and quantification of human
CD45" cells in blood, bone marrow, and spleen. Data are mean + SEM; experiments
were repeated three times with similar results. *P<0.05; **P<0.01; ***P<0.001.

Fig. 5 TWIST1 activated fucosyltransferase 4 (FUT4) transcription

(A) Expression of FUT4, TWIST1 and the levels of Le® in KGla and KGla cells
overexpressing TWIST1 (KG1la-TWIST1). (B) Tight junction—related proteins and (C)
HUVEC permeability and leukemic cell transendothelial migration after treatment with
conditioned medium (CM) from KGla or KG1la-TWIST1 cells. (D) Angiogenesis
metrics, including junction count and total branching length, were quantified in

HUVECSs treated with CM from KG1la or KG1la-TWIST1 cells. (E) ChlIP analysis of



TWISTL1 binding to E-box motifs within the FUT4 promoter (0—2000 bp). GAPDH was
used as negative control. (F) Dual luciferase assay of TWIST1 binding to wild-type
and mutant E-box motifs. Data are mean + SEM; experiments were repeated three
times with similar results. ns, not significant; *P<0.05; **P<0.01; **P<0.001.

Fig. 6 Effects of Lewis* (Le*)-modified intercellular adhesion molecule 3 (ICAM3)
on vascular permeability and leukemic cell homing

(A) Venn diagram showing differentially expressed proteins among parental KGla
cells, decitabine-resistant KGla (KGla-DAC) cells, fucosyltransferase
4—overexpressing KGla (KGla-FUT4) cells, and FUT4-silenced KGla-DAC
(KG1a-DAC-shFUT4) cells. (B) LC-MS analysis of ICAM3 in these cells. (C) Le*
modification on ICAM3 evaluated by IP/western blotting. (D) Expression of tight
junction—related proteins and NF-kB signaling components (p65, p-p65, IkBa, p-IKBQ)
in KGla, KGla-DAC and KGla-DAC treated with anti-human ICAM3 antibody
(a-ICAM3). (E) Cell permeability and (F) angiogenesis metrics of HUVEC after
coculture with KG1a, KGla-DAC or KG1la-DAC in the presence of a-ICAM3. Data are
mean = SEM; experiments were repeated three times with similar results. *P<0.05;
*P<0.01; **P<0.001.

Fig. 7 Lewis*-modified intercellular adhesion molecule 3 (ICAM3) on small
extracellular vesicles (sEVs) mediated endothelial dysfunction promotes
leukemic cell homing in decitabine (DAC)-resistant myelodysplastic

syndromes/acute myeloid leukemia (MDS/AML) (conceptual model)
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Supplemental methods

Cell lines and cell culture

Human leukemia-derived cell line KG1a and DAC-resistant KG1a (KG1a-DAC)'
were cultured in RPMI 1640 medium, human umbilical vein endothelial cell line HUVEC
and embryonic kidney cell line HEK-293T were cultured in DMEM (Biological Industries;
Kibbutz Beit Haemek, Israel). All medium was supplemented with 10% fetal bovine
serum (FBS) (Biological Industries). All cells were maintained at 37°C in a 5% CO-
atmosphere and routinely tested for Mycoplasma with the GMyc-PCR Mycoplasma
Test Kit (#40601ES20, Yeasen, Shanghai, China).

Preparation of conditioned medium (CM) and sEVs

Cells were incubated in FBS-free medium for 48 h. The supernatant was collected
and centrifuged at 500 x g for 10 min, and then filtered with 0.22 uym filter as CM.

To prepare sEVs, CM was sequentially centrifuged at 2000 x g for 20 min,
10,000xg for 30 min at 4 °C, and ultracentrifuged twice at 100,000 x g (Optima XE-
100; Beckman Coulter Life Sciences; Indianapolis, IN, USA) for 70 min.2 Pellets were
resuspended in PBS and stored at -80 °C.

Characterization of SEVs

Isolated sEVs were placed on 400-mesh carbon-coated grids (Electron
Microscopy Sciences; Fort Washington, PA, USA) and stained with 2% uranyl acetate.
Images were captured using a transmission electron microscopy (TEM) (model H-7650;
Hitachi; Tokyo). Nanoparticle tracking analysis (NTA) was performed using the

Zetaview-PMX120-Z instrument (Particle Metrix, Meerbusch, Germany).



Permeability assay

HUVECs (6x10*) were plated on 0.4 um transwell filters in a 12-well plate (Jet
Biofil), and treated with CM or sEVs (50 pug/mL) for 48 h. Rhodamine B (RB)-dextran
(70 kDa; Sigma-Aldrich, St. Louis, MO, USA) was added to the upper well to a final
concentration of 10 pg/mL. Following an incubation period of 30 minutes, the
fluorescence intensity in the lower chamber was quantified using a microplate reader,
with an excitation wavelength at 544 nm and an emission wavelength at 590 nm.

Transendothelial migration analysis

HUVECs (3 x 10%) were plated on 8 um transwell filters in a 12-well plate (Jet Biofil)
to form a monolayer, and treated with CM or sEVs (50 ug/mL) for 48 h. Subsequently,
1x10* stable GFP-expressing KG1a cells were added into upper chamber and cultured
for 24 h. Afterward, the cells migrated to the lower chamber were harvested, and the
GFP fluorescence intensity of these cells was assessed using flow cytometry.

Tube formation assay

HUVECs were incubated with serum-free medium for 12 h, and then seeded at
2x10* cells per well in 96-well plates precoated with Matrigel matrix (Corning, NY, USA).
These cells were treated with CM or sEVs (50 pug/mL) for 4—6 h. Tube formation was
observed and documented photographically under a microscope.

SDS-PAGE and Western blotting

Cells were collected and lysed with RIPA buffer (50 mM Tris, pH 7.2, 1% Triton X-
100, 0.5% sodium deoxycholate, 0.1% SDS, 150 mM NaCl, 10 mM MgCl. and 5%

glycerol) containing 1% PMSF. Protein concentration was determined using BCA



Protein Assay Kit (#P0011, Beyotime, Nanjing, China). Proteins (25 ug) from each
lysate were separated by electrophoresis in a 10% polyacrylamide resolving gel and
transferred onto a polyvinylidene difluoride (PVDF) membranes. After blocking with 3%
BSA (#ST023, Beyotime) in Tris-buffered saline containing 0.1% Tween-20 (TBST) at
RT for 1 h, membranes were incubated at 4°C overnight in TBS-T containing following
antibodies against Alix (#92880S, Cell Signaling Technology, MA, USA), Calnexin
(#2679S), IkBa (#9242), p65 (#8242), p- IkBa (#2859), p- p65 (#3031), FUT4 (#19497-
1-AP, proteintech, Wuhan, China), CD15 (#sc-19595), Occludin (#sc-133256),
Claudin-5 (#sc-374221), ZO1 (#sc-33725, Santa Cruz Biotechnology, USA), TSG101
(#T55985, Abmart, Shanghai, China), followed by the addition of secondary antibody
conjugated with HRP (#A0208, #A0216, Beyotime). Bands were visualized by

enhanced chemiluminescence (ECL; Vazyme Biotech, Nanjing, China).

Detection of LeX on SEVs by lectin-based ELISA

To determine the levels of LeX on sEVs, 96-well ELISA plates were pre-coated
with 100 uL/well of anti-CD63 antibody (sc-365604, Santa Cruz Biotechnology) and
incubated for 12 h at 4 °C. The plates were washed three times with PBST (0.05%
Tween-20 in PBS) and blocked with 1% BSA for 1 h at 37 °C. sEVs samples were
added and incubated for 2 h at 37 °C. After washing with PBST, the wells were
incubated with biotinylated Aleuria aurantia lectin for 2 h at 37 °C, followed by
incubation with HRP-conjugated streptavidin for 30 min at 37 °C. The plates were
developed using 3,3',5,5-tetramethylbenzidine (TMB) substrate (Promega, Madison,

USA) and the reaction was stopped with 2 M H.SO,. Absorbance was measured at



450 nm using a microplate reader.

Proteomic analysis

Proteins (100 pg) were denatured with 8 M urea, reduced by 5 mM dithiothreitol
(DTT) for 1 h at RT, alkylated with 20 mM iodoacetamide (IAM) for 30 min in the dark
at RT, diluted with deionized water to lower urea concentration below 2 M, digested
with lysyl endopeptidase (Wako Puro Chemical; Osaka, Japan) for 4 h at 37 °C, and
digested with trypsin (Promega) overnight at 37 °C. The mixture was acidified with 10%
trifluoroacetic acid (TFA) to pH< 3 and purified using C18 cartridges (Waters Corp.;
Taunton, MA, USA). Two-dimensional liquid chromatography/ mass spectrometry (LC-
MS) was performed on LTQ8 Orbitrap MS (Thermo Fisher; San Jose, CA, USA) and
data were analyzed using Proteome Discoverer software (Thermo Fisher), with
quantification by MaxQuant software program v2.6.7.0 (maxquant.org).®

N-glycan analysis

Glycomic analysis was performed as previously described.* A volume of 10 pL
serum or 1 mg of sEVs was added onto a size-exclusion spin ultrafiltration unit
(Millipore; Billerica, MA, USA). Proteins were denatured with 8 M urea/ 50 mM
NH4HCOQO3, reduced with dithiothreitol (DTT), alkylated with iodoacetamide (IAM), and
digested with PNGase F overnight at 37 °C. Released N-glycans were collected by
centrifugation, lyophilized, and desalted using HyperSep Hypercarb solid phase
extraction (SPE) cartridge (ThermoFisher Scientific; Waltham, Massachusetts, US).

Lyophilized N-glycans were dissolved and spotted onto an MTP AnchorChip

sample target with 20 mg/mL 2,5-dihydroxybenzoic acid (DHB) as the matrix.



Measurements were taken in positive-ion mode. Each full-mass scan was performed
with following conditions: acceleration voltage, 24.59 kV; reflector voltage, 26.6 kV;
pulsed ion extraction, 100 ns; mass range, 1000-3500 m/z. For the data analysis, the
peaks were smoothed and baseline subtraction performed three times. Relative
intensity was analyzed and generated using FlexAnalysis software (Bruker Daltonics;
Bremen, Germany) based on MALDI-TOF/TOF-MS intensity. m/z data were annotated
using GlycoWorkbench software,® and cross-referenced with previous studies. 2

Chromatin immunoprecipitation assay (ChiP)

The ChIP assay was performed as described previously.® Briefly, KG1a-TWIST1
cells'® were cross-linked with 1% formaldehyde. Subsequently, DNA was fragmented
to an average length of 200 to 500 bp using a sonicator (#Ymnl-1000Y, Nanjing, China).
Immunoprecipitation was performed using antibody against TWIST1 (#ab50887,
Abcam). Protein A/G agarose was added and rotated for 4 h. The samples were
subsequently treated with proteinase K (#ST532, Beyotime) and RNase A (#ST578,
Beyotime). Target DNA was extracted using phenol/chloroform and analyzed by PCR
with the primers in Tab. S2.

Dual luciferase reporter assay

The wild type and mutant regions of FUT4 promoter were amplified by PCR and
cloned into pGL3 vector (#E1751, Promega; Madison, WI, USA). Then the pGL3 vector
containing the wild-type or mutant FUT4 promoter regions was co-transfected into
HEK-293T cells along with the Renilla luciferase expression plasmid (pRL-TK, #D2760,

Beyotime) and the TWIST1 overexpression plasmid. After 48 h, luciferase activity was



measured with a Dual Luciferase Reporter Assay System (#RG028, Beyotime). The
primers for PCR have been shown in Tab.S3.

OptiPrep density gradient purification

sEVs were purified by OptiPrep density gradient as described previously." In brief,
40%, 20%, 10%, and 5% (w/v) iodixanol solutions were prepared by diluting OptiPrep
(60% (w/v) aqueous iodixanol, Axis-Shield PoC; AS; Oslo, Norway) with 0.25 M
sucrose/ 10 mM Tris, pH 7.5 in 14 x 89 mm Ultra-Clear tubes. sEVs purified by
ultracentrifugation were placed on top of the gradient, continuous gradient was
established through ultracentrifugation at 100,000 x g for 18 h using a Beckman
Coulter Optima XE-100 and Ti45 rotor, and twelve fractions were collected. Each
fraction was diluted in PBS, pelleted through another round of ultracentrifugation at
100,000 x g for 3 h, and washed with and resuspended in PBS.
Supplementary figures with legends.
Fig. S1. (A) Permeability of HUVEC monolayers to rhodamine B—labeled dextran (RB-
dextran) after coculture with KG1a or KG1a-DAC for 48 h. (B) Immunoblot analysis of
tight junction proteins in HUVECs cocultured with KG1a or KG1a-DAC. (C)
Representative images of tube formation. (D) Immunoblot analysis of tight junction—
related proteins in HUVECs treated with conditioned medium (CM) from KG1a or
KG1a-DAC. (E) RB-dextran permeability and (F) transendothelial migration after CM
treatment. (G) Quantification of junction count and total branching length in HUVECs
treated with CM. Data are mean + SEM; experiments were repeated three times with

similar results. **P<0.01; ***P<0.001.
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Fig. S2. (A-F) Characteristic of small extracellular vesicles (sEVs) using TEM (A&B),

NTA (C&D), and western blotting (E&F). (G)Tube formation assay.
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Fig. S3. (A-C) MALDI-TOF/TOF-MS spectra of N-glycans in myelodysplastic
syndromes/acute myeloid leukemia (MDS/AML) patients who are sensitive to DAC

treatment (DAC-S) or are refractory to DAC treatment (DAC-R) serum samples. Peaks



of MALDI-TOF/TOF-MS spectra (signal-to-noise ratio>5) were selected for relative
intensity analysis. Glycan compositions are annotated using the H/N/F/S nomenclature

(H, hexose; N, N-acetylglucosamine; F, fucose; S, sialic acid).
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Fig. S4. (A) Relative abundance of fucosylated and non-fucosylated N-glycans in
plasma from healthy donors (HD), decitabine-sensitive (DAC-S), and decitabine-
refractory (DAC-R) patients. (B) Relative intensity of individual fucosylated N-glycan
compositions in plasma from HD, DAC-S, and DAC-R patients. (C) Fold change of
individual fucosylated N-glycan compositions normalized to the HD group. (D)
Representative MALDI-TOF/TOF-MS spectra of N-glycans in sEVs from KG1a and
KG1a-DAC cells. Peaks with signal-to-noise ratio >5 were included for relative intensity
analysis. Glycan compositions are annotated using the H/N/F/S nomenclature (H,
hexose; N, N-acetylglucosamine; F, fucose; S, sialic acid). (E) Relative intensity of
individual N-glycan compositions in sEVs from KG1a and KG1a-DAC cells. (F) AAL-
reactive signal in plasma from HD, DAC-S, and DAC-R samples determined by ELISA.
(G) Immunoblot analysis of FUT4 expression in KG1a and KG1a-DAC cells. (H) LeX
levels in KG1a-DAC cells with or without PNGase F treatment. (I) Le* levels in plasma-
derived sEVs from HD, DAC-S, and DAC-R samples. (J) LeX levels in KG1a and KG1a-
DAC cells assessed by flow cytometry (representative histograms and mean
fluorescence intensity quantification). Data are mean + SEM; experiments were
repeated three times with similar results. ns, not significant; *P<0.05; **P<0.01;

***P<0.001.
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Fig. S5. (A) Immunoblot analysis of tight junction—related proteins in human umbilical
vein endothelial cells (HUVECSs) after exposure to conditioned medium (CM) from
KG1a or KG1a-FUT4. (B, C) HUVEC permeability to rhodamine B-labeled dextran
(OD590) and transendothelial migration (relative invaded CD45 cell ratio) after
exposure to the indicated CM. (D) Angiogenesis metrics (junction count and total
branching length) in HUVECs treated with the indicated CM. (E, F) FUT4 expression
and Lewis X (LeX) levels in KG1a-DAC-shFUT4 cells and their derived small
extracellular vesicles (sEVs). (G, H) Immunoblot analysis of tight junction—related
proteins in HUVECs after exposure to CM or sEVs from KG1a-DAC or KG1a-DAC-
shFUTA4. (1, J) HUVEC permeability (OD590) and transendothelial migration (relative
invaded CD45 cell ratio) after exposure to the indicated sEVs or CM. (K, L)
Angiogenesis metrics (junction count and total branching length) in HUVECs treated
with the indicated CM or sEVs. (M) Immunoblot analysis of tight junction-related
proteins in HUVECs treated with OptiPrep-purified sEVs from KG1a, KG1a-DAC,
KG1a-FUT4, and KG1a-DAC-shFUT4 cells. (N) Quantification of human CD45 cells
in blood, bone marrow, and spleen in mice preconditioned with HD-sEVs or KG1a-
sEVs. Data are mean + SEM; experiments were repeated three times with similar

results. *P<0.05; **P<0.01; ***P<0.001.
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Fig. S6. (A) Expression of FUT4 and TWIST1 at mRNA levels in KG1a and KG1a-
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TWIST1 cells. (B&C) Expression of FUT4, TWIST1 at protein and mRNA levels and

the levels of Le* in SKM1 and SKM1-shTWIST1 cells. (D) Tight junction related-

proteins and (E&F) permeability in HUVECs after treated with CM from SKM1 and



SKM1-shTWIST1. (G) Angiogenesis metrics in HUVECs treated with CM from SKM1

and SKM1-shTWIST1. (H) TWIST1 binding to E-box motifs within the 0—2000 bp

region of the FUT4 promoter. (I) TWIST1 binding sites on wild-type (WT) and mutant

sequences of E-box motif 1, 2 and 7 of FUT4 promoter. Data are mean = SEM;

experiments were

repeated three times with similar results. *P<0.05; **P<0.01;
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Fig. S7. (A) Immunoblot analysis of density gradient fractions showing sV markers

and ICAM3 in sEVs isolated from KG1a cells. (B) Expression of ICAM3 and Le* in

OptiPrep-purified sEVs derived from KG1a, KG1a-DAC, KG1a-FUT4, and KG1a-DAC-



shFUT4 cells. (C) Expression of ICAM3 in ultracentrifugation-isolated sEVs from the
indicated cells. (D) ICAM3 stability in KG1a and KG1a-FUT4 cells after cycloheximide
(CHX) treatment for the indicated times. (E) ICAM3 expression in KG1a cells treated
with CHX in the presence or absence of MG132 or chloroquine (Chlo) for 8 h. (F-J)
Immunoblot analysis of NF-kB signaling components (p65, p-p65, IkBa, p-IkBa) and
tight junction—related proteins in HUVECs treated with BAY-11-7082 (F, G), phorbol 12-

myristate 13-acetate (PMA) (H, 1), or sEVs from the indicated cells (J).



A

Density gradients 1 2 3456 78 9 10 11 12

Alix w0 100 KDa
TSG101 |, - " aokoa
50 KD:
CD63 | ' = 40 KD:

OptiPrep-purified sEVs

100 KDa

250 KDa
150 KDa
100 KDa
70 KDa
50 KDa
40 KDa

Ultracentrifugation-isolated sEVs

.CAMS-___EIEI_M

N O «b(
o o RN (¢)
T 2 @,oov © K@ <<°/\ T
~l~®‘ & %(’\ £ RS CACN
€ & © © v Es
D E F
CHX HUVEC
BAY-11-7082(uM) 0 5 10 15
0 4 8 12 24(h kGita ospfgﬁs) .
g ICAM3 | s e = '; |—1oo KDa CHX v o+ & l:.:.:.:El:so KDa
oo S Vot g pos ERRE ]
< Chlo - = = # 50 KDa
5| 'CAM3 S —100 KD ICAMS (M S —] P-IcBior [ SR W W |3 oo
T 100 KDa
40 KD:
£ caro- [N - GAPDH [ e ] 1008 o (S ] <5100
G H
HUVEC
BAY-11-7082(uM) 0 :UV'IEOC 15 g (S B 70 KD HNES
= zo0e PPN PMAR 012
Z0-1 —50 KDa 250 KDa
B ey oo - s
_— 50 KDa
20xos o [R50, Claudns 2ok
J
HUVEC+sEVs
” 70 KDa
P:R65 IE] —50 KDa
70 KDa

P65 [ | [ e | [ e 50 KDa

P-IkBa mas KDa
IKBar [ — - -

T [ 40 KD
GAPDH | | I [
INaNe) N (CHRE)

EF O F T
0\’0 & 0\’2’ 0\’7’((\5
& O

Fig. S8. (A) Expression of tight junction-related proteins and NF-kB signaling
components (p65, p-p65, IkBa, p-IkBa) in HUVECSs cocultured with KG1a-DAC cells in
the presence or absence of anti-human ICAM3 antibody (a-ICAM3). (B, C) HUVEC
permeability and leukemic cell transendothelial migration, and (D) angiogenesis
metrics of HUVECs cocultured with indicated cells with or without a-ICAMS3. (E)
Expression of tight junction—related proteins and NF-kB signaling components (p65, p-

p65, IkBa, p-IkBa) in HUVECSs cocultured with KG1a-DAC-shFUT4 cells with or without



recombinant ICAM3 (rICAM3). (F, G) HUVEC permeability and leukemic cell
transendothelial migration, and (H) angiogenesis metrics of HUVECs cocultured with
indicated cells with or without rICAM3. (I) Immunoblot analysis of ICAM3 and NF-«kB
signaling components (p65, p-p65, IkBa, p-IkBa) in HUVEC and HUVEC-ICAM3. (J)
Immunoblot analysis of tight junction-related proteins and ICAM3 in HUVEC and
HUVEC-ICAM3. (K, L) HUVEC permeability and leukemic cell transendothelial
migration in HUVEC and HUVEC-ICAM3. (M) Angiogenesis metrics, including junction
count and total branching length, were quantified in HUVEC and HUVEC-ICAM3. Data
are mean = SEM; experiments were repeated three times with similar results. *P<0.05;

**P<0.01; ***P<0.001.
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Supplementary tables

Tab. S1 Patients list

DAC
Response

Marrow

Blast
Count

BM Cellularity

Cytogenetics

Diagnosis | Age | Gender




AML 69 M Normal Hypercellular 41% R
MDS-EB2 | 54 M Normal Normal 16.80% R
AML 73 F Normal Hypercellular 43% R
AML 48 M Normal Hypercellular 45% R
AML 31 F Normal Hypercellular 53% R
AML 48 F Normal Hypercellular 61% R
MDS-EB1 | 35 M Normal Hypercellular 12% R
MDS-EB2 | 31 M Normal Hypercellular 14% R
MDS-EB2 | 56 M Normal Hypercellular 13% R
AML 77 F Normal Hypercellular 24% R
AML 64 M Normal Normal 35% R
MDS-EB2 | 72 F Normal Normal 17% R
AML 53 F Normal Hypercellular 27% R
AML 62 F t(8;21)(922;922) Normal 30% R
MDS-EB2 | 65 M Normal Hypercellular 15% R
MDS-EB1 | 75 F Normal Hypercellular 12% R
MDS-EB2 | 76 F Normal Hypercellular 14% R
AML 67 F Normal Hypercellular 25% R
AML 70 M Normal Hypercellular 25% R
AML 78 F Normal Normal 40% S
MDS-MLD | 65 M Normal Normal 6.50% S
MDS-EB1 | 62 M Normal Normal 8% S
AML 48 M t(8;21)(922;922) | Hypercellular 23.50% S
AML 58 M Normal Hypercellular 29% S
MDS-EB2 | 66 F Complex Normal 23% S
karyotype
AML 43 F (8;21 )(222;(122)’ Hypercellular 29% S
AML 58 F Normal Normal 32% S
AML 68 M Normal Normal 22% S
MDS-EB1 | 44 F Normal Normal 5% S
MDS-EB1 | 61 F Normal Hypercellular 9% S
MDS-EB2 | 75 | F Complex Hypercellular 14% s
karyotype
AML 30 M Normal Hypercellular 30% S
AML 79 M Normal Normal 45% S
AML 32 F (8;21)(922;922) | Hypercellular 36% S
AML 68 F Normal Hypercellular 28% S
MDS-EB2 | 76 | M Complex Normal 25% s

karyotype




MDS-EB1 | 74 M Normal Normal 8%
HD 45 F
HD 36 F
HD 35 M
HD 58 F
HD 27 M
HD 36 F
HD 45 F
HD 28 F
HD 61 F
HD 23 F
HD 57 M
HD 60 M
HD 61 M
HD 49 M
HD 28 M
HD 70 F
HD 61 F
HD 69 M
HD 48 M

Tab. S2 Primer list for chip
Primers Sequences

FUT4-E-box-1-F

CGAGGTAAGAGGGCACAAAGAAAAT

FUT4-E-box-1-R

AGGCATTTGGGAAATATTACCCTGC

FUT4-E-box-2-F

GCCACGTGCCAGACACAATGTT

FUT4-E-box-2-R

AGGTGTTCTGGCTAGGCCCAT

FUT4-E-box-3-F TCTCGATCTCCTGACCT
FUT4-E-box-3-R ATTTGCGTTAGCCATATG
FUT4-E-box-4-F AACACCTGGCAGGATTG
FUT4-E-box-4-R AGCTGTGCATCAGTGGA
FUT4-E-box-5-F AGTATCAGTGGGACTCCACT




FUT4-E-box-5-R

TCTGGGTGTTCGCTTTG

FUT4-E-box-6-F

TCTCAAGTGACTGTAGACGT

FUT4-E-box-6-R

ATTCTAGCACCCAAGTTAAGG

FUT4-E-box-7-F

GTTCTCTATCCTTTACTGGGCT

FUT4-E-box-7-R

AGACGGTCGAATTGTGGAG

Tab. S3 Primer list for dual luciferase reporter assay

Primers Sequences
FUT4-F AGATCGCCGTGTAATTCTAGATGCGAAGTCACGACTGGTTTC
FUT4-R AGGGCATCGGTCGACGGATCCGGAGGATAGCGTCGGCTTCC
FUT4;EF',BOX' GTAATATTTCCACAATGCCTACCGGCCACGT
FUT4;';‘,BOX' CGGTAGGCATTGTGGAAATATTACCCTGCTTGATTGC
FUTtEF',BOX' TACCGGCACCGTGCCAGACACAAT
FUT‘;';’,BOX' ATTGTGTCTGGCACGGTGCCGGTAGGCATTTGGGA
FUT4'7EF',BOX' CACACAATGCAGAGACTCTGAAGGCCA
FUT4;';',BOX' CCTTCAGAGTCTCTGCATTGTGTGAAGAACTTAAG

Tab. S4 see Excel File
Identified N-glycans in plasma from HD, DAC-S, and DAC-R patients and in sEVs

from KG1a and KG1a-DAC cells, as determined by MALDI-TOF/TOF-MS.
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