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Abstract

In acute myeloid leukemia (AML), high Galectin 3 (LGALS3) expression is associated with poor
prognosis. The role of LGALS3 derived from mesenchymal stromal cells (MSC) in the AML
microenvironment is unclear; however, we have recently found high LGALS3 expression in MSC
derived from AML patients is associated with relapse. In this study, we used reverse phase protein
analysis (RPPA) to correlate LGALS3 expression in AML MSC with 119 other proteins including
variants of these proteins such as phosphorylated forms or cleaved forms to identify biologically
relevant pathways. RPPA revealed that LGALS3 protein was positively correlated with expression
of thirteen proteins including MYC, phosphorylated beta-Catenin (p-CTNNB1), and AKT2 and
negatively correlated with expression of six proteins including integrin beta 3 (ITGB3). String
analysis revealed that proteins positively correlated with LGALS3 showed strong
interconnectivity. Consistent with the RPPA results, LGALS3 suppression by shRNA in MSC
resulted in decreased MYC and AKT expression while ITGB3 was induced. In co-culture, the
ability of AML cell to adhere to MSC LGALS3 shRNA transductants was reduced compared to
AML cell adhesion to MSC control shRNA transductants. Finally, use of novel specific LGALS3
inhibitor CBP.001 in co-culture of AML cells with MSC reduced viable leukemia cell populations
with induced apoptosis and augmented the chemotherapeutic effect of AraC. In summary, the
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current study demonstrates that MSC-derived LGALS3 may be critical for important biological
pathways for MSC homeostasis and for regulating AML cell localization and survival in the
leukemia microenvironmental niche.

Introduction

Acute myeloid leukemia (AML) is a highly fatal disease, so understanding the mechanisms
controlling chemoresistance of leukemic cells is critical for developing more effective
therapies. With growing evidence of the importance of the leukemic bone marrow (BM)
microenvironmental niche (1-4), therapeutic strategies for AML and other leukemias will
need to target not only the malignant cell but the other components of the tumor
microenvironment. Mesenchymal stromal cells (MSC) provide critical support for leukemia
cells in the BM (5-10). This is achieved by diverse mechanisms that include secretion of
cytokines and chemokines, activating survival signaling in tumor cells after cell-to-cell
contact, and blocking immune surveillance by suppressing NK and T cells (5-11).

Galectin 3 (LGALS3) is a member of a family of beta-galactoside-binding proteins that
supports cell survival by diverse mechanisms involving BCL2, p53, RAS, and many other
molecules (12-18). Consistent with its role supporting leukemia cell survival, a recent report
from Cheng and colleagues demonstrated that high LGALS3 levels in AML patients was
associated with poor disease prognosis (19). LGALS3 exerts effects on cells when secreted
or present on the cellular surface, including promoting apoptosis of T cells, suppression of
NK cell function, mediating cancer cell adhesion to many cell types in the tumor niche (e.g.,
MSC, vascular endothelial cells, and immune cells), and promoting angiogenesis (9, 12,13,
20-22).

MSC have been shown to be an important source of secreted LGALS3 (23, 24). In our
recent study, reverse phase protein analysis (RPPA) analysis examined expression of
LGALS3 and over 100 other proteins in MSC derived from AML patients (25). RPPA
revealed LGALS3 levels were highest in refractory and relapse patients compared to patients
at diagnosis, suggesting the MSC-derived LGALS3 is important in drug resistance (25). In
the current study we used RPPA to compare expression of LGALS3 with 119 other proteins
as well as phosphorylation or other modified variants to identify protein networks involving
LGALSS3 that may be critical for AML-MSC interactions. A distinct set of proteins were
identified including MY C. LGALS3 was suppressed in healthy donor-derived MSC using
lenti-viral ShRNA, and the effect on MSC properties, including adhesion and cell protection,
were examined.

Material and Methods

Isolation and culture of primary MSC from bone marrow

MSC were isolated from bone marrow (BM) of consented AML patients undergoing
diagnostic BM aspiration and from healthy donors who were undergoing BM harvest for use
in allogeneic BM transplantation. BM was subjected to centrifugation (700 g for 15 minutes
at 4°C) over a Ficoll-Hypaque (Sigma-Aldrich, St. Louis, MO) gradient to separate
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mononuclear cells. After centrifugation, the buffy coat layer was carefully extracted and
suspended in aMEM (Cellgro, Manassas, VA) supplemented with 10% pooled human
platelet lysate (pHPL, kindly provided by Dr. Dirk Strunk, Department of Hematology and
Stem Cell Transplantation, Medical University of Graz, Austria), supplemented with 2 mM
L-glutamine, 100 U/mL penicillin, and 100 mg/mL streptomycin (Sigma-Aldrich). The BM
mononuclear cell content was analyzed by automated blood count (Beckman Coulter,
Indianapolis, IN), and mononuclear cells were seeded at a density of 5 x 10* cells/cm? in
tissue-culture flasks and cultured at 37°C in 5% CO> incubator. The non-adherent cells were
removed by completely changing the medium after 3 days, and the adherent cells were
continuously cultured. The cultures were fed twice weekly by replacing 30% of the medium
with fresh supplemented medium. The cells were harvested before reaching confluence by
applying 0.25% trypsin and 1 mM EDTA (Life Technologies, Carlsbad, CA). MSC were
cryopreserved and early passage (passage 2-3) samples were used for study. As reported in
our previous study with these samples, isolated MSC are CD73+/CD90+/CD105+ (25).

RPPA Method

Proteomic profiling was done on MSC samples from healthy donor and patients with AML
using RPPA. The method and validation of the technique are fully described in previous
publications (26-30). Validation data for LGALS3 antibody (Santa Cruz Biotechnology;
Dallas, TX; catalog # sc32790) is provided in Figure 1A-D. The LGALS3 antibody used
detects a single band at 31 kd from protein lysates from a number of different cell lines
(Figure 1A). Comparison of expression detected by LGALS3 antibody on RPPA array slide
(Figure 1B) with western reveals detection levels (summarized in Figure 1C) are highly
correlative by both methods according to Pearson Correlation (R = 0.8827; Figure 1D).
Antibodies against 119 different proteins (114 targeting total protein with 32 paired
antibodies targeting phosphoepitopes on 26 proteins, and 5 with only a phosphoepitope but
not total protein epitope) were used for analysis (listed in Table 1). An 1gG subtype specific
secondary antibody was used to amplify the signal and finally a stable dye is precipitated.
The stained slides were analyzed using the Microvigene software (Version 3.0, Vigenetech,
Carlisle, MA) to produce quantified data. For RPPA, supercurve algorithms were used to
generate a single value from the five serial dilutions (26, 27). Loading control and
topographical normalization procedures accounted for protein concentration and background
staining variations. Analysis using unbiased hierarchical clustering and perturbation
bootstrap clustering, and principle component analysis was then done as fully described in a
previous publication using available R packages and Qlucore software (Version 3.1, Qlucore
Inc. Lund Sweden; refs 26, 27). Raw data for RPPA results is uploaded as an Excel file in
Supplemental materials.

Pathway Analysis

String software (String 10.0; website: http://string-db.org) (31) was used to determine
protein associations. Pathway analysis to identify canonical pathways, upstream regulators,
and protein networks was performed using Ingenuity Pathway software (Qiagen,
Germantown, MD).
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MSC shRNA Transductants

LGALS3 was knocked down in a MSC derived from a presumably healthy donor by
lentiviral transduction of shRNA using pLKO based transfer vectors (Open Biosystems,
Huntsville, AL). As a negative control we used pLKO.1 control plasmid (Addgene,
Cambridge, MA). Infected cells were selected with 1 ug/ml puromycin (Invivogen, San
Diego, CA). Knockdown was verified by western blot analysis and real time PCR.

Immunoblot Analysis

Cells were sonicated in lysis buffer and protein (5 x 104 cell equivalents) was subjected to
electrophoresis using 4-20% gradient acrylamide/ 0.1% SDS or 10% acrylamide/ 0.1% SDS
gels. Proteins were transferred to a membrane and western blotting analysis was performed
with antibodies against LGALS3, MYC, ITGB3 (Santa Cruz Biotechnology), total AKT
(Cell Signaling Technology, Danvers, MA), p-AKT (S473; Cell Signaling Technology) and
Tubulin (Sigma-Aldrich). Immunoblot analysis was performed at least three different times.
Signals were detected by using the Odyssey Infrared Imaging System and quantitated by
Odyssey software version 3.0 (both LI-COR Biosciences, Lincoln, NE). Tubulin was used as
a loading control.

Gene Expression Analysis

Real-time PCR (qRT-PCR) was conducted using an ABI 7900HT Fast Real-Time PCR
System (Life Technologies). TagMan Gene Expression Assays (Life Technologies) for
LGALS3 and 18s RNA were used as directed by the manufacturer. RQ Manager 1.2.1 (Life
Technologies) was used to analyze the data.

Cell Treatment and Cytotoxicity and Adhesion Assessments

THP-1 cells were co-cultured with MSC at a ratio of 4 AML cells to 1 MSC cell for 18
hours. Cells were treated with vehicle (0.1% DMSO), 30 ug/ml CBP.001 (kindly provided
by Kiromic Biopharma; Houston, TX) and/or 1 uM AraC (Selleck Chemicals, Houston, TX)
for 48 hours. AML cells were removed by gentle trypsinization (90 seconds, RT) to examine
adherent AML cell number and viability. Cells were stained with human CD90 PE antibody
(Becton Dickinson, San Jose, CA) to identify AML cells (i.e CD90- cells) and stained with
Annexin V to identify apoptotic cells (i.e. Annexin V +) and DAPI to identify viable cells
(i.e. DAPI- cells). Counting beads were included to assess total cells.

Flow cytometry was performed using a Becton Dickinson LSR |1 flow cytometer (Becton
Dickinson, San Jose, CA). To assess effect of LGALS3 knockdown on cell adhesion, AML
OCI-AML3 cells were co-cultured with MSC transduced with control lentivial vector (LKO)
or MSC transduced with LGALS3 shRNA lentiviral plasmid at a ratio of 4 AML cells to 1
MSC cell. After 72 hours, media was removed, cell co-culture washed with 1X PBS, and
then cells were visualized in the flask using a light microscope (Nikon TMS inverted
microscope; Melville, NY). Representative pictures of cells were taken with a Nikon
Coolpix 930 camera that was attached to the microscope. Next, cells were trypsinized (3
minutes, 37° C) and cells were stained with human CD45 PE antibody (Becton Dickinson)
and subject to flow cytometry. Counting beads were included to assess total cells. Flow
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cytometry was performed using a Becton Dickinson LSR |1 flow cytometer (Becton
Dickinson).

Statistical Analyses

Results

All means + SD for triplicate samples were calculated with Microsoft Excel 2003 SP2
software (Microsoft Corporation, Seattle, WA). In all statistical analyses, the results were
considered statistically significant when p < 0.05 using a two tailed Student #test.
Comparison of the protein levels between paired samples was done by performing paired #
test. Association between protein expression levels and categorical clinical variables were
assessed in R using standard ftests, linear regression, or mixed effects linear models.
Unbiased hierarchical clustering was performed using the weighted average method and the
associated figures show expression normalized to median = 0, variance = 1. The P-value and
the associated Q-value (a measure of the false discovery rate) are shown for each clustering
analysis. Association between continuous variable and protein levels were assessed by using
the Pearson and Spearman correlation and linear regression. Bonferroni corrections were
done to account for multiple statistical parameters for calculating statistical significance.

LGALS3 protein levels are elevated in MSC from AML patients

RPPA is used in our laboratory to analyze protein expression and modifications in cells from
clinical samples representing many hematologic malignancies (25-30). RPPA depends on the
availability of a validated antibody panel. Validation for the LGALS3 antibody used for
RPPA is presented in Figure 1A-D and described in “Materials and Methods”. We used
RPPA to study LGALSS3 protein expression in MSC from presumed healthy donors (N = 71)
and MSC from newly diagnosed AML patients (N = 106). As shown in Figure 2A, levels of
LGALS3 protein were statistically significantly (p = 0.0001) higher in the MSC from the
AML patients compared to normal donor MSC. To determine if increased protein expression
in the AML derived MSC could be attributed to a transcriptional mechanism, gene
expression in AML MSC (N = 10) and presumed healthy donor derived MSC (N =9) was
performed using gRT-PCR. As shown in Figure 2B, though LGALS3 expression relative to
185 was slightly higher in AML MSC compared to healthy donor MSC, this difference was
not significant (p = 0.284). These findings suggest that a post-transcriptional or post-
translational mechanism was involved in LGALS3 expression regulation.

LGALS3 levels correlate with expression of a distinct set of proteins including MYC

RPPA was used to examine correlations of LGALS3 with other proteins in the MSC from
AML patients. In addition to LGALS3 antibody, the RPPA was probed with 150 other
antibodies targeting 119 different proteins (114 targeting total protein with 32 paired
antibodies targeting phosphoepitopes on 26 proteins, and 5 with only a phosphoepitope but
not total protein epitope) (Table 1). Raw data for RPPA results is uploaded as an Excel file in
Supplemental materials. The targeted proteins regulate a wide variety of cellular functions.
Thirteen proteins were positively correlated with LGALS3 in AML-derived MSC, while six
proteins are negatively correlated (Figure 3A). The two proteins exhibiting highest positive
correlation with LGALS3 were phosphorylated beta catenin (p -CTNNB1; S33/S37/T41)
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and MYC. Though phosphorylated forms of AKT were not correlated with LGALS3
expression, expression of AKT2 was positively correlated with expression of the galectin.
Proteins negatively correlated with LGALS3 included STMN1, LYN, SIRT1, and ITGB3.

String 10.0 (http://string-db.org) was used to examine associations among the groups of
proteins that were negatively or positively correlated with LGALS3 (listed in Figure 3A).
LGALS3 was included as a member in each set. As shown in Figure 3B, there were few
connections among the proteins negatively correlated with LGALS3, but the proteins that
were positively correlated with LGALS3 showed many interconnections. Proteins negatively
correlated with LGALS3 appeared to have no apparent association as determined by String
10.0. Protein:Protein Interaction (PPI) enrichment, and the p-value for this group of proteins
was 0.139 (http://string-db.org).

However, for the proteins positively correlated with LGALS3, String 10.0 determined the
PPI enrichment p-value for this group of proteins is 7.63e-10, suggesting that the proteins
were, at least in part, biologically connected (http://string-db.org). To determine possible
pathways associated with this group of proteins, Ingenuity Pathway Analysis (IPA) was
used. The top canonical pathways identified involved networks of proteins involved in
metastasis in colorectal cancer (p = 4.45e-11; data not shown). IPA identifies upstream
molecules that are associated with the set of proteins listed. A total of 1877 upstream
molecules were identified by IPA (Excel file available in Supplemental data). Among the top
10 upstream molecules associated with the protein network was transforming growth factor
beta (TGF beta; p = 8.2 e-11). The identification of TGF beta as a possible regulator of this
set of LGALS3 associated proteins was intriguing since this molecule has emerged as a key
MSC-derived cytokine (reviewed in 32, 33). TGF beta and LGALS3 also cross-regulate with
the AKT and CTNNB1 pathways as common targets in the TGF beta/LGALS3 signaling
axis (34, 35).

Suppression of LGALS3 alters protein expression in MSC including a reduction of MYC

expression

MSC from a healthy donor were transduced with control lentivirus (LKO) or lentivirus
containing LGALS3 shRNA. We achieved ~ 90% reduction of LGALS3 in MSC according
to immunoblot analysis (Figure 4A). To validate correlation of LGALS3 with MYC,
immunoblot analysis was performed using a single filter transferred from a 4-20% SDS
polyacrylamide gel. As shown in Figure 4A, MYC levels were reduced by roughly 50% in
MSC with LGALS3 shRNA. This reduction of MY C is consistent with expression levels
found in MSC by RPPA (Figure 2A).

A role for LGALS3 as a positive regulator of AKT is well established (36, 37), and
LGALS3's regulation of AKT appears to be important for migration in pig MSC (38). We
examined AKT expression and AKT phosphorylation in MSC transduced with control
lentivirus and MSC transduced with LGALS3 shRNA and found phosphorylation of AKT at
serine 473 was reduced by roughly half (Figure 4A). Consistent with the RPPA finding that
LGALS3 positively correlated with AKT2 expression (Figure 3A), LGALS3 suppression
resulted in a 30% reduction of total AKT (Figure 4A). This result suggests that the
decreased levels of phosphorylated AKT may be due to reduced levels of total AKT. These
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findings suggest that LGALS3 plays a role in supporting MYC expression and positively
regulating AKT expression and activity. RPPA determined that ITGB3 was negatively
correlated with LGALS3 (Figure 3A). A filter from a separate 4-20% SDS polyacrylamide
gel was probed with an antibody against ITGB3. The level of detection of ITGB3 with the
antibody used was much weaker than the bands for proteins surveyed on Figure 4A so a
separate western was required. As shown in Figure 4B, suppression of LGALS3 in MSC by
shRNA promoted elevated expression of ITGB3. This result suggests that LGALS3 may act
as an upstream negative regulator of ITGB3.

Suppression of LGALS3 in MSC inhibits adhesion of OCI-AML3 cells

CBP.001 (Carbohydrate Binding Protein version 001; also known as Gal3C) is a truncated
recombinant version of LGALS3 that acts as a dominant negative inhibitor (39-42). CBP.001
is generated by expression of a truncated protein in E. coli and His-tag purification and was
extensively validated as reported in reference 41. Protein vehicle was used as a negative
control. Endotoxin concentration was evaluated by Limulus amebocyte lysate (LAL) method
and revealed less than 1 unit/mL of purified protein. Prior to use for the experiments shown
here, CBP.001 was validated by Gal3 laminin-binding inhibition assay (data not shown). The
molecule has shown anticancer efficacy in models of multiple myeloma and ovarian cancer
(39, 40). The ability of CBP.001 to affect AML cells in the microenvironment was tested in
the MSC co-culture system using THP-1 cells. THP-1 AML cells were allowed to adhere to
MSC for 18 h and then vehicle (PBS) or 30 ug/ml CBP.001 or 1 uM AraC, or a combination
of both agents at the single agent dose was added to the co-culture mix. After 48 h, AML
cells were isolated by gentle trypsinization and flow cytometry performed to determine total
viable cell number and percentage of apoptotic cells. As shown in Figure 5A, CBP.001 or
CBP.001/AraC combination reduced viable cell number by approximately 85% while AraC
reduced viable cells by roughly 75%. AraC was more potent inducing apoptosis compared to
CBP.001 (22.0% versus 7.8%, respectively; Figure 5B). As shown in Figure 5B,
combination of both agents did exhibit slightly higher but statistically significant induction
apoptosis (29.9%; p = 0.05 compared to AraC alone). These results suggested that CBP.001
could augment AML cell killing by AraC.

To examine the effect of LGALS3 knock down in MSC on the adhesion of leukemia cells,
OCI-AML3 cells were co-cultured with MSC expressing control lentivirus or with MSC
expressing LGALS3 shRNA. After 72 h, the medium was removed and replaced with fresh
medium. Adherent cells were imaged using a light microscope. As shown in Figure 6A, a
greater number of AML cells are visualized in co-culture with control MSC compared to
MSC expressing LGALS3 shRNA. To quantify total adherent cells in each co-culture, cells
were trypsinized and AML cells counted by flow cytometry using CD45 antibody, which
binds AML cells and not MSC. As shown in Figure 6B, there was approximately 50%
reduction in AML cells adhering to control MSC compared to MSC expressing LGALS3
shRNA.
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Discussion

In AML cells, LGALS3 supports survival and promotes resistance to chemotherapy
including BH3 mimetics (43). At present, little is known about the role of LGALS3 in the
AML niche but it has been implicated in the microenvironment of other hematologic
malignancies including ALL and CML (reviewed in ref. 44). The Heisterkamp group has
demonstrated that LGALS3 is important in the ALL microenvironment (45, 46). A role for
LGALS3 biology in MSC is emerging. LGALS3 contributes to the immunosuppressive
ability of MSC. Suppression of LGALS3 in MSC reduces MSC abilit y to inhibit T cell
function (24, 44). Recent studies have suggested LGALS3 plays an important role in MSC
migration (38, 47). A study of LGALS3 in murine MSC revealed that the galectin is elevated
in MSC as mice age (48). The ageing mice also exhibited greater oxidative stress and
senescent phenotype. Interestingly, senescence appears to promote LGALS3 expression and
secretion in a colorectal cancer model (49). In our previous study, AML derived MSC were
found to exhibit a greater degree of senescence compared to MSC from healthy donor (25).
The senescent phenotype of MSC appears to be critical in myelodysplastic syndrome (50).
In that study, senescent MDS derived MSC were found to express and secrete higher levels
of interleukin-6 (IL6) and TGF beta compared to MSC derived from healthy donor (50).
Blockade of TGF beta in AML cell co-culture with MSC reverses the protective effect of
MSC suggesting the cytokine has an important role in MSC mediated survival function (51).
TGF beta is one of the top 10 upstream regulatory molecules identified by IPA that is
connected with the LGALS3 associated proteins. It is tempting to speculate that a
LGALS3/TGF beta axis may be at work in the AML derived MSC.

In a previous study we determined that MSC from salvage samples (i.e., relapse/refractory)
expressed higher levels of LGALS3 (25). In that study, LGALS3 was one of only nine
proteins that were identified as differentially expressed in MSC from AML salvage samples
compared to AML MSC samples taken at first diagnosis. Interestingly, LGALS3 and p-
CTNNBL1 were two of three proteins found elevated in salvage MSC, while LYN and ITGB3
were two of six proteins found reduced in salvage MSC (25). Our current finding that
LGALS3 expression is positively correlated with p-CTNNB1 and negatively correlated with
LYN and ITGB3 expression suggests that these proteins may be part of an axis that may
influence MSC mediated therapy resistance. Activating mutation of CTNNB1 in osteoblasts
(which are derived from MSC) is associated with niche-induced myeloid leukemogensis
(52). Canonical WNT signaling has been shown to be important in many cancers including
lymphoid and myeloid leukemias (53, 54). Stromal mediated protection of leukemia cells is
supported by active WNT/CTNNBL signaling (52-59). It is not clear yet how LGALS3
might regulate CTNNBL in MSC populating the AML niche, however, a role for LGALS3
as a positive regulator of CTNNBL1 is well established (60-62).

Recent studies have determined that MSC in AML patients have unique characteristics and
that the stromal cells can contribute to the disease state (25, 63-66). Of over 119 proteins
surveyed in AML MSC, LGALS3 was only one of three that were elevated in MSC derived
from patients during relapse or who were refractory to therapy (25). MYC emerged as one of
the important proteins that positively correlated with expression of LGALS3. As LGALS3
supports ERK and AKT survival signaling and these proteins are crucial for MY C stability,
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the galectin would be expected to support MYC expression. That suppression of LGALS3
results in reduced MY C supports a role for LGALS3 as an upstream regulator of MYC.
LGALS3 positive regulation of MYC in MSC could impact the biology of the stromal cells.
Sato and colleagues have established that MYC is important in MSC proliferation
particularly during hypoxia (67). MY C overexpression when combined with inactivation of
p16 (INK4a) in MSC results in conversion to osteosarcoma with loss of adipocytic potential
(68). Though AML MSC are not transformed, they appear to be defective in the ability to
differentiate to adipocytes (65). In addition, MY C suppresses p21 in MSC and promotes cell
proliferation (69). Perhaps LGALS3 induction of MYC contributes to cell proliferation of
AML MSC while preventing their potential for adipocytic differentiation. The Raz group has
shown that LGALS3 prevents osteoblast differentiation via a Notch mediated mechanism
(70).

LGALS3 regulates endocytosis and function of a number of different molecules including
integrins. LGALS3's ability to pentamerize and interact with glycoproteins and other
glycosylated molecules such as glycosphingoipids enables the lectin to organize dynamic
lattices in cell membranes (71,72). The LGALSS3 lattice regulates the mobility and
endocytosis of key regulatory molecules such as CD44 and integrins. Integrins are
heterodimeric transmembrane glycoproteins comprised of an alpha subunit and beta subunit
(73). These proteins are critical for communicating signals from cell to cell or cell to
extracellular matrix. Integrin-mediated signaling is bi-directional; that is integrins can direct
external signals into the cell or they can direct signaling initiated in the cell to extracellular
targets (73).

LGALS3 and other Galectins are critical regulators of integrin function (71-77).
Recombinant LGALS3 induces production of inflammatory cytokines in pancreatic stellate
cells via an integrin beta 1 (ITGB1) mediated mechanism (77). Yang and colleagues
demonstrated that recombinant LGALS3 promotes lateral mobility of ITGB1 on the cell
surface of HeLa cells resulting in increased cell migration though there were no effects on
cell viability (72). A recent study implicates LGALS3/ITGB3 mediated signaling as
important for KRAS signaling in lung cancer (76). Sensitivity of lung cancer cells to
modified pectin GCS-100 was linked to LGALS3 and ITGB3 expression. In this study we
find suppression of LGALS3 resulted in induction of ITGB3. The result would appear
paradoxical as the Seguin study suggests LGALS3/ITGB3 axis in important in K-RAS
signaling, at least in lung cancer cells (76). The results from the Seguin study would suggest
that ITGB3 regulates LGALS3 as knock down of ITGB3 in H1792 cells results in decreased
LGALS3 expression and knock down of LGALS3 appears to have little effect on ITGB3
expression in those cells (76). However, knock down of LGALS3 in murine embryonic
fibroblasts (MEFs) did promote an increase in ITGB3 in MEFs especially in MEFs
containing mutant KRAS (i.e. G12D; ref. 76). These findings suggest potential regulation of
ITGB3 by LGALS3 is cell type specific. Perhaps induction of ITGB3 with suppression of
LGALS3 in MSC represents a feedback mechanism. Identification of such a feedback loop
is under investigation.

In summary, our data support a role for LGALS3 in regulating MSC chemoprotection of
leukemia cells likely involving a mechanis m of cell adhesion. A model displaying LGALS3
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role in MSC and effect on AML cells in the microenvironment is depicted in Figure 7. The
identification of MYC as a LGALS3 target in MSC suggests that LGALS3 may have key
roles in supporting survival and proliferation. AKT phosphorylation was increased in the
cells though the effect in part involves increased expression of total AKT kinase.
Interestingly ITGB3 was found to be induced when expression of LGALS3 was suppressed
though whether this represents a feedback loop remains to be determined. These results
suggest that LGALS3 is important in MSC to support leukemia cell survival in the tumor
microenvironment. Therefore, targeting LGALS3 could be an effective microenvironment
based strategy for AML therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

In mesenchymal stromal cells (MSC) from AML patients, Galectin 3
(LGALS3) protein but not RNA expression is elevated compared to MSC
from presumably healthy donor and LGALS3 protein expression in AML
derived MSC is correlated with a distinct set of biologically interconnected
proteins that include MYC and AKT.

Suppression of LGALS3 in MSC reduces AKT and MY C and renders the
stromal cell less able to adhere to AML cells in co-culture.

Kiromic Biopharma's novel LGALS3 inhibitor CBP.001 reduces AML cell
viability in the presence of MSC and sensitizes AML cells to AraC in co-
culture suggesting targeting LGALS3 may be an effective microenvironment
based strategy for AML therapy.
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(A) Santa Cruz LGALS3 antibody sc32790 identifies a single band at 31 kd by western
analysis in 8 different listed cell lines. (B) Array showing detection LGALS3 by s¢32790 at
1:50 dilution. (C) Quantitation of LGALS3 expression of 8 cancer cell lines by Western and
RPPA. (D) Correlation of Western with RPPA of the 8 cancer cell lines. R2 was determined

by Pearson correlation.
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Figure 2. LGALS3 protein but not mRNA is elevated in MSC derived from AML patients
(A) RPPA was used to determine LGALS3 expression in AML derived MSC (N = 54) and

MSC derived from heathy donor (N =71). Student t-test comparison of the two groups
determined a significant difference (***, p = 0.0001). (B) Gene expression LGALS3and
185 rRNA expression was determined by gRT-PCR in AML derived MSC (N = 10) and
MSC derived from presumed heathy donor (N = 9). Student t-test comparison of the two
groups determined no significant difference (p > 0.05).
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Figure 3. LGALS3 protein expression correlates with a distinct set of other proteins in MSC
derived from AML patients

(A) RPPA was used to determine expression of 151 proteins in AML derived MSC (N = 54).
Pearson correlation was performed to identify proteins that correlate with LGALS3
expression based on R = 0.25. (B) String analysis was performed on proteins identified in
(A). Sets were grouped based on those with negative correlation and those with positive
correlation.
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Figure 4. Suppression of LGALS3 by shRNA in MSC reduces MY C expression and suppresses
activation of AKT

Protein lysates from control MSC (LKO) or MSC expressing LGALS3 shRNA were subject
to electrophoresis and immunblot analysis performed using 2 separate filters. (A) Antibodies
against Tubulin, LGALS3, MYC, p-AKT (S473), and total AKT were used. (B) Tubulin and
ITGB3 antibodies were used. Densitometry using LiCor software was performed and ratio
of protein relative to Tubulin assessed relative to LKO MSC are listed. Results for both (A)
and (B) are representative of a single experiment that was performed three different times.
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Figure 5. CBP.001 alone or with AraC reduces viable AML cells in the presence of MSC
(A) THP-1 cells were co-cultured with MSC for 24 hours and then were treated with vehicle,

30 ug/ml CBP.001, 1 uM AraC, or combination of both agents at single agent dose for 48
hours and then adherent AML cells were isolated. Flow cytometry was performed to
determine (A) total viable THP1 cells (CD90-/Annexin V-/DAPI-) and (B) % apoptotic cells
(CD90-/Annexin V +). For A & B, data represents average of three different replicates.
Student t-test comparison of groups compared to control (untreated) determined a significant
difference in all treated groups (**, p < 0.01).
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Figure 6. OCI-AML3 cells adhere less efficiently to MSC with reduced LGALS3
OCI-AML3 cells were co-cultured with control MSC or MSC expressing LGALS3 shRNA

for 72 hours. (A) Cell co-culture was washed and cells visualized in a representative flask
using an inverted light microscope. Two views from the same representative flask are shown.
The plane of focus is on the AML cells. (B) Cells were trypsinized, stained with CD45
antibody, and flow cytometry was performed with counting beads included. Data represents
average of three different replicates. Student t-test comparison of the two groups determined
a significant difference (***, p < 0.001).
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Figure 7. Model of role of LGALS3 in MSC in the leukemia niche
LGALS3 positively regulates MYC and AKT while negatively regulating ITGB3. LGALS3

supports AML cell adhesion and survival in the leukemia microenvironment. LGALS3
inhibitor CBP.001 blocks LGALS3 ability to support MSC mediated survival and adhesion
of AML cells.
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