Fei et al. Galectin-1 and Galectin-3 in B-Cell Precursor Acute Lymphoblastic Leukemia
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Figure S1. Expression of LGALSI and LGALS3 in normal human hematopoietic cells. (a, b) RNA-
seq rLog2 values. Each symbol represents one sample. CD19-positive cells are further marked by
origin from bone marrow (BM), peripheral blood (PB) or cord blood (CB). CD34, CD3, CD56,
CD19, CD15 and CD14 were used as major markers for the following lineages, respectively:
hematopoietic stem cell, T cell, NK cell, B cell, myeloid cell, myeloid cell /macrophage (c) positive
correlation between rLog2 rpkm LGALSI and LGALS3 expression in CD19-positive cells
(CB+PB+BM). The dotted line indicates 95% confidence range of best fit line. R> = 0.341, p =
0.0054. RNAseq data: [1]
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Figure S2. Murine Lgals] and Lgals3 are both expressed during normal B-cell development but in a
different pattern. (a, b) Lgals! and Lgals3 expression during normal mouse B cell development.
Gene expression (GSE38463) of 41 samples from flow-sorted B-cell precursor populations from
common lymphoid progenitor (CLP) through to Hardy stage F [2]. Values, MFI of individual
samples. (¢, d) Gene expression (GSE13) of 5 stages of normal B-cell development on flow-sorted or
ex vivo cells including pre-BI, large pre-BII, small pre-BII, immature B and mature B cell stages.
Each dot represents an independent replicate. Normalized average difference values as described [3].
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Figure S3. LGALSI and LGALS3 have overlapping expression in normal and abnormal human
hematopoietic cells. (a) LGALS1 and LGALS3 RNA expression in human NK cells (GSE27838)
from eight healthy donors and multiple myeloma patients, and NK cells from the same two groups
after ex vivo expansion in the presence of K562-mb15-41BBL cells [4]. Log-transformed GEP
intensity values. Affymetrix genome arrays. *p=0.0228; ***p<0.001; ****p<0.0001. One-way
ANOVA, Tukey’s multiple comparisons test. (b) LGALSI and LGALS3 expression (GSE30029)
compared to previously reported LGALS10 differential expression [5] in AML cells. Magnetic bead-
isolated normal bone marrow CD34+ progenitors (n=31) compared to flow-sorted AML CD34+ and
CD34- mononuclear cells [6]. [llumina BeadChip arrays; each symbol, one sample.
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Figure S4. Galectin-1 and Galectin-3 are both expressed in bone marrow stromal cells. (a) Normal
human bone marrow mesenchymal stromal cells from two individuals described in [7] analyzed by
FACS for both Galectin-3 and Galectin-1 expression. (b) OP9 stromal cells with Galectin-1 or
Galectin-3 knockout. OP9-EV is a control transduced with an empty vector. 4-20% gel. Western blot
using antibodies against Galectin-1 (R&D, 1:1000), Galectin-3 (Biolegend, 1:1000, rat) and -actin-
HRP (Santa Cruz, 1:500). (¢) Expression (GSE56472) of Lgalsl and Lgals3 in OP9 bone marrow
stromal cells treated with imatinib for the indicated time. Triplicate samples, [llumina GeneChip [8].
Differences between Lgals] expression values are not significant. Lgals3, significant
(****p<0.0001) at all time points compared to t = 0. One-way ANOVA, multiple comparisons.
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Figure S5. Galectin-1 on BCP-ALL cells. (a) The indicated BCP-ALL cells were incubated for 1 hr
with 20 png/ml recombinant human Galectin-1 (rGall) protein isolated as described [9]. Detection of
cell-surface bound Galectin-1 was done on non-fixed, non-permeabilized cells using anti-Galectin-1
antibodies. Note that the signal of Galectin-1 and isotype control antibodies completely or partly
overlap, consistent with previous results showing most of the Galectin-1 in these cells is intracellular
9]. (b) Western blot analysis for effect of treatment with GM-CT-01 [20 mg/ml] or GR-MD-01 [10

mg/ml] on reducing levels of Galectin-1 on US7 or TXL2 BCP-ALL cells. a-tubulin, loading
control.
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Figure S6. Schematic illustration of the possible effects of ST6Gall enzyme activity on the ability of
exogenous Galectin-1 to bind to cell surface glycoproteins in BCP-ALL cells. Galectin-1 (and
Galectin-3) can bind to both N-glycans and O-glycans containing terminal lactosamine, structures
that we recently reported to be both expressed on primary BCP-ALL cells [10]. ST6Gall sialylates
N-glycans and inhibits Galectin-1 (and some Galectin-3) binding to glycoproteins that carry them
[11]. However, sialylation of O-glycans is not affected by ST6Gall loss and therefore O-glycans (not
illustrated here) can still be bound by Galectin-1 and Galectin-3.

Top panels: two sources of Galectin-1: the leukemia cells (BCP-ALL) and/or the stromal OP9 BM-
MSC cells. Galectin-1 is made by BM-MSC _.a@®” and by BCP-ALL @ cells.

Bottom panels: ST6Gall attaches Sia € to glycoproteins. This inhibits the ability of Galectin-1
dimers x to cross-link target client N-glycoproteins into lattices.

ST6Gall enzymatic activity results in loss of binding of Galectin-1 $) @to key N-glycoprotein
targets.

Knock down (kd) of ST6Gall increases the number of N-glycan binding sites available for Galectin-
1 if Galectin-1 is present. As illustrated, quantitative binding of Galectin-1 can regulate signal
transduction strength of transmembrane receptors on the plasma membrane by cross-linking them.
Depending on the nature of the signals (pro- or anti-survival), this could lead to (a) better or (b)
lower ability to resist the stress of vincristine treatment.
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Figure S7. Steady-state growth of the indicated human BCP-ALL leukemia cells on OP9 Galectin-3
and Galectin-1 knockout stromal cells is comparable. ATP levels in BCP-ALL cells in the medium
were measured against a standard curve. CellTiterGlo assay, Promega. (a, ¢) JFK125 ST6GALI
knockdown or negative control cells or (b, d) JFK125R ST6GALI knockdown or negative control
cells [12] were co-cultured for 15 days with OP9 Galectin-1 or Galectin-3 knockout cells. **p<0.01,
2-way ANOVA, pair-wise comparisons only between matched BCP-ALLs on OP9 control versus
OP9 KO cells. n=2 samples per time point. JFK125 and JFK125R are Ph-like subtype BCP-ALL and
contain the P2RY8-CRLEF2 fusion [13].
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Figure S8. OP9 stromal cells lacking Galectin-1 expression support drug resistance development of
LAXS56 and LAXS57 cells. (a) LAXS56 cells treated with 7.5 nM vincristine (b) LAXS57 cells treated
with 4.0 nM vincristine. Cell proliferation by CellTiterGlo assay for ATP. Results are expressed as
percentage of the ATP in PBS-treated controls grown in parallel for the same number of days. On
day 12, BCP-ALL cells in the supernatant (D12-F) were harvested and analyzed separately from the
BCP-ALL cells attached to the top and growing underneath the stromal cell layer (D12-U). *p<0.5;
**%p<0.001, two-way ANOVA, multiple pair-wise comparisons between cells grown on OP9 wt and
OP9 Galectin-1 knockout stromal cells, adjusted p-value. n = 3-4 samples per time point. Note that
BCP-ALL cells associated with the stromal layer overall had higher growth rates compared to BCP-
ALL cells that had migrated into the medium.
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Figure S9. Non-stressed BCP-ALLs express little endogenous Galectin-3 but contain different
endogenous levels of Galectin-1. Western blot of the indicated BCP-ALL cells including ST6Gall
knockdown cells (KD) and negative control wild type cells (negC). Protein concentrations were
determined by BCA assay. Antibodies used are as indicated. Samples in ‘b’ are loaded in duplicate
with 2x10° cell equivalents/well. Cells in the medium were collected for Western blot analysis. 4-
20% SDS-PAA gradient gel.



Fei et al. Galectin-1 and Galectin-3 in B-Cell Precursor Acute Lymphoblastic Leukemia

on OP9-WT on OP9-Gal1 KO

US7-neg C US7-KD US7-neg C US7-KD

PBS wver PBS  ver PBS vcr PBS ver

L ——
50 16 116 63 67 40

= ST6Gal1

; «= Galectin-1

39 25

h - - - - ‘dﬁGalecth

...ﬁ -— -n--g-mm

Figure S10. Vincristine treatment does not induce increased Galectin-1 expression in US7 BCP-
ALL cells. Cells including those migrated into the medium and attached to the OP9 stroma were
harvested on d15 of treatment with vincristine or PBS. Antibodies used are indicated to the right. -
actin, loading control. Numbers, % of signal of B-actin loading control in each lane by Image J
quantification of shorter chemiluminescent exposures of the same Western blot.
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Figure S11. Clinical correlates with LGALSI expression in BCP-ALL samples. (a) Mean log-
transformed normalized GEP values for the indicated genes on 220 pediatric de novo ALL at
diagnosis, day 8, day 15, and day 33 of remission-induction therapy (GSE67684). ****p<(.0001,
one-way ANOVA, comparisons with d0. (b, ¢) Adult ALL ECOG E2993; GSE5314. (b) n=54
samples. Median value of LGALS1 expression was determined for all samples. Based on the median
value, samples were grouped into those with higher/equal or lower than the median value. OS
probability is lower for patients with high average LGALSI. p=0.0724. (¢) Patients who achieved a
complete remission (CRP, n=38) compared those who did not (CR"*¢, n=15). Average values, p =
0.122, ns; logrank test.
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Figure S12. Complex formation of Galectin-3 with (Bcr/)Abl in leukemia cells. Lysates made from

(a-c) the CML cell line K562 or (d) BCP-ALLSs. (a). Immunoprecipitation with control Ig or two
different anti-c-Abl antibodies: 3F12 or c-Abl Ab-3 (Calbiochem) as indicated above the lanes.
Antibodies used for immunoblotting are indicated to the left. Arrows to the right of the panels point
to the location of Bcr/Abl and Galectin-3 (Gal-3). Note: the right upper panel was exposed longer
than the left upper panel. (b). Immunoprecipitation with anti-Abl 3F12 or Galectin-3 antibodies
followed by immunoblotting with the antibodies indicated to the left of the panels. (¢)
Immunoprecipitation from K562 lysates of cells grown as suspension culture (lanes 1-2) or on MEFs
(lanes 3-6) as indicated above the panel. Lane 7, total cell lysate. Antibodies used for IP include
control IgG (lanes 1 and 3) or 3F12 anti-Abl (lane 2, lanes 4-6). Lane 5, cells treated for 2 hours with
50 mM lactose; lane 6, cells treated with 10 mg/ml GM-CT-01 for 2 hours. After immunoblotting
with Galectin-3, the panel was stripped and re-probed with anti-Crkl antibodies. A 12% SDS-PAA
gel was used to obtain separation in the lower molecular weight range. (d) Immunoprecipitation of c-
Abl and Ber/Abl from lysates of human BCP-ALL US7 (Ph-negative) and BLQ1 (Ph-positive). Cells
were grown on OP9 stroma before preparation of lysates.



Fei et al. Galectin-1 and Galectin-3 in B-Cell Precursor Acute Lymphoblastic Leukemia

a b . _1gGcontrol Gal3 and MYH9
250! non-muscle R A 85N
- Myosin 1A a4 0% |4 69.2%
' ~ heavy chain % 33 ]
(NMIIA) o1 a7l
- = o % iy ’
; - ’Q;gLL ‘ g‘[}l‘;LF‘Q :GV%LL ?(: erﬂ
B o i i - i 2
MYHS (gene): MYH9
NMIIA Nonmuscle myosin heavy chain IIA)
Accession | Score Coverage | # Proteins f;Um_que # Peptides |# PSMs
eptides
P35579 354.36 38.67 17 56 64 16
c US7 w/ OP9- TXL2 w/ OP9- US7w/ OP9-  TXL2 w/ OP9-
© © ©
oy o o o
¢ & ¢ & & d Q¢ &P
| IP
m- IB: MYH9 with Gal3: - - IB: MYH9
: . IP .
‘n"‘ IB: Gal3 with NMIIA; B
g W Gy chai

= IB: Actin

Input

Immunoprecipitation

Figure S13. Non-muscle myosin [TA (MYH9, NMIIA) forms a protein complex with Galectin-3
(Gal3) in BCP-ALL cells. (a) Western blot detection of MYH9 pulled down with recombinant
Galectin-3 in US7 BCP-ALL whole cell lysate. The table shows proteomics data of the excised

Coomassie Blue stained band of ~250 kDa. (b) FACS

analysis of TXL2 cells (in co-culture with

OP9 stroma) fixed, permeabilized and double-stained with anti-Galectin-3 and MYHO. (¢) Left:
Western blotting of the indicated BCP-ALLs after 14 days of co-culture with OP9-CRISPR-
Galectin-3 knockdown [7] and control OP9. Right: co-IP with anti-Galectin-3 and anti-MYH9
antibodies followed by immunoblotting to detect Galectin-3 and MYH9 in co-IP. Actin, loading

control for lysates; heavy chain IgG (50 kDa), loading
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Figure S14. MYH9 inhibition
decreases BCP-ALL cell migration
and adhesion in vitro. (a) Adhesion
of BCP-ALL cells to fibronectin
(FN) in the presence of blebbistatin
as specific MYH9 inhibitor. (b)
Migration of BCP-ALL cells
toward stroma (12 hr assay) and
200 ng/ml SDF1-a (2 hr assay) in
the presence of 100 uM

1

blebbistatin. Duplicate samples per
BCP-ALL, t-test, * p <0.05.
Blebbistatin (Sigma-Aldrich, St.
Louis, MO) was dissolved in
DMSO and stored at -20°C.
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Supplementary methods-

Abl co-IP: Anti c-Abl Ab-3 antibodies for immunoprecipitation were from Calbiochem (San
Diego CA). For immunoprecipitations, 1 mg of protein was used. Lysates were pre-cleared by
incubation with 3 ug rabbit or mouse IgG and PAA. ALL cells were lysed for 30 minutes on ice in
RIPA buffer (50 mM Tris-HCI, pH 8.0, 150 mM NacCl, 1% Triton X-100, 0.5% deoxycholate, 0.1%
SDS, 5 mM EDTA) containing PMSF, aprotinin, leupeptin, pepstatin A, Na-fluoride and Na-
orthovanadate. BLQ1 has been described previously [14] and, similar to TXL2 and K562, expresses
the P210 version of Ber/Abl.

GST-Galectin-3 interactions: For biotin-streptavidin pull down, purified recombinant Galectin-
3-GST and GST control (1 mg) 24 were biotinylated (#21335, Thermo Scientific) for 2 hr at 4°C
while rotating. After removal of excess biotin (3K spin column, #OD003C33, Pall, Port Washington,
NY), the biotinylated proteins were incubated with whole cell lysates (RIPA buffer) isolated from
pre-B ALL cells, at 4°C overnight. Streptavidin-conjugated magnetic beads (#65801D, Invitrogen) at
2-fold excess were used to pull-down biotin-bound peptides along with Galectin-3 binding partners
(following the manufacturer’s instructions). The pull-down product was run on SDS-PAGE gels and
stained with Coomassie Blue. A band at ~250 kDa was excised and analyzed by Mass Spectroscopy
(University of Southern California Proteomics Core Facility).

NMIIA/MYH9 co-IP: Whole cell lysates for IP were prepared with IP lysis buffer containing 25
mM Tris-HCI pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% NP-40, 0.25% deoxycholic acid (sodium
deoxycholate) and 1x protease and phosphatase inhibitors (Roche, Basel, Switzerland). At least 500
ug lysate was used to pull down protein complexes using protein G Agarose beads (#20398, Pierce,
Thermo Scientific) and ~4 pug antibodies against Galectin-3 and MYH9/NMIIA whereas 1 pg normal
IgG was used as negative control (1:100 ratio). Denatured pull down samples were subjected to
regular Western blotting with exception of using TrueBlot IP secondary antibody (Rockland
Immunochemicals, Limerick, PA) for immunodetection.

BCP-ALL growth on OP9 Galectin-1 knockout cells: OP9 Galectin-1 and Galectin-3 knockout
cells have been previously described [7, 12]. LAX56 and LAX57 were described in [15].

Supplementary results- ABL:

Actin cytoskeletal reorganization is essential for cell migration, and in some cell types Abl was
shown to play a critical role in regulating actin dynamics [16]. In leukemias with a BCR/ABL
translocation, the actin binding domain of Abl is retained in the fusion protein and the Bcr/Abl
protein associates with the actin cytoskeleton via the Abl actin-binding domain. Thus Bcr/Abl also
regulates cell migration [17, 18]. Interestingly, Galectin-3 was shown to form a protein complex with
Abl in prostate and breast cancer cell lines and becomes phosphorylated on tyrosine [19-21].
However, BiolD analysis to characterize Bcr/Abl-interacting proteins did not report complexes with,
or tyrosine phosphorylation of, Galectin-3 in mouse hematopoietic cells [22] and one of the most
comprehensive analysis of the Galectin-3 interactome reported to date does not include c-Abl [23].

To determine if Ber/Abl and Galectin-3 interact in leukemia cells that express endogenous
Galectin-3, we made use of the CML cell line K562, because it contains multiple copies of the
BCR/ABL gene [24]. As shown in Figure S12a (lane total lysate, immunoblotted with Galectin-3
antibodies), we confirmed that K562 cells express Galectin-3 protein endogenously in the absence of
stromal cells. Interestingly, Galectin-3 was detected in immunoprecipitates with Ber/Abl using two
different anti-c-Abl monoclonal antibodies (Figure S12a, IP Abl 3F12 or IP Abl Ab-3; bottom panel,
Gal3 WB). To determine if Galectin-3 becomes tyrosine phosphorylated in these cells, we
immunoprecipitated Galectin-3 and used anti-PY20 antibodies to examine the precipitated protein.
Figure S12b (right panel: IP Gal3, IB pY20) shows that Galectin-3 is tyrosine phosphorylated and
confirmed it is detected in the Ber/Abl immunoprecipitate (left panel: IP 3F12, IB: Gal3).

To investigate if exogenous Galectin-3 provided by stroma also interacts with Abl, we co-
cultured the K562 with MEFs, prepared lysates, and preformed immunoprecipitations with anti-Abl
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3F12 antibodies. As shown in Figure S12c, compared to K562 cultured alone, the co-cultured cells
contained a higher molecular Galectin-3 weight band (compare lanes 2 and 4, Gal-3 WB)
representing murine Galectin-3. Mouse Galectin-3 as well as endogenous human Galectin-3 co-
immunoprecipitated with Ber/Abl (Figure S12¢, double band in IPs from K562+MEF lysates, 3F12
IPs, Galectin-3 WB). Re-probing of the membrane with anti-Crkl antibodies showed that Crkl had
also been co-immunoprecipitated with Bcr/Abl as expected [25]. These results suggest that both
endogenously produced as well as exogenous Galectin-3 bound to or taken up by K562, can interact
intracellularly with (Bcr)/Abl.

To confirm that Ber/Abl indeed forms a complex with exogenously produced Galectin-3, we
immunoprecipitated Ber/Abl from human Ph-positive BLQ1 BCP-ALL cells. These do not express
much Galectin-3 endogenously under steady state conditions [26]. Figure S12d (IP 3F12 IB:
Galectin-3) shows that we also detected co-immunoprecipitation of Bcr/Abl with Galectin-3 in
BLQ1 cells, indicating that mouse Galectin-3 and human Ber/Abl also interact. As we also detected
co-immunoprecipitation of c-Abl with Galectin-3 in US7 cells, which are Ph-chromosome negative
and do not contain Ber/Abl (Figure S12d), interaction of Abl with Galectin-3 may be a common
mechanism that could regulate migration of BCP-ALL cells.

Supplementary results- MYH9:

We used proteomics to identify other intracellular Galectin-3-interacting proteins. Biotinylated
recombinant Galectin-3 was incubated with whole cell lysates from ALL cells and magnetic beads
conjugated to streptavidin were used to pull down Galectin-3 and proteins bound to it. This method
identified non-muscle myosin heavy chain IIA (NMIIA) as a major protein interacting with Galectin-
3 (Figure S13a). Interestingly, MYH9/NMIIA is an essential component of the cell motility
machinery [27], regulating actin polymerization and cell contractility [28].

FACS double staining for both Galectin-3 and MYH9 in BCP-ALL cells in co-culture with OP9
stroma showed co-expression in a high percentage of BCP-ALL cells (Figure S13b), whereas co-
immunoprecipitation (co-IP) with antibodies specific for Galectin-3 and MYH9 was used to confirm
their endogenous protein-protein interaction in BCP-ALL cells (Figure S13b). We performed the co-
IPs in whole cell lysates extracted from BCP-ALL cells expanded on OP9-Galectin-3-CRISPR
knockdown stromal cells (described in [7]) and compared the outcome to BCP-ALL cells co-cultured
with control OP9-EV. As depicted in Figure S13c, right panel, whereas Galectin-3 and MYH9 found
in a co-IP in BCP-ALL cells cultured with normal OP9, no MYH9 was present in an [P with anti-
Galectin-3 antibodies using lysates of BCP-ALL cells grown with OP9-Galectin-3-KD. These results
were repeated with an IP using anti-MYH9 antibodies (NMIIA, Figure S13c¢), providing further
support for the specificity of affinity between Galectin-3 and MYH9. As the co-immunoprecipitation
could not be inhibited by lactose (results not shown) the interaction between these two proteins is not
mediated by the Galectin-3 carbohydrate recognition domain binding to glycan modified MYH9.
Based on these results, we conclude that Galectin-3 and MYH9 interact directly inside BCP-ALL
cells in a carbohydrate-independent manner. These results agree with Joeh et al [23], who also found
a lactose-independent interaction between Galectin-3 and MYH9 in peripheral blood mononuclear
cells.

To test the direct involvement of MYH?9 in regulating BCP-ALL cell adhesion and migration we
measured the effect of blebbistatin, a highly specific inhibitor of MYH9 ATPase activity, on these
BCP-ALL functions. We selected an effective but non-toxic (>88% cell viability after 48 hr, not
shown) dose of blebbistatin (final concentration of 50-100 uM) for MYH9 inhibition in BCP-ALL
cells. As shown in Figure S14a, MYH9 inhibition resulted in a significant reduction in BCP-ALL
adhesion to fibronectin. We also evaluated the effect of blebbistatin on BCP-ALL cell migration
toward SDF1-a (200 ng/ml) and OP9 stromal cells. Incubation of BCP-ALL cells with blebbistatin
(100 uM) significantly reduced the extent at which BCP-ALL cells migrated to both SDF-1a and
OP9 cells (Figure S14b). These results together suggest that Galectin-3 may modulate the adhesion
and migration of BCP-ALL cells through MYH?9.
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