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Cancer-Associated Glycoforms of Gelatinase B Exhibit a Decreased Level of
Binding to Galectin-3
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ABSTRACT: Gelatinase B (MMP-9) and galectin-3 are widely known to participate in tumor cell invasion

and metastasis. Glycans derived from MMP-9 expressed in MCF-7 breast cancer and THP-1 myeloid
leukemia cells were compared with those from MMP-9 expressed in natural neutrophils. The many O-linked
glycans of neutrophil gelatinase B presented a cluster of mainly galactosylated core Il structures, 46% of

which were ligands for galectin-3; 11% contained

two to thxeacetyllactosamine repeating units that

are high-affinity ligands for the lectin. The glycan epitopes thus provide MMP-9 with both high-affinity
and (presumably) high-avidity interactions with galectin-3. In contrasiQtlgé/cans released from MMP-9
expressed in MCF-7 and THP-1 cells were predominantly sialylated core | structures. Only 10% of MCF-7
and THP-1 gelatinase B-glycans were ligands for galectin-3 and contained only a maximum single
N-acetyllactosamine repeat. Consistent with the glycan analysis, surface plasmon resonance binding assays
indicated that the cancer-associated glycoforms of MMP-9 bound galectin-3 with an affinity and avidity
significantly reduced compared with those of the natural neutrophil MMP-9. Galectin-3 exists as a multimer
that also binds laminin, providing a means of localizing neutrophil MMP-9 in the extracellular matrix
(ECM). The analytical data presented here suggest that MMP-9 glycoforms secreted by tumor cells are
unlikely to be tethered at the site of secretion, thus promoting more extensive cleavage of the ECM and
providing a rationale for the contribution that gelatinase B makes to cancer cell metastasis.

The matrix metalloproteases (MMPsre a family of
Zn**-dependent endopeptidasel) that are involved in
extracellular matrix (ECM) remodeling in a variety of
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prodomain (proteolytically removed to yield active enzyme),

physiological and pathological processes. MMP degradation
of ECM proteins is associated with many aspects of cancer
progression, including cancer cell growth, differentiation,
apoptosis, migration, and invasion, as well as regulation of
angiogenesis and immune surveillan2 (

Gelatinase B (MMP-9) is a key regulator and effector of
immunity 3, 4). Like other MMPs, MMP-9 contains a

an active domain, and a zinc-binding domain. In addition,
gelatinase B also contains a gelatin-binding fibronectin
domain, an O-glycosylated domain, and a carboxy-terminal
hemopexin domain. No complete crystal structure of gelati-
nase B exists; however, gelatinase B shares considerable
sequence homology with gelatinase A. A model of gelatinase
B (Figure 1) has been generated by inserting the Ser, Thr,
and Pro rich collagen-type V-like domain into the crystal-
lographic data of gelatinase A)( Recent ultracentrifugation
data 6) exclude the possibility that the O-glycosylated
domain adopts an extended conformation. Natural gelatinase
B from human neutrophils is heavily glycosylated 8).
MMP-9 contains three consensus sequences for the attach-
ment of N-linked glycans, only two of which are occupied
(9, 10), one in the prodomain (AgglLeu-Thr) and one in

the active domain (Aspglle-Thr or Asn,7Tyr-Ser, SWIS-
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Ficure 1. Molecular models of gelatinase B. Molecular models of gelatinase B from neutrophils and MCF-7 cells, based on the
crystallographic studies, ultracentrifugation data, and glycan sequencing: orange for the propeptide domain, green for the zinc-binding and
active site domains, dark blue for the fibronectin domains, light blue for the OG domain, pink for the hemopexin domain, purple for the
zinc ion in the active site, yellow for N-linked and O-linked glycans containing galectin binding epitopes, and orange for O-linked glycans
without galectin binding epitopes. (A) Neutrophil gelatinase B. (B) MCF-7 gelatinase B. (C) Complex of neutrophil gelatinase B with six
galectin-3 CRDs. (D) Complex of MCF-7 gelatinase B with two galectin-3 CRDs.

SPROT numbering scheme). residues 18). The suggestion is that galectin-3 would tether
Gelatinase B is typically stored in large amounts in MMP-9 to the cell surface under normal conditions. In the
neutrophil granules to allow rapid release in the innate tumor situation, the aberrant glycosylation makes this less
immune responsed (). Expression levels are increased in likely and consistent with the proposal that the altered
many cancer cell types, including breast carcinomas. glycans allow cells to detach from the ECM.
Gelatinase B is a member of the protease cascade that cleaves Galectin-3 is a 30 kD#-galactose binding lectin that has
ECM proteins, and it is required for effective cell invasion a carboxy-terminal carbohydrate recognition domain (CRD)
and metastasislg, 14). (19) and a flexible Pro, Tyr, and Gly rich amino-terminal
Galectin-3 is connected to the biology of MMPs in several domain that contains the gelatinase B cleavage site. This
ways under normal and pathological conditions, e.g., down- amino-terminal collagen-like domain is required for the
stream regulation of MMP-9 during bone formatidrby. In noncovalent self-association of two to five galectin-3 mol-
addition, galectin-3 has been shown to play various roles in ecules 20—22). Multimeric galectin-3 cross-links glycopro-
cancer metastasid ), e.g., by interacting with sugars in teins carrying glycans terminating in galactose, such as
the fibronectin proteinl(7). Galectin-3 is localized on various  laminin and MMP-9. Cleavage of the Ala-Tyrss bond of
cell surfaces, presumably by interacting with cell-surface galectin-3 by gelatinase B reduces the level of self-associa-
glycoproteins displaying sugars with terminal galactose tion and thus abrogates processes dependent on28)is (
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Aberrant glycosylation is a common feature of cancer that gelatinase B and (2) without inducer, no gelatinase B was
can significantly modulate the functions of the proteins to detected.
which they are attache®4—28). Here, the glycosylation Large-scale production of MCF-7 gelatinase B was
of natural neutrophil gelatinase B has been compared with obtained by stimulating liters of MCF-7 cell culture with
that of gelatinase B secreted from MCF-7 breast cancer cellsPMA, and the resulting supernatant was purified by gelatin
and THP-1 myeloid leukemia cells. As a result, fewer core affinity chromatography. For the production of THP-1
2 O-linked glycans were found on the MCF-7 and THP-1 gelatinase B, LPS was chosen as a physiological inducer.
gelatinase B. The decrease in the level of binding of Panel E in Figure 2 shows protein staining with Coomassie
galectin-3 to MMP-9 glycoforms secreted by tumor cells, Blue of the purified preparations from MCF-7 and THP-1
determined by surface plasmon resonance, may provide aumor cells. In both cases, the purified material contained
rationale for the contribution that gelatinase B makes to the tissue inhibitor of metalloproteinase-1 (TIMP-1) (Figure 2E),
cancer-associated processes of invasion and metastasis. as did the THP-1 gelatinase B1). TIMP-1 contains two
N-linked glycosylation sites but no reporté€¥glycans.
RESULTS Analysis of the N-Linked Glycans of GelatinaseABinal
purification step to separate TIMP-1 from gelatinase B was

Production of Cancer-Associated Glycoforms of Gelati- carried out via reducing SDSPAGE (Figure 2E)N-Glycans
nase BPhorbol myristate acetate (PMA) upregulates expres- o e released directly from gel bands containing gelatinase

sion levels of gelatinase B in many cell types by directly g by incubation with PNGaseF. Each glycan pool was

activating protein kinase C (PKCLL, 29, 30). Activated ¢ psequently labeled with 2-aminobenzamide (2-AB) and
PKC influences signal transduction, leading to enhanced resolved by normal phase high-performance liquid chroma-
t(anscription O.f the gelatinase B gerid) Iripopoly§acg:ha— tography (NP-HPLC). By comparison with a standard
ride, a bacterial cell wall component with @ major immu- -y 4ran hydrolysate ladder, oligosaccharide elution positions
nostimulatory role in Gram-negative infections, is another 14 pe expressed as glucose units (GU). Preliminary
inducer of gelatl_nase B30), which acts mainly on leukocytes gy cqres of oligosaccharides were assigned by reference to
t.hrough the action of the LPS receptors CD14 and/or Toll- the GU values of a database of standard sug@®s 4nd
like receptor-4. confirmed by using a series of parallel exoglycosidase array
MCF-7 breast cancer cells were therefore incubated in digestions (Figure 3A,B).
serum free medium in the presence of a range of LPS and Core fucosylated complex-type biantennaxyglycans
PMA concentrations. For each condition, A0 of medium  were detected on both THP-1 and MCF-7 gelatinase B. The
was tested for gelatinase levels by gelatin zymography nonreducing termini of THP-1 gelatinaseNBglycans were
(Figure 2). Treatment with LPS did not result in any more heavily sialylatedo2—3- anda2—6-linked) than those
induction of gelatinase B (92 kDa) expression after 48 h of MCF-7 gelatinase B but carried less outer arm fucose
(Figure 2A), while gelatinase A (70 kDa) was constitutively (q1—-3GIcNAc). Triantennary and bisected triantennary
present. Considerable gelatinase B expression levels were\-glycans were detected following sialidase (ABS) treatment
achieved by incubating MCF-7 cells in the presence of PMA (Figure 3B and Table 2). The MCF-7 gelatinasélfgjlycan
after 24, 48, or 72 h, and the highest levels were obtained sjalic acids were al:2—3-linked, and outer arm fucose was
with 10-100 ng/mL PMA after 48 h (Figure 2B). Compari- present imx1—2Gal andal—3GIcNAc linkages (Figure 3A
sons of dilutions of the culture fluids of induced MCF-7 cells and Table 1)N-G|ycan ana|y5i5 of neutroph” ge|atinase B
with undiluted MCF-7 supernatants indicate that the expres-as carried out previously by Rudd et a).(More than
sion of gelatinase B is approximately 500-fold enhanced by 9504 were partially sialylated, core fucosylated biantennary
PMA, compared to the low but detectable basal expressionstryctures with and without outer ared—3-linked fucose.

level (Figure 2C), as measured by zymography. Furthermore,No N-acetyllactosamine structures were identified.
this analysis allowed for a careful comparison of the relative  Analysis of the O-Linked Glycans of Gelatinase B.

molecular mass of gelatinase B and showed that the MW of O-Linked glycans were released from gelatinase B by
the MCF-7 gelatinase B was slightly lower than that of optimized hydrazinolysis at 6TC for 6 h. Structures of the
gelatinase B from neutrophils and higher than that of 2.AB-labeledO-glycans were assigned from their GU values
recombinant gelatinase B produced in Sf9 insect cé)ls (  and the result of exoglycosidase digestions. Figure 4
Furthermore, it is clear that the MW did not change upon demonstrates that there is little variation in O-glycosylation
induction with PMA. These data prOVide a first indication between MCF-7 and THP-1 ge|atinase B. All of these
that the size of the N- and O-linked glycans of MCF-7 relatively smallO-glycans are heavily sialylated, and no
gelatinase B is intermediate between the relatively large fucosylation was detected. Sialylated coreOtglycans
sugars of neutrophil gelatinase B) (and the small sugars  (Ga|31—3GalNAc) were the most abundant, and monosia-
found on recombinant gelatinase B from insect céljsThe  |ylated and disialylated core | was present in both cases. The
data also suggest that no major changes in the number an¢emainingO-glycans were all of the galactosylated core II-
size of glycans per molecule of gelatinase B occur upon type (GaP1—4GIcNAS1—6[Gaj31—3]GalNAc) further modi-
induction with PMA. fied by one or two sialic acids. ThH@-glycans of neutrophil

In the leukemic THP-1 cell line, considerable induction gelatinase B were analyzed by Mattu et &) &nd mainly
of gelatinase B was obtained with both PMA and LPS, as consisted of type Il cores with lactosamine extensions, with
expected §1). The induction of THP-1 cells with different  or without sialic acid or outer arm fucose.
concentrations of LPS after 48 h is shown in Figure 2D and Lactosamine extensions on oligosaccharides are often
indicates that (1) the MW of THP-1 gelatinase B is also important functional determinants and are, in particular, good
intermediate between that of neutrophil and recombinant Sf9 ligands for galectin-3. Therefore, the relative percentages of
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A m @ 2 o glycans containing one, two, or three lactosamine units
T 8 MCF-7+LPS(ugm) & & ;

iGafe £ o 1 10 M E E (repeats) were calculated for the glycoforms of neutrophil
= =

gelatinase BY) and for the glycoforms of THP-1 and MCF-7
gelatinase B (Figure 5).

Lactose Inhibits Binding of Galectin-3 to Gelatinase B.
This interaction of gelatinase B with galectin-3 was shown
to be mediated by the sugars in inhibition assays using lactose
(a galectin-3 ligand); 96-well plates were coated with human
recombinant galectin-3 before addition of 100 ng of gelati-
B 3 3 MCF-7 + PMA (ng/mi) & ? nase B and increasing concentrations of lactose. Bound

€ E 0 1 1010 £ € gelatinase B was eluted and detected by zymography (Figure
-_— — 6). The data indicate that gelatinase B is a ligand for
galectin-3 and that lactose inhibits binding of galectin-3 to
neutrophil, THP-1, and MCF-7 gelatinase B, consistent with
galectin-3 binding to gelatinase B glycans.

MMP-9 Binds the CRD of Galectin-The extended non-
CRD N-terminal domain of galectin-3 has a collagen-like
structure and contains a gelatinase B cleavage site; therefore,
both protein-protein and proteirrcarbohydrate interactions
with galectin-3 may be involved in the binding to gelatinase
B. Galectin-3 was therefore digested witBlostridium
histolyticumcollagenase type 1l to yield an NHerminally
truncated form of galectin-3 (galectin-3C) which contains
an intact CRD but lacks the gelatinase B cleavage site; 96-
well plates were coated with either human recombinant
galectin-3 or galectin-3C before addition of 100 ng of
gelatinase B and 40 mM lactose or sucrose. Bound gelatinase
B was eluted and detected by zymography (Figure 7). Data
in Figure 7 show that lactose but not sucrose inhibits the
binding of neutrophil gelatinase B to galectin-3 (lanes 2 and
3) and also to galectin-3C (lanes 5 and 6). These data are
consistent with a specific lectincarbohydrate interaction
between gelatinase B and the galectin-3 CRD.

Quantitatie Analysis of Galectin-3 Binding to Gelatinase
B. Surface plasmon resonance (SPR) was used to measure
the affinities and stoichiometries of binding of galectin-3 to
the different gelatinase B samples. Purified gelatinase B from
THP-1, MCF-7, and neutrophils was immobilized on a sensor
surface, thus normalizing the concentrations, and binding was
analyzed over a range of galectin-3 concentrations. Binding
affinities of galectin-3 for THP-1- and MCF-1-derived
gelatinase B were similarKgs of 800 and 900 nM,
respectively) with a modest increase in Bg.x values for
the MCF-7 material (440 vs 560 resonance units) (Figure
FIGURE 2: Production of cancer-associated glycoforms of gelatinase 8A,B). The binding characteristics of galectin-3 for the
B. MCF-7 cells were grown to 80% confluence and then incubated neutrophil-derived gelatinase B were distinctly different
in serum free medium for 48 h in the presence of different (Figure 8C); it exhibited a markedly higher overBli. (2100

concentrations of LPS (A) or PMA (B); 18L of medium was . : .
tested by gelatin zymography and compared with gelatinase B from RU) with a slightly weakerKq (3 M) and has a minor

human neutrophils (hn gelB) and with recombinant human gelati- component of binding that has a significantly higher affinity
nase B produced in Sf9 insect cells (rh gelB). White bands on the (110 nM with aBpax of 170 RU).

Coomassie blue-stained zymogram indicate the presence of gelati-

nase activity. Gelatinase B migrates at a relative molecular massp|SCUSSION

of ~90 kDa, whereas gelatinase A (approximately 72 kDa) is

constitutively expressed. (C) Comparison of 1:20, 1:100, and 1:500 ~ Gelatinase B GlycosylationThe glycoforms of MCF-7

dilutions of MCF-7 cell supernatans induced with 100 ng/mL PMA _ ; ; : ;
with gelatinase B and gelatinase A in the undiluted supernatants and THP-1 gelatinase B have shorter oligosaccharide chains

of uninduced MCF-7 cells and with gelatinase B from human than natural neutrophil gelatinase B. Such short glycan chains
neutrophils or recombinant Sf9 gelatinase B. (D) THP-1 cells were are a common feature of cancer cell proteins and give an
induced with different concentrations of LPS, and the gelatinases indication that normal glycosylation pathways have often

in the supernatants were analyzed with gelatin zymography andpeen disrupted in cancer cells. In breast cancer, for example,
compared with natural neutrophil and recombinant Sf9 gelatinase

B. (E) Reducing SDSPAGE of 5ug of material purified from MUC1 O—glyce.ms. are core | rather 'than core ll-type
MCF-7 and THP-1 cells by ge|aﬁfSepharose aﬁ|n|ty chroma- structures. Th|S IS the reSU|t Of an InCI’eased IeVeI Of
tography shows the presence of purified gelatinase B and TIMP-1. expression of a sialyltransferase that competes with a core

elB

MCF-7 + PMA (ng/ml)
0 100 0 100 0 100
11 120 11 1100 111 1/500

rh gelB
hn gelB
hn gelB

o 2 o
S 5 THP-1+LPS (ugml)
€ £ 0 1 10 5 E

rh gelB
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Ficure 3: Structural analysis of (A) MCF-7 gelatinase\Bglycans and (B) THP-1 gelatinaseNBglycans. 2-AB-labeled oligosaccharides
released from gelatinase B by PNGase F in gel digestion were resolved by NP-HPLC. Glycan structures were determined from their elution
position (measured in GU) by comparison with GU values of a database of standard glycans. Assignments were confirmed using simultaneous
exoglycosidase arrays of known specificity. Arrows indicate the shift of peaks following digestion with enzyme arrays. The major peaks
(those with peak areas 6f2%) have been annotated and assigned. ABAS. isreafacienssialidase (removea2—3 or —6-linked sialic

acid), AMF almond meal fucosidasel—3 or —4-linked Fuc), BKF bovine kidney fucosidasel—6 or —2-linked Fuc), and BTG bovine

testes galactosidasgl—3 or —4-linked Gal). Structural abbreviations are as follows. Mglycans have two core GIcNAcs: Fc, Fuk-6

linked to inner core GIcNAc; & number X) of antennae (GIcNAc) on the trimannosyl core; B, bisecting GIcNAc (link&e4 to inner

mannose); & number K) of Gals on antennae;x-number X) of Fucs on antennaexsSnumber X) of sialic acids on antennae; linkage

of outer arm Fuc{1—2 or al—3) and sialic acid 2—3 or a2—6) shown in parentheses.

Il GIcNAc transferase for their shared core | substr@®.( resistance of matriptase to degradati@%)( This in turn

This decrease in core 2 structures, however, may not beenhances matrix metalloproteinase activation and metastasis
generalized for all cancer cell types, as, e.g., in colonic (36, 37).

carcinoma core |l GIcNAc tranferase it was found to be  Glycans of Gelatinase B Bound by Galectinalatinase
increased 34). The altered glycosylation status of both B contains two N-linked glycans and 18 potential O-
secreted and cell-surface glycoproteins can endow theglycosylation sites in the 56-residue O-glycosylated domain
proteins with alternative properties that can aid tumor (as predicted by the NetOGlyc 3.1 server, www.cbs.dtu.dk/
progression. For example, an increased degreglof services/NetOGlyc/). Several factors implicate the O-linked
6GIcNAc branching (mediated by UDP-GIcNAemannose glycans as the source of variations in the interaction between
B1—6-N-acetylglucosaminyltransferase) leads to increased galectin-3 and gelatinase B of various origins. First, galec-
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Ficure 4: Analysis of (A) MCF-7 gelatinase B-glycans and (B) THP-1 gelatinase@glycans. 2-AB-labeled oligosaccharides released

from gelatinase B by manual hydrazinolysis were resolved by NP-HPLC. Glycan structures were determined from their elution position
(measured in GU) by comparison with GU values of a database of standard glycans. Assignments were confirmed using simultaneous
exoglycosidase arrays of known specificity. Arrows indicate the shift of peaks following digestion with enzyme arrays. The major peaks
have been annotated and assigned. Peak 4 is the result of degradative [B®liddB6 is A. ureafacienssialidase (removea2—3 or

—6-linked sialic acid) and BTG bovine testes galactosidgde-8 or —4-linked Gal). Note that BTG removes only the G&I3 from
2AB-labeled GalNAc of core 1 with very low efficiency due to the GalNAc being in the open-ring f8&n The scheme for glycan
representation is as follows#) N-acetylgalactosamine®) galactosamine ) N-acetylglucosamineX) sialic acid, (dashed line)-linkage,

(solid line) B-linkage, (\) -6 linkage, ) 1—4 linkage, (/) +-2 linkage. ND means not detected.

tin-3 is more likely to encounter a@®-glycan since these  units, and 3% with threll-acetyllactosamine repeats. MCF-7
are more abundant than the tiMeglycans. The 18 potential and THP-1 have less than 10% of their glycans with one
O-glycosylation sites, most of which are predicted to be N-acetyllactosamine and none with more (Figure 5). There-
occupied 8), present multiple ligands for galectin-3 in a fore, compared with gelatinase B from the cancer cell lines,
binding domain. Galectin-3 has affinity for lactosamine neutrophil gelatinase B has nearly 10 times as many multiply
disaccharides (GAL—4GIcNACc); it recognizes the 4- and presented ligands for galectin-3. This may be assumed to
6-OH groups of Gal and the 3-OH group of GIcNAc. This increase the avidity of the interaction between neutrophil
affinity dramatically increases in response to increases in gelatinase B and galectin-3 (although the avidity was not
the number of repeatiny-acetyllactosamine (LN) units in  measured in this study). In addition, many of these ligands
the substrate, i.e., LNKy = 26 uM), LN2 (K4 = 1.3 uM), have a higher affinity for the lectin, as they contain more
and LN3 Kq = 0.35uM) (38). Neutrophil gelatinase B N-acetyllactosamine units.

O-glycans (ranging from 2 to 10 monosaccharides) consist Interaction between Galectin-3 and Gelatinase Te

of the following: 35% of the structures with oni- glycan analysis, SPR data, and zymography assays were all
acetyllactosamine unit, 8% with twhl-acetyllactosamine  consistent with binding of the galectin-3 CRD to the
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Ficure 7: Gelatinase B binds collagenase-treated galectin-3: (A)

Ficure 5: Relative proportions of gelatinase@®glycans contain-
ing lactosamine. Gelatinase ®-glycans that contain lactosamine
are shown as a percentage of the en@rglycan pool: LN1,
O-glycans containing on&-acetyllactosamine repeat; LNB)-
glycans containing twad\-acetyllactosamine repeats; and LN3,
O-glycans containing threl-acetyllactosamine repeats.

neutrophil gelatinase B, (B) MCF-7 gelatinase B, and (C) THP-1
gelatinase B. Lanes-13 show wells coated with 2 /&g of galectin-3

and lanes 46 wells coated with 2..xg of galectin-3C, and lane 7
shows a positive control (well coated with gelatin); 100 ng of
gelatinase B was added in the presence of 40 mM lactose (lanes 2
and 5) or sucrose (lanes 3 and 6). Bound gelatinase B was eluted

with loading buffer and visualized by gelatin zymography. White

A 1 B o - bands on the Coomassie blue-stained zymogram indicate gelati-
_ Neutrophil gel B nolytic activity.
B in experimental metastasis assays demonstrating that fewer
_ MCF-7gel B colonies are formed in the lungs of mice when gelatinase B
is downregulated in cancer cell43) and when MMP-9-
C_ THP-1 gel B null mice are compared to wild-type mic&4j. The role of
gelatinase B glycosylation on in vivo metastasis of either
1ng 0 40 200 1M 1M +ve MCF-7 and THP-1 cells remains unknown because in vitro,
gel B mM mM control MCEF-7 cells express only small amounts of gelatinase B and
THP-1 cells fail to express gelatinase B spontaneously.
lactose sucrose

Further studies are required to determine whether and by
(A) neutrophil gelatinase B, (B) MCF-7 gelatinase B, and (C) which agonists gelatinase B expression is induced in these

THP-1 gelatinase B. ELISA plates (96 wells) were coated with 2.5 forms _Of cancer in vivo. D_uring inflammation, interleukin-8
ug of galectin-3 (or gelatin as a control); 100 ng of gelatinase B (IL-8) is produced by various cell types and acts as both a
was added in the presence of lactose or sucrose (negative control)neutrophil chemoattractant and an inducer of degranulation
Bound gelatinase B was eluted with loading buffer and visualized of gelatinase B. Neutrophil gelatinase B potentiates IL-8 by
by gelatin zymography. White bands on the Coomassie blue'Sta'nedamino-terminal clipping, thus providing a positive feedback

zymogram indicate gelatinolytic activity: lane 1, 1 ng of gelatinase . . . .
BB;/ Iange 2, gelatinasge B bou¥1d by gal}clactin-3 in thegpregsence of 0 100p (39). Galectin-3-mediated sequestration of neutrophil

mM lactose; lane 3, gelatinase B bound by galectin-3 in the presencegélatinase B at sites of inflammation may facilitate the
of 40 mM lactose; lane 4, gelatinase B bound by galectin-3 in the establishment of considerable IL-8 activity and localized
p;?:gt?lf% igfthiooren;x]cgg&sgctlggg |§hegglat¢iar|§?r?a38e é’%‘éﬁ?,dby degradation of the ECM. Whereas neutrophil gelatinase B
gy galectin-3 in fhe presencé b M sué:rose; ér?d lane 7, positive may be retarded as a consgquence of binding of .gale.Ctln_B
control (well coated with gelatin). to the ECM, cancer cell gelatinase B may more easily diffuse
into the extracellular matrix away from the cells from which
it was secreted. This would lead to more widespread matrix
degradation, thus facilitating cancer cell invasion and an-
giogenic growth. By altering its glycosylation, cancer cells
may secrete a form of gelatinase B that facilitates cancer
progression in a manner that complements that of neutrophil
gelatinase B.

FiGure 6: Lactose inhibits binding of galectin-3 to gelatinase B:

O-glycans of gelatinase B. The number of saturatable binding
sites determined by SPR was also consistent with the
comparative glycan analyses of gelatinase B derived from
THP-1 cells, MCF-7 cells, and neutrophils (Figure 5). The
high-affinity site observed for binding of galectin-3 to
neutrophil-derived gelatinase B can be ascribed to the
presence of tetra- and hexasaccharide moieties in this sampleyjaATERIALS AND METHODS
The zymography assays, although not quantitative, indicated
that the binding of gelatinase B to galectin-3 can be inhibited ~Sample PreparationHuman neutrophil 11, 39) and
by lactose D-3-p-galactopyranosyl-(£4)-3-p-glucopyra- THP-1 gelatinase B 31) were purified as previously
nose], an established ligand for galectin-3. In contrast, described. The human MCF-7 breast cancer cells were
sucrose, which is a disaccharide consisting of glucose andincubated for 48 h at 37C in serum free Dulbecco’s minimal
fructose, did not inhibit the binding. essential medium containing 10 ng/mL phorbol 12-myristate
Altered Gelatinase B Glycosylation and Reduction of the 13-acetate (PMA). Cell supernatants were harvested, filtered,
Level of Galectin-3 Binding in Cancer May Engage in and purified by affinity chromatography on gelatin
Widespread Degradation of the ECMn important aspect ~ Sepharose as previously describéd)(
of tumorigenesis is basement membrane and extracellular In-Gel Enzymatic Release of N-Linked GlycaParified
matrix degradation. Gelatinase B is implicated in this process gelatinase B samples were reduced and alkylated prior to
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Ficure 8: Surface plasmon resonance analysis of binding of
galectin-3 to gelatinase B. The binding of galectin-3 to immobilized
gelatinase B derived from THP-1 cells (A), MCF-7 cells (B), and
neutrophils (C) was tested over a range of ligand concentrations:
10 uM (black), 5uM (red), 2.5uM (green), 1.25M (blue), 625

nM (cyan), 312 nM (magenta), 156 nM (navy), 78 nM (purple),

39 nM (dark cyan), 20 nM (orange), 10 nM (violet), and 5 nM

0 200

(pink). For each panel, the SPR sensorgram is shown and the

Scatchard analysis of that binding is added in the inset to allow for
a qualitative (visual) interpretation of the daka, andBnax values

Fry et al.

N-Glycans were removed from protein in the gel bands by
overnight incubation with peptidd-glycosidase F (PNGase
F) at 37°C. N-Linked glycans were recovered from the gel
pieces with water and sonication before being dried and
labeled with 2-aminobenzamide (2-AB).

O-Glycan Releasélanual hydrazinolysis for the selective
release oDD-glycans was performed as previously described
(32). Briefly, gelatinase B samples were dialyzed against
0.1% trifluoroacetic acid for 24 h at 4C, lyophilized, and
then cryogenically dried. O-Linked glycans were released
by incubation with anhydrous hydrazinerfé h at 60°C.
O-Glycans were then rblacetylated and desalted, and
peptides were removed. Samples were then dried prior to
2-AB labeling.

2-Aminobenzamide Fluorescent Labeling of Released
GlycansDried glycans were fluorescently labeled with 2-AB
according to the method of Bigge et a40f using a Ludger
Tag 2-AB labeling kit (Ludger Limited, Oxford, U.K.).
Excess label was removed by ascending chromatography on
Whatmann 3MM chromatography paper in acetonitrile.
Glycans were washed from the paper with water.

Simultaneous Exoglycosidase Diges&ycan aliquots
(~20 pmol) were evaporated to dryness before the addition
of 10 uL of standardized exoglycosidase solutions and
incubation for 18 h at 37C in the manufacturer’s (Prozyme)
recommended buffers. Conditions for the individual exogly-
cosidases in the arrays were as follows:=21 units/mL
Arthrobacter ureafaciensialidase (ABS, EC 3.2.1.18), 3
milliunits/mL almond meab-fucosidase (AMF, EC 3.2.1.111),

1 unit/mL bovine kidneyo-fucosidase (BKF, EC 3.2.1.51),
and -2 units/mL bovine testeg-galactosidase (BTG, EC
3.2.1.23). After digestions, samples were passed through a
protein-binding filter (Micropure, EZ centrifugal filter de-
vices, Millipore Corp.) to remove exoglycosidases. Glycans
were eluted from filters with water.

HPLC Conditions.Normal phase separations were per-
formed on a 2690 Alliance separation module (Waters,
Milford, MA) equipped with a Waters 474 fluorescence
detector. Normal phase HPLC was performed using a 4.6
mm x 250 mm TSK Amide-80 column (Anachem, Luton,
Beds, U.K.) with the low-salt buffer system previously
described 2, 41).

Galectin-3-Gelatinase B Binding AssayVells of a 96-
well ELISA plate (NUNC) were coated with 2.5g of
recombinant human galectin-3 (R&D Systems, catalog no.
1154-GA/CF) in 10Q:L of assay buffer [L00 mM Tris-HCI
(pH 7.5), 100 mM NacCl, and 10 mM Cagland incubated
at 4°C overnight. Each well was then blocked with 200
of blocking solution (PBS, 0.05% Tween 20, and 1 g/L BSA)
and incubated fo2 h at 37°C with agitation; 100 ng of
gelatinase B in 10@&L of assay buffer, 0.001% Tween 20,
and 30 mM EDTA (to prevent catalytic activity of gelatinase

and the errors for those values were calculated from nonlinear curveB) was then added to each well and the mixture incubated

fits of the Langmuir isotherms. The interaction of galectin-3 with
THP-1- or MCF-7-derived gelatinase B shows homogeneous
binding character withq and Bmax values of 810+ 30 nM and
440+ 10 RU, and 920G+ 20 nM and 560t 12 RU, respectively.
The interaction with neutrophil-derived gelatinase B shows a

for 30 min at 37°C. Each well was then washed with>5
200uL of washing solution (blocking solution with 30 mM
EDTA). Finally, 30uL of zymography loading buffer [0.125
M Tris-HCI (pH 6.8), 4% SDS, 0.25 M sucrose, and 0.1%

marked biphasicity to the interaction (panel C, inset), best describedbromophen0| blue] was added to each well to elute bound

by two components withy and Byax values of 110+ 30 nM and
170+ 30 RU, and 3.3t 0.3uM and 2070+ 40 RU, respectively.

SDS-PAGE. Gel bands were cut out and washed alterna-
tively with 20 mM sodium bicarbonate and acetonitrile.

gelatinase B. As a positive control for binding, wells were

coated with 100 ng of gelatin in 1Q@L of assay buffer.
Collagenase Treatment of Galectin-3. C. histolyticum

collagenase type Il (Sigma, catalog no. C-6885) was
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incubated at a 3:1 (w/w) galectin-3:collagenase ratio in assayRE
buffer for 21 h at 37C. Galectin-3 cleavage was confirmed
by SDS-PAGE.

Gelatin Substrate Zymographihe zymograms that were
used were 7.5% acrylamide gels copolymerized with 0.1%
gelatin. After electrophoresis, zymograms were placed in
washing buffer [50 mM Tris-HCI (pH 7.5), 10 mM Cagl
0.02% NaN, and 2.5% Triton X-100] for 2x 20 min at
room temperature with gentle agitation, before being incu-
bated for 18 h at 37C in incubation buffer [50 mM Tris-
HCI (pH 7.5), 10 mM CaGl 0.02% NaN, and 1% Triton
X-100]. Zymograms were then stained with Coomassie blue
and destainedl(l).

Surface Plasmon Resonanédl.experiments were carried
out at 25°C on a Biacore 2000 instrument (BlAcore AB).
Three specific binding surfaces were prepared by coupling
gelatinase B purified from MCF-7 cells, THP-1 cells, and
neutrophils to a CM5 sensor chip through the standard amine
coupling procedure. For each sample, a coupling density of
ca. 5000 resonance units was used. A mock coupled surface
served as a negative control. Two-fold serial dilutions of
galectin-3 (R&D Systems) in 10 mM Hepes (pH 7.4), 150
mM NaCl, 5 mM CaCJ, and 0.005% (v/v) surfactant p20
were injected over the sensor chip at a flow rate ofu20
min with a 90 s association phase followed by a 20 min
dissociation phase. Double referencing data subtraction
methods 42) were used prior to analysis of rates and
equilibrium binding. A series of measurements were recorded
at different flow rates (from 10 to 10@L/min), and no
change in dissociation rates was observed, suggesting ligand
rebinding was not significant for these interactions.
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