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ABSTRACT
Galectins are small soluble lectins that bind a-galactosides via their carbohydrate

recognition domain (CRD). Their ability to dimerize is critical for the crosslinking

of glycoprotein receptors and subsequent cellular signaling. This is particularly

important in their immunomodulatory role via the induction of T-cell apoptosis.

Because galectins play a central role in many pathologies, including cancer, they

represent valuable therapeutic targets. At present, most inhibitors have been directed

WRZDUGV WKH &5' D FKDOOHQJLQJ WDVN LQ WHUPV RI VSHFL{FLW\ JLYHQ WKl
homology of the CRD among galectins. Such inhibitors are not effective at targeting

CRD-independent functions of galectins. Here, we report a new class of galectin

LQKLELWRUYV WKDW VSHFL,FDOO\ ELQGYVY KXPDQ JDOHFWLQ K*DO GLVUXS!
RI KRPRGLPHUV DQG LQKLELWV WKH SUR DSRSWRWLF DFWLYLW\ RI K*DO RQ
DGGLWLRQ WR UHSUHVHQWLQJ D QHZ PHDQV WR DFKLHYH VSHFL¢{FLW\ ZKHQ WD
such inhibitors provide a promising alternative to more conventional galectin

inhibitors that target the CRD with soluble glycans or other small molecular weight

allosteric inhibitors.

INTRODUCTION sequence homology among their carbohydrate-binding
domains (CRDs) [5]. Fifteen different members have

Cancer is a complex pathology manifested by EHHQ LGHQWL¢{¢HG DQG GLYLGHG LQ WK
uncontrolled growth of cells that have undergone various ~ tO their structure: prototype galectins containing one CRD
transformations from physiologically normal cells. Several ~ (Gal-1, -2, -5, -7, -10, -13, -14 and -15), tandem-repeat
hallmarks provide a methodical and rational approach in ~ galectins containing two-CRDs covalently linked (Gal-4,
studying this disease, namely the sustaining of proliferative ~ -6, -8, -9 and -12) and a chimera-type galectin containing
signaling, evasion of growth suppressors, resistance to cell Multiple CRDs linked by their amino-terminal domain
death, replicative immortality, angiogenesis, activation of ~ (Gal-3) [6]. While these proteins perform homeostatic
invasion, and metastasis [1]. In recent years, however, functions inside normal cells, under pathological or stress
strong evidence has highlighted the critical roles of conditions, cytosolic galectins are released either passively
immune cells present in the tumor micro-environment from dead cells or activelyia non-classical secretion
[2, 3]. For instance, one way that tumor cells can modulate ~ Pathways [7]. Once in the extracellular milieu, they bind
and escape immune destruction is by secretion of various all glycosylated growth receptors on the surface of normal
IDFWRUV VXFK DV SUR LQADPPDW R LANG£anees cefisdoret thejr signalipgrtirestyolgs, 9]. Such
chemokines and other soluble signaling molecules leading SURSHUWLHV HQDEOH JDOHFWLQV WR N
to the formation of an immunosuppressive tumor micro- ~ While promoting growth of tumour cells [9]. Galectins
environment [4]. are thus ideal targets for effective therapeutics, and new

Galectins are multifunctional proteins belonging to ~ approaches are therefore being developed to modulate
the animal lectin family. All galectins share similar binding ~ their activities [10]. These avenues have focused mainly
DI¢QLWLHYVY WR JDODFWRVLGHYV D Q@& casholydrasehased inpibitons digyyptimy extgceellular
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galectins, which form multivalent complexes with cell
surface glycoconjugates to deliver CRD-dependent
intracellular signals that modulate cell activation and
survival/apoptosis. Despite decades of research, however,

their analysis revealed that certain residues were likely to
be involved in the dimerization of hGal-7, most notably
residues R14, R20, R22, E87, L89, D94, D95, D103,
A104, Q105, D130 and F135. These residues appear to

WKH SURJUHVVLRQ LQ WKLV ¢HOG KhhndriddlyQassadiateé WitiOtRerr resQedive Yaliner on

cases, these inhibitors are high molecular weight, naturally

the second monomer through H-bonding, electrostatic

RFFXUULQJ SRO\WDFFKDULGHY W K DAV hyaitdphoc/ iHt&adlibRs, \0faHtRd. ot bf

block the binding of extracellular galectins to carbohydrate
structures [11-14]. Unfortunately, such inhibitors often

GLVXO¢,¢GH EULGJHV $V VXFK WKH SF
as to rationally mimic and disrupt the hGal-7 segment

GLVSOD\ ORZ DI¢QLWY ODFEN RI VHO HEtWeerYresMdiies R3320 add 2 $H-085] SinoeHifoge IreQidues

due to highly conserved homology among galectin CRDs,
and are not effective at targeting CRD-independent
functions of galectins. Indeed, several studies have shown
that several critical biological processes of galectins are
mediatedvia CRD-independent interactions [15-18].
Sequencing of galectins isolated from amphibians,

appear to be directly involved in the stabilization of the
dimeric structure (Fig. 1C) and consequently hindering
the interaction of R14, R20, R22, D130 and F135 with
their mirror partners. Accordingly, peptides corresponding
to these regions were synthesizeel, hGal-7 , . (H-lle-
Arg-Pro-Gly-Thr-Val-Leu-Arg-lle-Arg-Gly-Leu-Val-NH)

ELUGV ¢(¢VK DQG PDPPDOV KDV UHY Hbdh&ab /i [ W(HH@Y-AsptSe VTA(G-IQ-Prid-NL).

similarity [19, 20]. In addition to the presence of a CRD,
all galectins harbor a highly conserved three-dimensional
structure characterized by a jelly-roll topology composed

To determine whether these peptides could inhibit the
IRUPDWLRQ RI WKH K*DO KRPRGLPHU
of recombinant hGal-7 with increasing concentrations of

RlI DQ RU VWUDQG DQWL SD WA H Or hGakD,Q Gaht MEasirdd the formation

approximately 135-140 amino acid residues [21]. One
of the most common and important structural features
associated with galectin function is their ability to form
homodimers (Fig. 1B). This is particularly true for the
prototype galectins, which consist of two ~14-15 kDa
subunits that are non-covalently associated in a monomer-
dimer equilibrium [22]. Studies of ancestral structures

of homodimers.

To measure the ability of the peptides to disrupt
the formation of hGal-7 dimers, we used mild denaturing
native gel electrophoresis, a commonly used approach
to visualize monomer-dimer equilibrium (Fig. 1A and
Supplementary Fig. S1) [31-35]. Our results showed a
consistent decrease of hGal-7 homodimers starting at a

Rl ¢VK JDOHFWLQV KDYH LQGHHG VKRZG RKCHQ WD O WA DQR4A KN

gone through selective pressure for stabilizing this

GRVH RI 0 )L $ 6LPLODU UHVXC

KRPRGLPHU VWUXFWXUH WR LQFUHBIVHGaWK H hutthis teniphunth apiiearedVidss-potent

ligand(s) [23]. Such multivalency is critical for galectins
to trigger intracellular signaling following their binding
to cell surface receptors [24-26]. In the present work,
we report a novel peptide-based galectin inhibitor that

than hGaI-]lzg_m) to disrupt hGal-7 homodimers and
was consequently not used in subsequent experiments
(data not shown). No such effect was observed using the
control pituitary adenylate cyclase-activating polypeptide

ZDV VSHFL¢FDOO\ GHVLJQHG WR GPACAR Baptidsywhith WadsPleatlbRsed dr kimilarity

galectin-7 dimers and its pro-apoptotic function.
RESULTS

As depicted with G protein-coupled receptors,
peptides derived from the dimeric interface were shown
to disrupt GPCR dimers by interfering with critical
interactions between amino acids located at the dimer
interface [27, 28]. We hypothesized that the ability of
hGal-7 to form homodimers is mediated by critical
residues located at the homodimer interface located in a
distant region of the CRD. Using a previously described
dimeric crystal structure of hGal-7 [29], critical residues
possibly involved in the formation of the dimer interface

in amino acid length and minimal toxicity on the cell line,
PACAP(28-38) (Fig. 2A), or on a recombinant human

gal-1 (hGal-1) or gal-2 (hGal-2) (Fig. 2B, 2C). hGal-1 and

gal-2 were chosen as galectin selectivity controls since

they are protype galectin that share the greatest sequence
VLPLODULW\ WR JDOHFWLQ > @
of the hGal-7,, . peptide to disrupt the formation of

hGal-7 homodimers was not inhibited by the presence of
lactose or LacNac (Fig. 2D, 2E). Further, the ability of
hGal-7,,, . t0 bind hGal-7 in a concentration-dependent

DQG VSHFL¢{F PDQQHU ZDV IXUWKHU F|
phase binding assay. In this assay, a biotinylated version

of hGal-7,,,.,, VWLOO FDSDEOH RI VSHFL¢]
the formation of hGal-7 homodimers (Supplementary

ZHUH LGHQWL{HG EDVHG RQ WKHLU FIlgRERHWAY Lskd toViReadsute irkding OmR idnhQbilized

bonding, hydrophobic, or van der Waals interactions
between both protomers of the complex (Fig. 1B). In

recombinant hGal-7 (Fig. 3). Again, binding was shown
WR EH VSHFL¢F VLQFH, ElcBMIb@AODWHG

addition, the design of our peptides was also based on the hGal-7 and not hGal-1 or hGal-2 (Supplementary E8).

structural analysis of the hGal-7 dimeric interface, recently

7KLV VSHFL¢{FLWN DW GLVUXSWLQJ K*L

UHSRUWHG E\ (UPDNRYD DQG FROO Hrbvided by >distigct th@etdirbgnsian@ Gakrangements
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Figure 1: The dimeric structure of hGal-7. A. Dimer formation of recombinant hGal-7 and hGal-1 at increasing concentrations

were compared by polyacrylamide gel electrophoresis in native conditinStructural representation of the hGal-7 (PDB 1BKZ)

andhGal-1 (PDB 3W58) dimers with residues 129-135 colored in green and magenta on the hGal-7 dimer interface. Dimer formation

in hGal-7 proceeds through a “back-to-back” topology of the monomers while hGal-1 adopts a “side-by-side” structural arrangement,
DIIRUGLQJ DGGLWLRQDO VSHEL §RIOM\F MOD UDIOHF WU R FMVDIKR GV WPBQLFDWHG LQ WKH ZL
UHVLGXHYV + RI WKH ¢UVW K*DO PRQRPHU LQ YDULRXV FRORUV DQG IDFLQJ |
% .= +\GURJHQ ERQGLQJ DQG HOHFWURVWDWLF LQWHUDFWLRQVY DUH LGHQWL{HG
QXPEHU RI YDQ GHU :DDOV LOQWHUDFWLRQV > @ 7KH VWUXFWXUHV ZHUH SUHSDUHC
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Figure 2: Disruption of the hGal-7 dimer due to increasing concentrations of hGal-7(129—-135). The recombinant

K*DO 0O ZDV LQFXEDWHG ZLWK LQIZ(IQ_IIASPNQQJ FRQRWOWVDX\PLRRR VEIKOAMDIKD EXIIHU
of therecombinant. hGal-1 andC. hGal-2 with hGal-{,, ., was performed in the same potassium phosphate buffer. The effect of
hGaI-?uzg_135 on the monomeric and dimeric forms of hGal-7/hGal-1/hGal-2 was assessed by Western blotting in native conditions with
UHVSHFWLYH DQWLERGLHY 7KH K*DO KiDR @D\, WKWH FRIOHWR RIOUSH S RALIEGT B8 &ES3LQ RU
ofhGal-7,,, .., SHFRPELQDQW K*DO 0 ZDV DOVR LQFXEDWHG ZUWQK L (PRdtbsB dLQJ FRQ

E. LacNac solutions. Results are representative of three independent experiments.

between otherwise very similar galectin homologues.  JurkatT cells, on which galectin binding inducgsoptosis
Indeed, while all monomeric galectins reveal identical ~ [36-42]. We thus tested whether hGgl;7 ., could
topologies, dimer formation in hGal-7 proceeds through  modulate the binding of hGal-7 on Jurkat T cells, a cell
a “back-to-back” topology of the monomers while other ~ model that is routinely used to test the pro-apoptotic activity
galectins, including hGal-1 and hGal-2, adopt a “side-by-  of galectins [43—45]. For this purpose, recombinant hGal-

side” structural arrangement (Fig. 1B) [29]. This structural ZDV ODEHOHG ZLWK AXRUHVFHLQ LVR

RUJDQLIDWLRQ SURYLGHV DGGLW L Rhhdng PiHtDeQGWfade Bf JursaHTdellsrasOn@asured

target and disrupt galectin function. E\ ARZ F\WRPHWUR S QHVEQWEAFRI LQFUH
Galectins are well known for their ability to concentrations of hGal;Z, .., Our results showed that

bind glycosylated cell surface receptors, most notably on  hGal-7 LQFUMDAKHREUHNGWRIWYV LW\ RI -XI

(129-135)
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Figure 3: Biotin-labeled hGal-7(129-135) is capable of binding to recombinant hGal-Rinding curve showing a
dose-dependent interaction between biotin-labeled h@g\_ll-;) DQG K*DO RU K*DO S5HFRPELQDQW K*DO RU
coated on 96-well plates overnight and then incubated 60 min with unlabeled(gggw PO WR HOLPLQDWH QRQ VSHEF
Incubation with increasing concentrations of biotin-labeled h(&gl_—lzawas performed for 120 min. Results are representative of three
independent experiments. Error bars represent standard deviation.

T cells in a concentration-dependent manner following  activity and represent attractive agents against the prototype
LOQFXEDWLRQ ZLWK HO X O ,D & RXOIBMDgdlEctins because they target a second distant site from the
K*DO DV FRPSDUHG WR AXRUHYV F H Qélite GRDD Tt Glst Qcdnplsrre@EHalternative to

of peptide (Fig. 4A). No such effect was observed in  soluble glycans or other small molecular weight allosteric
presence of a high concentration of ttentrol peptide inhibitors that are currently being developed for the
(PACAP(ZB_%). The effect of hGal'(Zstss) ZDV V SHFL itargeting of prototype galectins. This peptidic inhibitor
VWDWLVWLFDOO\ VLIQL,FDQW )LJ DBOVRQEAFBRAVHQWNOIMNQ AGKLWKRIQDO P
increased number of monomers, which bind to surface when targeting galectins. Although soluble glycans have
glycosylated receptors through their CRDs [38]. The  shown physiological responses in in vivo assays for various
hGaI-7(129_135) peptide also inhibited the ability of hGal- pathologies where galectins are involved, there is yet little

7 to induce apoptosis in Jurkat T cells, as measured by HYLGHQFH RI WKHLU VSHFL¢{FLW\ 7KLV
poly [ADP-ribose] polymerase 1 (PARP-1) cleavage  since galectins display high homology among their CRDs

(Fig. 5A). This inhibitory effect was dose-dependent and  and often show redundancy when binding to glycosylated

also observed using human peripheral blood monocytes PRLHWLHV > @ +HQFH WKHLU VSHEF
(Supplementary Fig. S3). No such effect was observed with  ambiguous and challenging, and the use of peptides could

WKH FRQWURO SHSWLGH 7KLV HIIHFVWnRWe M& RiBam Rovan\of 2&ectie R@egtis Mhilgtors.

E\ ARZ F\WRPWHU\ XVLQJ $QQH[LQ 9 SWR&tkiGHtiedro symh@diz bther peptides covering

(PI) staining (Fig. 5Band5C). Incubation of hGth?Zg_lss) other potential sites at the dimeric interface of hGal-7. This

(or PACAR,, ) alone did not induce apoptosis in Jurkat  strategy was unsuccessful since these peptides were either

T cells (Supplementary Fig. S4). toxic to Jurkat T cells, showed poor solubility, or were not as
effective at disrupting the dimeric interface as hqf';!,-j%)

DISCUSSION (data notshown $OWKRXJK ZH GLG ¢QG D GLU

between hGal-7,, ., and hGal-7 through a classical solid-

In the present work, we report a new peptidic inhibitor ~ phase binding assay, further tests are required to determine
WKDW VSHFL¢{FDOO\ ELQGV K*DO GAWNGX-Z W,y bk 1o th&Rduitical WdidRe3 IR ated at
homodimers, and inhibits the pro-apoptotic activity of  the interface. Interestingly, our preliminary data using an
hGal-7 on Jurkat T cells. These results show that the dimer alanine scan strategy has already shown that the substitution
interface of the prototype galectins is a viable option for  of the Asp* residue by an Ala moiety completely abrogates
the inhibition of galectins and a potential therapeutic target  the ability of the peptideo disrupt hGal-7 homodimers
for the treatment of many diseases in which galectins are (Supplementary Table 1 and Supplementary Fig. S5).
involved. To our knowledgeherehave been no published It is clear,however, that hGaIE:L o135 WaS effective at
reports of dimerization-disrupting inhibitors of galectins. UHODWLYHO\ KLJK FRQFHQWUDWLRQV
Such inhibitors provide a new avenue for blocking hGal-7 ZLOO EH QHHGHG WR LPSURYH LWV ELQG
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Figure 4: Increased binding of hGal-7 on Jurkat T cells due to increasing concentrations of hGal-7(129-13% Histogram
VKRZLQJ WKH PHDQ AXRUHVFHQFH LQWHQVLWLHVY 0), RI FHOOV IROORZLQJ ELQG
the surface of Jurkat T cells. B. %LQGLQJ Rl ),7& ODEHOHG K*DO 0 RQ -XUNDW 7 FHOOV |
concentrations of hGal;7, .., The PACAR,, ., peptide was used as a control. Results are representative of three independent experiments.

**p 7 (UURU EDUV UHSUHVHQW VWDQGDUG GHYLDWLRQV

scans nevertheless suggest that binding of hg;g_ll—;s) 7(129_135)and monomeric hGal-7, requiring further structural

to monomeric hGal-7 proceeds in a non-native fashion analyses.

relative to wild-type hGal-7 dimer formation. Indeed, it is ORUHRYHU WKH PRGXODWLRQ RI K*
currently impossible to structurally rationalize some of the  surface of Jurkat T cells and an apoptotic response were
molecular effects of the alanine scan results in the context observed in the presence of the hG(glg-_Zss) peptide.

of wild-type hGal-7 dimer formation. For instance, while 7KH LQFUHDVH LQ AXRUHVFHQFH ZDV W
Aspt® does not participate in the formation or stabilization  increased hGal-7 binding on cell surface rather than its

of the wild-type hGal-7 dimer interface (Fig. 1C), its accumulation inside the cell, since the binding assays were
UHSODFHPHQW WR DODQLQH FOHDU QerfdiiRZ at OVC ailirg, th® aserie®©dldodibivatideQ

of the hGaI—?lzg_m)potency Supplementary Fi§5. These which would Iimig protein internalization [47, 48]. Whether

results suggest a distinbinding mode between hGal- WKLV UHAHFWYV LQFUHDVHG ELQGLQJ
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Figure 5: Apoptotic levels of Jurkat T cells induced by hGal-7 were decreased due to the presence of hGal-7
(129-135) A. Recombinant hGal-7 was pre-incubated with the respective peptide concentrations prior to its addition to Jurkat T cells
IRUKD f& Q VHUXP IUHH 530, $SRSWRVLV ZDV PHDVXUHG E\ :HVWH} ovdsQRIMas@ QD O\VL
FRQWURO DFWLQ ZDV XB.IFIGw bytoniztrio Ri2IEis Qf JukRt @ Bélls Rith stained Annexin V (FL1) and propidium
iodide-PI (FL3) following binding of recombinant hGal-7 with or without h(B(?ZIg_ZaS) Cells in the lower right quadrant are representative

of annexin V-positive/Pl-negative, or early apoptotic cells. Cells in the upper right quadrant indicate annexin V-positive/Pl-positive, or late
apoptotic cells. C. Histogram showing the percentages of annexin V-positive Jurkat T cells obtained by adding the percentages of cells
found in the lower and upper right quadrants. Results are representative of three independent experiments. Error bars represent standard

deviation.
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Gal-7, however, is currently unclear and will require more  mediated by (Benzotriazol-1-yloxy)tris(dimethylamino)
experiments. Nevertheless, the increase of hGal-7 cell SKRVSKRQLXP KH[DAXRURSKRVSKDWH
surface binding, seen in the presence of h%é!;':ls; is 1 'LLVRSURS\OHWK\OBPL@HO)' IR K
VSHFL¢(F VLQFH WKH FRQWAIR0Ot SHSWRXSHO LIPLKFBI ¢ FLHQF\ ZDV PRQLWRUHG
display such effects. Interestingly, even though an increase ninhydrin test. Fmoc removal was achieved with 20%

of cell surface hGal-7 binding was observed, a reductonin  SLSHULGLQH LQ '0) IRU PLQ ,Q RUGHI
the ability of the protein to induce apoptosis of T cells was FRQMXJDWHG SHSWLGH DQ 0 DPLQR I
observed. This supports the idea that the increase inhGal- OLQNHU ZDV ¢UVW FRXSOHG DV GHVFL
7 binding on cell surface is due to the increased access resins and then, following the removal of the Fmoc

of the monomer's CRDs binding glycosylated residues on  protecting group, a Biotin-NHS derivative (6 eq, Aapptec)

cell surface receptors while lacking intracellular signaling, = was attached to the peptidyl resins with triethylamine
highlighting that effective crosslinking of cell surface (TEA, 6 eq) in dimethylformamide. Peptides were then
receptors is critical for inducing apoptosis [25, 49]. Such  deprotected and removed from the regaan acidolytic

peptide may thus be a valable tool to study the abilty of WUHDWPHQW ZLWK WULAXRURDFHWLF
Gal-7 to modulate T cells functions in vitro or in vivo. 1,2-ethanedithiol (2.5%), phenol (3%) and water (2.5%)

We and others have indeed shown that Gal-7 has a strong for 2 h at room temperature. The diethyl ether-precipitated
cytotoxic and inhibitory effects on T cell functions and FUXGH SHSWLGHV ZHUH SXUL¢{¢HG E\ S
survival [38,50], consistent with the ability of galectins performed on a Waters PrepLC 4000 System with a Waters

to induce to a local (and systemic ?) immunosuppression GHWHFWRU VHW DW QP DQG DQ ;
when produced by cancer cells. Intriguingly, a slight  column. Alinear gradient from eluent A to B with 1%d&r

increase in apoptosis is observed with the control peptide, 2-min increments (Eluerd = HO, 0.1% TFA, Eluent

even though the PACAR . peptide did not display any B = 60% CHCN/40% HO, 0.1% TFA) was used for

toxicity on Jurkat T cells alone. PACégj%)is a positively HDFK SXUL{FDWLRQ &ROOHFWHG IUDF\
charged peptide that binds cell surface phospholipids but by matrix-assisted laser desorption/ionization — time-

does not translocate within the cytoplasm [51]. Evenifthe RI ALJKW 0$/', 72) PDVV VSHFWURPHW!
peptide alone does not induce apoptosis, the perturbation System from Applied Biosystems) in linear mode using

exerted by PACAR, .5 at the cell surface might slightly WKH . F\DQR K\GUR[\FLQQDPLF DFLG |

increase hGal-7-induced necrosis. CA, USA) and analytical RP-HPLC with a Phenomenex
Jupiter G, column to ensure their homogeneity. Fractions
MATERIALS AND METHODS corresponding to the desired product with purity greater than

98% were pooled and lyophilized.

Cell lines and reagents _ _
Production of recombinant hGal-7 and hGal-1
7KH -XUNDW FHOO OLQH ZDV PDLQWDLQHG LQ 530,

1640 medium. The culture medium was supplemented Human Gal-7 cDNA was cloned into pET-22b(+)
with 10% [v/v] fetal bovine serum, 2 mmol/L L-glutamine, using Ndel and Hindlll restriction enzymes. Human
PO +(3(6 EXIIHU DQG PO VRGLXET-Sablyectomwgs generously donated by Dr. S. Sato
All cell culture products were purchased from Life OF*LOO 8QLYHUVLW\ 4& &DQDGD 7K

Technologies (Burlington, ON, Canada). Isolation of  produced irE. coli BL21 (DE3) cells at 37°C. Isopropyl
SHULSKHUDO PRQRQXFOHDU FHOO 3%0MMKLRIDOIHWREMWHPRBYLGH ,37* F

previously described [17]. the bacterial culture at Q3. = 0.6-0.7 and then incubated
for 4 h at 37°C to allow protein production. Bacterial pellets
Peptide synthesis were resuspended in lysis buffer (0.7 mg/mL lysozyme,
PO 7ULV S+ PORAD&DS PO

The hGaI-]lzg_m) peptide and its Ala-substituted DTT and a protease inhibitor cocktail) and then incubated
derivatives ([Al&*IhGal-7 ,, ., [Ala**]hGal-7,,, ., for 1 h at 37°C prior to centrifugation for 30 min at
[Ala*dhGal-7 ,, .5 and [Ala*IhGal-7,,, ,.), aswell as 15000xg f& 7KH VXSHUQDWDQW ZDV W
the control peptide PACAP28-38 (an inactive fragment P/ ERWWOH WRS ¢(OWHU P &R U
of the human Pituitary Adenylate Cyclase-Activating 1< 86% DQG WKHQ UDQ WKURXJK D ODF
Polypeptide (PACAP)), were synthesized using standard 6LIJPD 6W J/RXLV 02 86% 7KH SURWH
YPRF FKHPLVWU\ DV SUHYLRXVO\ GHVFULIEHGEWLRQ\BDOWEW RV VROXWLRQ
peptides were assembled using a semi-automatic multi- fractions were analyzed by SDS-PAGE. The hGal-7 was
reactor system. The Rink-amide resin was used as the solid WKHQ FRQFHQWUDWHG DQG SXUL{HG XV
support, and the amino acids of the peptide sequences $PLFRQ 8O0OWUD . (0" OLOOLSRUH (
were introduced under their Fmoc-N-protected form, LQ PO SRWDVVLXP SKRVSKDWH DW S+
i.e. 3 eq based on the original substitution of the resin  experiments with the recombinant proteins were performed
(0.7 mmol.g). Couplings of the protected amino acids were  in the same buffer solution unless mentioned otherwise.
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Brilliant Coomassie blue was purchased from BioRad S+ 7KH SODWH zZzDV UHDG E\ D 7THFDQ ,C
%LR 5DG /DERUDWRULHYV OLVVLVVmixddhate r@atler akexcRddiah[@and emission wavelengths
The recombinant protein hGal-2 was purchased from of 488 nm and 670 nm, respectively.
O\ %LRVRXUFH 6DQ6HEHIR &$
FITC conjugation and hGal-7 binding assay

Western blottin
g 7R DVVHVV K*DO ELQGLQJ RQWR -XI

For the apoptosis tests, whole-cell extracts were D PJ P/ A XRUHVFHLQ LVRWKLRF\DQ
homogenized and resuspended in RIPA buffer (Thermo VROXWLRQ ZDV DGGHG WR / RI
JLVKHU 6FLHQWL¢F 5RFENIRUG ,/ 86%K*PRQWIYL QL Q JPSI9RsEIRIDVard incubated
inhibitors (Roche, Laval, QC, Canada). Equal amounts of for 1 h at room temperature on a roller. FITC-labeled
ZKROH FHOO H[WUDFWYV J ZHUH VK*D0U D WH\G VRIOHE®' 65 3$F1(¢ HG XVLQJ D 3'
and transferred onto nitrocellulose membranes (Bio-Rad (GE healthcare) and eluted with PBS containing 0.01%
/IDERUDWRULHYV 7KH PHPEUDQHV ZHWYHY QUVWGEGRFDHGHLWK& ODEHOHG K
5% milk [w/v] in TBS/0.5% Tween 20 [v/v] for 1 h at then pre-incubated with hGa!l—]HBs)(or related peptides)
room temperature and subsequently blotted overnightina L Q PO SRWDVVLXP SKRVSKDWH EXIIF
solution of TBS containing 3% BSA [w/v] and 0.5% Tween 4°C. Jurkat cells (5 x 2@ells per sample) were harvested
20 [v/v]. The following antibodies were used: a rabbit anti-  in PBS-0.01% [v/v] sodium azide and incubated for
poly-(ADP-ribose) polymerase (PARP)-1 (p25) polyclonal 30 min on ice with the FITC-labeled hGal-7 with and
antibody (1:5000; Epitomics, Burlingame, CA, USA) and without peptides. Cells were then washed with PBS-0.01%

D PRXVH DQWL DFWLQ 6LIPD3OB%O@L¥RGBWP IRXKGW DQG UHVXVSHQGH
02 86% 6HFRQGDU\ DQWLERGLHV F Riqfier shaha@yARd dh R BACBChIbGr(BIKBiosciences).
peroxidase-conjugated donkey anti-rabbit (GE Healthcare,

Buckinghamshire, England) and sheep anti-mouse (GE Apoptosis assays with Annexin V/PI staining

Healthcare) IgG. Detection was performed using the R
enhanced chemiluminescence method (GE Healthcare). For $SRSWRVLV zZDV PHDVXUHG E\ Al
the recombinant protein tests, each peptide was dissolved Using FITC-labeled Annexin V (Biolegend, San Diego,

DQG PDLQWDLQHG LQ PO SRWDVVLXH SIKBBBSKDAGH SWRSLGLXP LRGLGH 3
7KH ODFWRVH DQG 1 $FHW\O ' OD Feuespangng@ilytionspireepmbinant hGal-7 and hGal-
powders were purchased from Sigma-Aldrich (St. Louis, 7 ;,0_155 PEPtides were pre-incubated for 1 h at 4°C in

02 86% 7KH UHFRPELQDQW SURWHLQVHW® sIWSMILEBOG L O X W HisgrkaPcells 1

were pre-incubated for 1 h at 4°C prior to gel migration. The ~ were then harvested in the same medium and incubated
native polyacrylamide gel was made without SDS to allow with their corresponding dilutions at 37°C for 4 h. Cells
molecular weight differentiation between the dimer and  were washed once in PBS and once in binding buffer

monomer. The following antibodies were used: a goat anti- 0 +(3(6 0 1b&OC  ,pRG.4D&O
*DO DQWLERG\ 5' 6\WWHPV 0LGsMwers Reniingubgted for 15 min with Annexin V in

USA), a mouse anti-Gal-1 antibody (1:1000; Proteintech, WKH GDUN DW URRP WHPSHUDWXUH $ V
Chicago, IL, USA) and a rabbit anti-Gal-2 antibody (1:1000; EXIITHU FRQWDLQLQJ J P/ SURSLGLXI

Proteintech, Chicago, IL, USA). Secondary antibodies WR WKH FHOOV EHIRUH DQDO\VLV E\ AF
consisted of donkey anti-goat (R&D Systems) or sheep anti-
mouse (GE Healthcare) 1gG. Detection was performed as  Statistical analysis

mentioned above.
6WDWLVWLFDO VLJQL{FDQFH RI W

evaluated using the unpaired Studertt®st or the
Fisher’'s exact test. Results were considered statistically
5HFRPELQDQW K*DO RU K*DOVLIJQL:BDQW DW
ZDVWFRDWMNBUQLJKW DW f& RQ EODFN ADW ERWWRP
ZHOO SRO\WW\UHQH PLFURSODWKHONGEOMOEEQW ORQWUHDO
QC, Canada). Thereafter, the plate was blocked with

Fluorescent binding assay

Reagent diluent (PBS-BSA 1%) for 1 h, then incubated ‘H KDYH LGHQWL¢{HG D QHZ FODVV R
with unlabeled hGal7,, ,,, FROG IRU PLQ DQWBKOQAD YSGHFL,FDOO\ WDUJHW WKH GL
incubated with biotin-labeled [A}hGal-7 for 2h. Such inhibitor provides an interesting alternative to more

129-135)

Lastly, Streptavidin R-phycoerythrin (1/500, Jackson  conventional galectin inhibitors that target the CRD
Immunoresearch, West Grove, PA, USA) was applied to  with soluble glycans. Given the critical role of hGal-7 in
samples for 30 min. All incubations were performed at  cancer, studies are underway to determine whether both
room temperature and the washes between incubations types of inhibitors could be used in combination as anti-
ZHUH GRQH ZLWK PO SRWDVVLXPan&EKRNSEKDWH EXIIHU
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