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Abstract : Galectin-3 plays an important role in cell development, differentiation and cancer
metastasis, including cell-cell/extracellular matrix (ECM) interactions and is supposed to have an
effect of apoptosis on T-cells in thymic clonal selection. In this study, to know the effect of
galectin-3 on thymocyte development, we used recombinant human galectin-3 (rHgal-3) from
Escherichia coli, JM105, which was inserted with human gal-3 gene-transformed plasmid vector
(prGal-3) to express human galectin-3. Expressed rHgal-3 was confirmed by western blot using
the culture supernant of hybridoma (M3/38) producing monoclonal antibody to human galectin-3.
Sepharose gel affinity chromatography was used to purify the expressed rHgal-3. Thymocytes
and hepatocytes from 6-week-old male BALB/c mice were incubated with rHgal-3 and showed
marked increase of apoptotic population on analysis using flow cytometry with 7-AAD in a dose-
dependent manner. However, rHgal-3 failed to induce apoptosis on hepatocytes. Interestingly,
this apoptotic effect was not inhibited by lactose, a specific lectin domain inhibitor. From these
results, we concluded that extrinsic galectin-3 induces apoptosis on mouse thymocytes, and galectin-3
may have an apoptotic effect on T-cells in thymic clonal selection.
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Galectin® familyg ©] 231 )% S-type f-galactosyl bind-
ing lectin® 24 AEAQY, §3 2 ojFe A
(Barondes ef al, 1994). Galectin®] 7|21 2= S HA
MEH Algg X3S EF7 o277 g v
+ & 450 9lrh. Galectin family Fo4 gal-3% car-
bohydrate binding protein 35(CBP-35), a low affinity IgE
binding protein 2] 2 Mac2 522 ¥4 .01 thioglycol-
lateZ § X% macrophage(Ho and Springer, 1982)0] A 3
& BgEglon A2 A a2a AXe AL 7
Aze] 4538, T3 ¢ Aololl T2 &L I
o prion mRNAY| A3t @ddo] By
t}. %3 signal sequence$lo] M, MEF, M EJRAA
B BxEEA EA 2, mouse, hamster 18 1
Abgzho)) 80% ©]Ake] homology7} QAtH(Mehul e al, 1994).
Gal-3& F 719 & domain® 2 u}¥ =9 C-terminal half
£ galectin familye] F53¢] F-E 02 galactose 7]
A3l EA(carbohydrate binding domain, CBD)o| ¢l
N-terminal half= proline, glycineo] %2 FZZ nuclear
ribonucleoprotein(hnRNP) complex 9} %7} ] s=3}o}.

Gal-3-& macrophages, dendritic cells, alveolar cells, Kuff-
er cells(Liu et al, 1993; Flotte et al, 1983; Haines et al,
1983; Nabarra and Papiemik, 1988) Z-& B4/ A X § %, Al
A, W 3 F449 94 BEAHOda et af, 1993; Bras-
sart et al, 1992; Lotz et al, 1993; Lindstedt et al, 1993;
Huflejt et al, 1997).

¥ galectin family 5ol A galectin-1& ¥4 38 T-A
E9 FHAHE apoptosis§ FEate AR gA
T (Perillo et al, 1995, 1997), galectin9%. FA ¥ 2] apop-
tosis2 FEdte Ao urE A i (Wada ef al, 1997). O
Hu o] 53 FAG F2E AU gal3¢ oe| ¢ @4
do7|A] Rata 23]2 apoptosisE A St o] 3
£ Aoz AZH goy FuFAT o3 E d7
NE in vitro oA S F A FF galectin-13} 97}
T-A X9 apoptosis& 3T A e}7]o] galectin®] pare-
crine0. 2K 248 FAF HolRU L, anti-apoptosisS]
N5 g B gal3E AX WA FEENA 328 2
Folg7ldl ojedd AAE gal-38] FHAE HAA
intracrine == autocrine®} WA 0.2 AL dE AR B

ot} o] 2§ FA-S bel-2¢] BHI domaind] & NWGR
motif9} gal-3¢] C-terminus2}2] homology2A &= A5
o sttt ole] £ HE& AF7A 9 galectin-13} 9] 3
49} vpA7}A & recombinant gal-3% in vitro Aol A F
A ¥ B oz N gal-37} paracrine 0. 24 FAA
o MR e JFE dolRuz FYPHAT. £ 4g
Ao AFA BAE 943t flow cytometryE o] &3t
FAME S apoptosis 4]0 A}-E-F = T-amino actinomycin
D(7-AAD)Z &8 3} th(Donner et al, 1999 ; Schmid et al,
1994).

Mz 3 4y

rHgal-32) &# % M : Gal-39] mRNAZ HH W&
o cDNAE FFA|7|8 A EcoRIF} Hindlll A5 &
ZHA 8l F Al AR AE thg prokaryotic expression
vector®l pTre99Ao) A& ¥ Ausubel er al (1995)0) &
3] heat shocko] % ©. 2 template E coli IM1059] trans-
formation A] Z tHprGal-3).

prGal-3& 100pg/mie] ampicillino] ¥ LB agar plate
(2% agar7} A7} LB brothyo] A ovemnight/37TC wi g ¥
5mle] LB brotho] Al F2JA7] 3 st o 2 o3& 500
mle] brothe] A wj<%dle] 600nmol Aol &F%7} 0.59)
o]& W7}2) © uj%¥3l1 isopropyl-1-thio-f-D-galactopyroside
(IPTG, BIO-RAD)E 1mM $ X2 A7} 447 ©f wj o
S5tk MFde QA% F pelletg 400 PBSZ 33
washing 3} 3L 30ml9] lysis buffer(Ochieng et al, 1993; 150
mM NaCl, 1% NP-40, 0.5% SDS, 50mM Tris, pH 8.0, 0.241
unit/ml aprotinin, 1pg/mi leupeptin, 1pg/ml pepstatin, 0.2
mM PMSF, 2mM DTT)E H7HE @52 E94S
probe-type ultrasonicator(Vibra-cell, Sonics and Materials)E
ol &dte] & 383 A& Jle AR EHE A7l o8
20,000g30min0. 2 YA Ee 3t FF A& AU
%4 ¢ affinity columng 0] &3 gal-37+& FEdhe
¢ column asialofetuing- cyanogen bromide-activated Se-
pharose 4B(Sigma)ol Z A7 A& A3t Column
o] binding3}t gal-3-2 104} volume$] phosphate bufferZ 214
washing ¥ 0.4M lactose$} 2mM DTT7} 3 71¢ PBSE elu-
tion 8} 3L protein assay kit(BIO-RAD)E o] &3} proteing]
X5 E &A%ty £ SDS-PAGES} western blotting &

o] g3t Z43tgh o sampleg 10° volumed] FH4
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283 10 volumed] RPMI-16402.8 4T A T4 3 q
Aol A&

¥ negative controlZ 4] 9] vehiclee Ao AL &3
gal-3 A|Ro) 4 immunoaffinity chromatography® ©}-83}
o] EojHo g g3 AAY smpked AHE3IUT. Immuno-
affinity chromatographyE ¢ 3toJ A & protein A/G affinity
column(BioRad)] anti-rHgal-3 G2 2FAE 4¢F ¥
o 7)o Zu) @ sampleg FHA|A gal3& AAANI A&
AR 4 5ol gt e A5z BSAE H7t3t
o protein F=o g controlZ2A AM&-3H% TH(Kim and
Woo, 1997).

H719E % Western blotting : SDS-PAGEE 12%
polyacrylamide separating gels} 3% stacking gel& A}-4-3}
%31 5x sample buffer(2% SDS, 14.4mM 2-Mercaptoethanol,
25% glyceral, 60mM Tris, 0.1% bromophenol blue)g # 7}
5874 719 % loading 3ttt A7)|YEF gel2 PVDF
membrane ©. 2 transfer A]Z] 31 blocking solution(PBS, 3%
BSA)C.2 2A1ZbH 2 & 1x&A 24 a8ln 3§
washing ¥ 23} 3} A (peroxidase-conjugated goat anti-rat IgG,
Pierce)2 1At F 003% H,0,, 006% diaminobenzidine
£ 4% 50mM Tris(pH 7.6) &4 2.2 w4signt.

134 FAZHE gal-3d] diF GEEFAE AA3e
M3/38 hybridoma] w44 % & AH&3H3Th

BMMZ QY 2HHZ 2| rHgal-3 *{2|¥ apoptosis H :
633 9] BALB/c mice(Charles-River, Korea)& 3] A A
FAARES HAEE QAT FAA Lol Hgal-32 1,2,
4, M 52 FH7HF 1247 w%kst 3 DNA-staining fluo-
rescein dye¢! 7-AADE 1pg/mlsE =2 F7HF 308/4T o)
okatrh. dNE H¥XEL flow cytometry (FACSCalibur,
Becton-Dickinson)E ©]-£-8lo] 7-AAD9] ¥F& 'd29]
A 2450 2 MW apoptosisE =7 8} 1L, apoptosis2] &
g3 2ML 93 Cell Quest program (Becton-Dickinson)
£ ol &3t

3 4pM rHgal-38 F 718 samples] galectin family
CBD¢| Eo]# inhibitord) lactose(10, 20, 40, 80mM)E- 3
743t apoptosis = A 2o ©§ competitive inhibition
test2 313}tk Control= A & rHgal-3 t 1o} 4uM BSA
2 A7hsel A4S

4 o

W § rHgal3% asialofetuin affinity chromatography £
ol g8t FASHh Hegal3& A2l A gal37h HojF
= EA A9 double bandE X o} H A 30kDa 2ol A &
#5417, immunoaffinity chromatographyE ©]-§3}9]
rHgal-3& A A A 7! negative controlo] A& &©] & band7}
#AHA 3eHFig 1)

Fig 1. rHgai-3 expression on transformed E coli JM 105. West-
em blot with anti-gal-3 monoclonal antibody. Lane 1 molec-
ular weight marker(arrow; 30kDa), lane 2: E coli extracts for
rHgal-3, lane 3; elutes of immunoaffinity chromatography us-
ing E coli extracts from asialofetuin column.

o] & A A4 Hgal32 1, 2, 4, MY FX 2 mouse
FAML Fojdta 1247 W4 F 7-AADE o] &3t
DNAE ¢ M35} apoptosis A= E &4 3¢l Fig 29
A BE vig} go] T-AADY] FE 9] Wdle) Fulso] §
MM Eo)A 27 apoptotic distributiono] Z7}3t}7} 3
5o Ax %7] apoptotic distribution® 2 W3 e &
T At #A gt FAAE TS g3 R(2)FF vehicie
control(p)o A = o] 2] & W3 E & F A

¥ o]z} g rHgal30 &) ¥ FA A F A9 apoptosis
FE7F BolH AYE U] Yt Nz HE
ol AE AT & #FE 9138t BSAE protein con-
trol2 A48t E3 2 AFAEE 2& 204 4
g3t gal-39) ol & apoptosis7} FEH A FEE BT
o 24 gal-39 apoptosis= FHAHE So|HYL &UF
A3}E Fig 34 2852 girh. & A¥dA = BSAE
Hgal-3¢8} 2L 559 4Me 552 713t rHeal-
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Fig 2. Dose-dependent apoptosis of thymocytes by gal-3. Thy-
mocytes were incubated with rHgal-3 for 12hr. a) thymocytes,
b) vehicle control, 1~4) with 1, 2, 4, 8uM of rHgal-3 each.

302 APy Yo 22 PYO=2 apoptosis FEAFE
248901} BSAZE o4 ko 2ol apoptosis7}
=92 ggtem FYxAoA XA L apoptosis
7t A9 R=HA o} rHgal-3o) G FHA T
apoptosis= 5] %2 ¥ & AjALEIA

olg1§ Ae tBo| FAMFEXY apoptosis7} gal-
39) oj= R o] 9 AAAE gotiy] A3t 4MY
Hgal-3& A7} lactoseE A7+ A2} apoptosisel] of
& dAasE BAHRA o E A¥AAM BHAFE
gal-3¢] thymocyteo] Th%h apoptosis f- %+ gal-39 lectin
domaincll 2] o] obd & & + AU

o #

A27A A galecin-13} 9= FM A X 8] apop-
tosisE =T & Aol HHH oY WA L2 FUA

]
7] [ —=— rHgat-3 added -
::- | —e— BSA added //""’
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Fig 3. Control experiments of gal-3 effects. Same number of
hepatocytes were used for the cell type control, and BSA was
added to thymocytes for the protein control. Cells were in-
cubated for 12h a 4T.
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Fig 4. Lactose inhibition of gal-3 in apoptosis of thymocytes.
Each concentrations of lactose were added to the hHgal-
3(4uM) treated thymocytes.

EF YoM IPLPAD gal-3:L apoptosisE A Fo] B
250l gk 22U ¥ A7 JHZFE Y gal-39]
4434 B Aste FARHZY gal-3E 9 F
25E Hrlete A2 mouse FHHERFE galectin-
10]1} 99 73 $-9} vl@7}x| 2 apoptosis7t FEHE A
& flow cytometryS 53 $4o2 #3¥ F YU
Galectin family7t¢] CBDY] homologyE & & o W
A Far@oe] ohd J¥ M Fald gal-30] THE galec-
tin family memberE X @ FHH XA apoptosisE =
g2 family ol 4] homologyd Z# & o &k A
A& ohd Ao Budo

£ g gal-30] BH-1 domain®} NWGR motif ¥} ol 2t
hnRNPSHS] homology7t && B o gal-39) M X3 Y
oM e 7150y A= mRNAS degradations} BHE
Ao2 ARY & Jth & o] gal-3& pre-mRNA
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substrate$} PrP mRNA splicingel & <j 3} (Schrider et al,
1994; Dagher et al, 1995), Hela A X9 ¥FFEHA
pre-mRNASH Eg A& YA o] W3A lth(Dagher ef
al, 1995). Gal-3¢] anti-apoptosis L 3= A F7HA Cer-
minus®} NWGR motif$} BCL-2¢] BH-1 domain®] NWGR
motif} ¢] homologyZ A o] $th(Yang ef al, 1996).
gl oluz} o]a g B& gal-39] mutagenesis study -
B} gal3% bal2ut ced94) Y anti-apoptosise] E 77} NWGR
motif W] glycine Z7]o] o}3) 2HH o] B glof
A olgd§ AHdE BE 7EE] RL3fT rHAkahani
et al, 1997). 7181} NWGR motif 318 ¥ 3 & o o[
& anti-apoplosis E2 2 & &8 3 bel-2 family memberZ
9] #po|MA| apoptosis® e EAQ BaxdfHE
53 o2 Yehte REojth Z3 NWGR motifshe]
homology & 4§ o} &g motifg xd EZE°] apop-
tosiso] VHE EAYE AAlsHE RAL2A apoptosise]
ZF74 2 A 1 oj: wWepez 2Agd AU
da3e 45 AYS AAgd g 2 4389 2
A% FYEA0] oy microenvironmentse) A -8-3}
£ 7ol et 2 AEee 28 Ug F U¥E B9
Fe 232 4Zdd. ol A EZdME §F miao-
environments 4 EolA] Z S ligands7t F 30|}l
gz yehe 484 27t g 5 de A2 44
H3 Uk ol @ RE nAE F A, A2, Ho
Z7) 8= gal-32 multifunctional moleculed] IL-13} w}3t
N2 EAHQ signal peptides flolx ME Hlgo R
Fol =& Aol 544 o|tHWoo, 1993).

Gal-3& §AAY 9 AR Rl R
Hol(Liu et al, 1995; Flotte er al, 1983; Haines et al,
1983; Nabarra and Papiemik, 1988) paracrine & 24 9] 7}%
o] dAE D glon & APfA e AT E ol FE
£ ¥EE gdfto] € # 3t & A¥IAY A7EH
of ojojd e H & AFRE o|F% YU 3
7}¥ paracrine©. 24 ¢ gal-39] apoptosis fr=71 4 & %
3E Ao) © Holth B3] o] A4o] EHHEY A
oo Q& EolAQ ligandst ATF 2244 HEAQ
AAE A3 dojyds AYA oUW H[EoHY
pore-like channel2 P43t AA7tl didte] FEH
of € Aol ol Y vl Eo ml3n AFFE
Eo] 9l ligandsE 88| A= asich

Ag7A #¥ A gal-39 ligandE - j ¥ # CBDS #

@] 91t laminin(Woo et al, 1991), lysosome-associated
membrane proteins 1 J 2(Inohara and Raz, 1994), Mac-2-
binding protein(inohara ef !, 1996) ~12] 3 caxcinoembrionic
antigen(Ohannesian et al, 1995) 590|120 0|59 AY
& CBD| Eo]HQ lactoseo] oj3) Ao} oAU
gy B AgdE lactosed] 93] FAAME g
apoptosis7} @8k A Ft7le) olEF Aze gal-39)
CBDo} 9§ Zo] o} : N-terminus$} & T}-& domain
of 9% AYL ¢ £ AU o]k B2 AFEA Wells
$} Mallucci® mouse f-galactoside-binding protein (gal-1)o]
©] 3 mouse embryonic fibroblast cells}] o] g cytostatic ef-
fect7} lactoseol] oJ 3 A5 | F&-& XL, galec-
tin familyo] 41 ¢} CBD ©]9]¢] T} & domaing] 7|5 ¥ &
ol g 7HsAel A HESHT AHMey A e al,
1996).

B d o)A apoptosis analysisel] A} DNA stain-
ing dye2 M 7-AADE Al-4 3 % tH(Donner et al, 1999). 7-
AADE 1 37|17 BAAY AxYE R Y
2 39 apoptosis SO0.2 A FEuo] Wr} o] AE
o] G| M Eo} DNAS] G-C base pairst 2%& ¢
F 93 2EEA HXY FJEE FAATIE o
£ 32 apoptosistt MEHALY v #Fo] Eri(Schmid
et al,1994). 18} 31 HZol: 27| apoptosis®} ¥ 7] apop-
tosis® TFA437] 914} Annexin-V$} 7-AAD T Annexin-
Vst PIZ E33te] v A7 224 apoptosisd] hE T
AR BNE AN U £ dFAM Y apop-
tosis Z i} o] 9}zko] two dye double stainingo] 235}
Z0 443 F4E F e Ao dodd.

EAYMY a2 RE U4 gal-30] mouse FA
A Z o )3} apoptosisE 239 o] F &3 CBD
g Aol obdg & & UAAUT ol FAMNAY T-cell
education 7o 4 9] gal-38} 75 tf3te] AjALELE vl
7} At FA ) A9 T-cell education %4 Foj A thymic
selectionol] th¥ BalFFo A9 AL ofF vu|g 4
FojAuh £ 4499 e F4 AHATY FHAE
£ dendritic cells Fol A EH S AL AR Bh AA
¥ thymic gal-30] FH M Lol tfg negative selectiono]]
7ddtE B3Y & JA&E AAEt L e, o 7t
A ¢oB gal3c] thd ligands 73 T AHL F
3o s Aok & Hojrt.
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L 9N gal-3& T EH0Z FHMITNA Eof
# Q1 apoptosisg =}

2. ol FAMEANXM S apoptosisE= gal-39] lectin
domain®l| &] 3] FEH2] F&o] AlALEH T

3. o8l g datE FHoAM gal-30] T-cell education 3}
A% negative selectiono]} #J ¥ AY & A3tz gl
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