
�������(2004) �44	 �1

Korea J Vet Res(2004) 44(1) : 83~88

83

�� ���� �	
��
����� ��

����������	
*

����� ����� 	
���
1�
��
 ���

(����: 2004� 2� 7�)

Expression of galectin-3 in rat brain
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Abstract : Galectin family, endogenous β-galactoside-binding animal lectins, is known for the role in cell
differentiation, morphogenesis, apoptosis and tumorigenesis. Galectin-3, one of family member, has been
studied for its role in cell differentiation and tumor metastasis, and for its expression on epithelial cells
of colon and mast cells but not in brain. Several reports, however, suggest its expression in brain including
as a prion binding protein. In this report we explored possibility of galectin-3 expression in brain tissue.
With Western blot and RT-PCR with rat brain tissues, we could detect galectin-3 that was not shown by
conventional immunohistochemistry. Our results indicated galectin-3 was expressed in brain, and substantiate
the previous report on galecin-3 as a prion-related protein in brain.
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Galectin family� �
 �� β-glactoside-binding lectin

��� ��� ��, ��, �� �� ����  !�

"#$ %&. '()*� '+, 14-.� galectin� /

0123, �� 4 35� galectin, 6 galectin-1, 3, 4�

78�� 9: ;< =>? @A13 %& [1-4, 15].

Thioglycollate� B�CD macrophage�� EF /0

D galectin-3� [10] �G �H� I��� IJK 26-

35 kDa� monomer�� ��L MN3 ��/HOL P

QR ST UV� -WCX -W� Y� � �
� �

G HY� ����  !� "#$ %!Z, 9: laminin

� 9�[!� \]��  !� "#$ %& [17, 29,

30]. Galectin-3 ̂ _O< @CT ` ab1c %!Z -

L de�� fS1c mouse, rat, MN3 human�� a

3D galectin-3 ^_OR '(� /0D hamster�

galectin-3 ̂ _O< gh ij�� 80% �T de�k

a�3 %& [3, 5, 11].

Galectin-3� �� lm n opq ��� 6, ��O

R g ��r I��Z, s, ��t�r IuD& [22,

28]. Hb� mvCwxy� ��m galectin-3� B�C

D tissue macrophages, dendritic cells, alveolar cells s�

Kupper cells �k �z, macrophage {|� ���R

[8] +C�, }�, ~� T����� &K /�� 1Z

s, IuD& [12, 16]. �m � UV��� �o� /

� 4 ��[f 9�[ /�� a31c %!� [3], S

T �
��� ��1* ��& [8]. �q� galectin-3�

mvxy�� �, ��k Hj!� � � dorsal root

ganglion neuronsk [19] �t, }���� �
� ��

�� /�1* ��  � S�� 1c %&. 

Galectin-3� ��O�� g�� ��� � �fhC

RS� �c�Z, g���� CBP70R \]1c %!

� lactose� �?� �� galectin-3� RNAX \]�3

CBP70< �� �� �� ��1c %H� galectin-3�
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N-terminal� hnRNPX de, >U�  !� �T�3

%& [23, 27]. s, galectin-3� nuclear ribonucleoprotein

R �]
� ���� prion protein (PrP) mRNAX \

]�� ^_O� a312& [24]. MG�� g���

galectin-3? prion� /��� ��� PQ�  !� �

 1Z pre-mRNA substrate� PQ�� splicing� ��

z!�¡ mRNA processingR �¢D  !� �S13

%& [7]. s, scrapie� £xD hamster� � UV��

pre-mRNAX \]D galectin-3? /0123 [20], �t

�r 68 kDa� laminin binding proteins? prion \] ^

_!� a313 %& [25]. 

�q� ¤ =>��� *¥)* ��� /�1* �

�&� Hb� =>\R� ��� }������ prion

\]^_!� PQ�H ¦8�� galectin-3? � UV�

� /�1c§ ,&� ¨�� RT-PCR�R Western blot

analysis� �Qz!�� Hb� mv xy©�!�� *

¥)* ªf�* «¬­ �UV��� galectin-3 /�k

ªf�®&.

�� � ��

��� ��

�¯ 5-6°±� Sprague-Dawley -� i² rat� �X

~UV�� RNA� ���H ¦8 acid guanidium

thiocyanate-phenol-chloroform�k eQ�®& [6]. ��

D RNA� ethidium bromide? �?D 1%� agarose gel

� YH³��� IN, ¯ OD260�� ´µr�  S�

� SK�®&. RNA� &¶� ·¸ ¹º� %c eQ

D ».iX ¼JH>�< diethylpyrocarbonate� EN

, ¯ eQ�®&.

���	
�

RT-PCRk |�� galectin-3� 9�, RNA� ���

H ¦8 ½½ 9�[f xH�¾� oligonucleotide primer

�k 3¿(Table 1), ]��� �Q�®&. ½½ senseX

antisense� primer �k �U�®!Z �P< Takarae

(Shiga, Japan)� �À�®&.

Reverse transcription solution (dNTP 2 mM, random

primer, MgCl2 1.5 mM, reverse transcriptase, RNase

inhibitor)� RNA� �?, ¯, 25oC�� 15IL, 42oC

�� 60IL, 94oC�� 5IL �Á�Â cDNA� ]��

®&.

PCR< thermal cycler (Perkin Elmer, USA)� �Q�

� 30 cycle �Ák iA�®!Z Ã*Ä cycle ̄ ��

»ÅD DNA� 72oC�� 10IL }��Æ&. PCR hÇ

< 2% Nusieve agarose gel (FMC Co. Ltd., USA)� Y

H³��®&.

,È, eQ, primers� sequence(5' É 3')� &F

R Ê&. Y©� primer�� (¦Ë; 415-495) G3F

(actgactagtgccctacgatatgccctgcc)�, ̄ ©� primer�� (¦

Ë; 815-846) G3R (gcccaccccttctggcttaga)k ¹º� eQ

�®&.

��
����� ���� ��������

RT-PCR hÇ� Ì�­ mRNA� �,  Ík ªf�

H ¦8 Southern blot analysis� iA�®&. RT-PCR h

Çk 2% agarose gel� YH³�, ¯, MeOH� B�C

�Î nylon membrane (Boehringer-Mannheim, Germany)

� ÏH3 UV� 5IL Ðc 3S�®&. � membrane

k prehybridization solution (50% formamide, 0.5%

Tween-20, 5X Denhardt's solution)� Ñ? 45-55oC��

20IL �Á�Î &F 100 ug/ml sonicated salmon sperm

DNAX digoxigenin-labelled specific oligonucleotides? �

c %� hybridization solution� Ñ? 45-55oC�� �

ÒÓ �¿ �Á�Æ&. Membrane< anti-digoxigenin

alkaline phosphatase conjugate antibody? �?D TBST

(Tris-buffered saline, 1% Tween-20)� �Á�Î ¯, p-

nitroblue tetrazolium chlorideR 5-bromo-4-chloro-3-

indolyl-phosphate? �zD TBS� /y�Æ&.

	������ ���������� ��� �
����������

Ether EN, �¯ 5-6°±� Sprague-Dawley -� i

² rat� �X ~UV� ÔÕ�� homogenizer (M.

Zipperer, Germany)� Ö×, ¯, 14,000 g� 30I �¿

1Ø ÌÙIN�� TÚÛk Üi�®&. &� 20,000 g

� 1�L �¿ ÌÙIN �� Ý< TÚÛ< asialofetuin

k �Q, affinity chromatography� IÞ12&.

Asialofetuin affinity column< iC�Î cyanate-activated

sepharose 4B beads (Sigma, St. Louis, USA)� asialofetuin

50 mg/mlk �z, PBS (pH 8.0)� Ñ? 4oC�� �Ò

Ó �¿ �Á�Î &F phosphate buffer (10 mM

phosphate with 2 mM dithiothreitol (DTT), 1 mM MgSO4,

0.2 mM phenylmethylsulfonylfluoride (PMSF), MN3

0.2% NaN3, pH 7.2)� ß�k àá P��®&. Column

Table 1. Design of primers for RT-PCR

Primer Sequence(5'�3') Size Location

G3F actgactagtgccctacgatatgccctgcc 30 bp 415-495

G3R gcccaccccttctggcttaga 21 bp 815-846

RPF ggtctatagccaaagaagcactg 23 bp 1045-1068

RPR ttatgagacacgacctaattctagc 25 bp 1387-1411
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k |, ^_O zdÛ< &� column� â#°c Ü

iã� »7� ä�®3, 3-5å� column volume�

phosphate buffer� �æ�®&. AsialofetuinR \]D

galectin-3� 0.4 M lactoseX 2 mM DTTk zd, PBS

� Üi�®&. S� RS 4� Ýc@ IÞ �� ^_

O W< Lowry�� �q SK12&. ,È, W� 7U

ç!�� E. Coli systemk �Q�� ¤ ¹º¹�� �

U, dYJ èU] human galectin-3� eQ�®& [13]. 

����	�� ! "������ ���� ��������

UV�� ��, ^_OR affinity chromatography�

S�, ^_O< Laemmli ©�� �q �UD sodium

dodecyl sulfate (SDS) 12% polyacrylamide gelR 3.5%

stacking gelk eQ�� éÌ Uê��� iA12&. Y

H³�� ëì gel T� band� PVDF membrane� 30

V�� 3�L �¿ ���Æ!Z, galectin-3� ªf�H

¦8 9�[f M3/38 hybridoma ��åW TÚÛk 1

Ø í
�� �Q�®& [10]. 2Ø í
���

horseradish peroxidase-conjugated goat anti-rat antibody

(Promega Biotec, Adison, WI)� eQ�®3, 3,3'-

diaminutesobenxidine tetrahydrochloride solution!� Tî

�� 30¼ �¿ /y�Æ& [21].

� 	

Fig. 1A� ~X � UV �ï�� galectin-3 9�[f

primer� �Q, RT-PCR� \R�&. ~ UV (lane 1)

R � UV�� ªfD band�� ðH� 7ñ 430 bp�

�òó&. ,È, �ô� Ýc@ band? galectin-3�

mRNA�� »Å12�*� ªf�H ¦8 cDNA� 9

�[!� fõ�� internal probek �Q, Southern blot

analysis� iA�®&. Fig. 1B�� ��D öX Ê� »

ÅD band� galectin-3� mRNA�� d÷12F� ª

f123, RT-PCR� �8 Ýc@ \R� densitometric

analysis� (Molecular analyst, Bio-Rad, USA) SK[!

� Iø8 aùk � � UV band� úr� ~ UV�

u8 8I� 1 Srf  !� ªf12&.

,È, ��� %c� /�D mRNA? Hû[ ^_O

Fig. 1. Expression of galectin-3 mRNA in rat tissues. 
(A) RT-PCR products separated on 2% agareose gel. (B)
Southern blot analysis of RT-PCR products with internal
probes. The bands were 431 bp: lane1; 1 kb marker, lane
2; lung, lane 3; brain.

Fig. 2. Western blot analysis of galectin-3 was done on 12
% SDS-PAGE. (A) with crude extracts, lane 1; control, lane
2; lung, lane 3; brain, lane 4; marker. (B) with affinity
purifed proteins, lane 1; brain, lane 2; lung, lane 3; unbound
lung protein, lane 4; marker.
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� ST[f translation RSk üË* �� ��� �

ý ` "�$ %� e¹��� Western blot analysis�

¹��� galectin-3 ̂ _O� /�k ªf�®&. UV

�� ^_Ok ��, ¯ YH³��� galectin-3 ̂ þ

ÿ� í
� �Q�� �»�®k �, W� 7Uç!�

eQ, recombinanat galectin-3X ~ UV�� ��, �

ï ��� galectin-3� 30 kDa �¦�� /y �Ák ª

f� i %2&(Fig. 2A).

MG� �ý a3D öX Ê� prion ^_� /��

�¢1H ¦8�� ���� /�� �i[�H�

galectin-3? lactose� \]�� �Ok �Q��

asialofetuin affinity chromatography� ¹�z!�� �U

V��� galectin-3� S�� �r�®&. M \R S�

D � UV�ïX ~ UV� �ï�� ^þÿ� í
�

fõ1� ^_O� Western blot analysis� �8 ªf1

2&(Fig. 2B).


 �

Galectin-3� ~, }�, +C� � �G �H, �G �

�� �� I�1c %!Z M Hû� 78�� &W�

� ��13 %H� �*� Sª: ��1c %*� «

, T��&. M��r �>�3, '( galectin-3X 	�

c �¢� laminin binding protein�� prion proteinR \

]�� prion ^_O� /� U
Hû ?û�� ���

� �q [24] ¤ ¹º��� galectin-3� rat � UV�

�� /�k ���®&. ¤ ¹º��� �� ¦�� �

� galectin-3� /�k mRNAX ^_O ij�� �»

�®&. ¤ ¹º��� � UV�� 
[1c %�

galectin-3� W� �: [c ��� c#�  � �T1

2!�� ýK� mRNA� /�� ªfR /�K� �

»k ¦8� a& �£r? �< RT-PCRk �Q��

mRNA� /�k ªf�®3 Southern blot analysis� i

A�� �� �»�� ©�k ���®&. Galectin-3�

7, 9� primer � (G3FR G3R)!� cDNA� »Å�

Æk �� �T1� PCR �Á hÇ� ðH� � 430

bp Sr� �TD&. ¤ =>� \R� galectin-3 mRNA

� � UV�� /� Sr� ~ UV� u8 �o H

b� ©�!� ��1* �ù­ �Y� \RX �Ë,

& [8].

,È, UV�� ��, ^_Ok affinity chromatography

� S�, ¯ Western blot analysis� iA, \R � U

V� ^_O��r ~ UV�� IND ^_O�� �

�D  R �Ë�� ðH� band? /�1�  � ªf

12&. �� galectin-3� ���� /�< u� Hb�

mvCwxy��� Western blot �� |T[f ©�!

�� ��� 1* �k Sr� �*�, affinity� �Q,

chromatographyX IJ�Çw[ ©�k �Qz!��

��� i %!Z, s, �
 ��� galectin-3� �

+K!�r �NB�k �ò�3 %Fk �e�3

%&.

�Y�� galectin-3? g�� bè�m� mRNA

splicing factor� PQ,&� ?û�� üÿ1c �!�

[14], galectin-3X V�[!� PQ�� g� ÇO� 7

8�� ª¹: ��D ö? �2&. '( g� pre-mRNA

HO�� small nuclear RNA�� galectin-3X \]z�

a31m� galectin-3� mRNA splicing factor�� v�

� ª¹� 13 %& [27]. 9: ^�!�� prion mRNA

� \]�* «�� ST prion ̂ _ (PrPc)� galectin-3

X \]�m prion mRNA� \]� i %F< �ý��

\R�& [7]. +� BSE, W� scrapie, e���� vCJD

�R Ê< prion� O���� ST[f PrPc? scrapie

form (PrPc)!� Yé1m� O�� @A1H�, �X Ê

< �¢� e¹�� �ü�m galectin-3? prion disease

� �NHY� ��  ?û�k �e�3 %&.

,È, glioma� astrocytoma�� galectin-3? /�1

2&� a3? %H �!� [9, 26] ¤ =>��� \R

? brain }���� �,  � op3 �UV 4� b

è�� macrophage� ��� ��� W�!� ��k

?û�r �½� i %*�, MG, a3� -W���

� ��D  !�� ��� -WC RS�� galectin-3

� /� »? �T< �ý ` "#$ %H� [16, 30] S

T � UVk �¶3 %� &W, ����� galectin-

3 /�� 7, m", =>� #!� ��8§   �I

!� �o %&.

� �

¤ ¹º��� Hb� ��[f mv xy©�!��

��1* �ù­ � UV��� galectin-3 /�k

galectin-3� S� $ Western blotR RT-PCR ©�!�

ªf�®&. RT-PCRk �Q, � UV��� galectin-3

mRNA� /� Sr� ~ UV� u8 8I� 1 Srf

 !� ªf12&. � UV�� ��, ^_Ok

asialofetuin affinity chromatography� S�, ¯ Western

blot analysis� iA, \R ~ UV�� IND ^_O

�� ��D  R ��, ðH� galectin-3? /�1�

 k ªf�®&. �G, ¤ => \R� *¥)* 4�

}�UV��� /�1* ��  !� "#@ galectin-

3? �UV�� /�13 %&�  k a�°3 %H�

galectin-3? �}����� prion� \]�� ^_O 4

� ��q� => \R� **��  !�� #!�
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prion� O� =>� %c� galectin-3� v� ���

�%zk ���3 %&.
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