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Catfish (Silurus asotus) Lectin Enhances the Cytotoxic Effects of Doxorubicin
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Rhamnose-binding lectins are widely found in fish eggs. However, their biologic effects on cultured cells are still
unknown. Since catfish (Silurus asotus) egg lectin (SAL) bound to globotriaosylceramide (Gb3) expressed on the sur-
face of cells, we analyzed the relationship between Gb3 expression and SAL binding in tumor cell lines using Raji, Dau-
di, ACHN, P388, and K562 cells. Gb3 was highly expressed on Raji cells but not on K562 cells. SAL bound abundantly
to Raji cells but not to K562 cells, and SAL binding depended on the amount of Gb3 on the cell surface. SAL caused a
reduction in cell size and increased annexin-V binding to and propidium iodide (PI) incorporation into Raji cells.
Although this effect on Raji cells might represent damage at the late apoptosis or necrosis stage, SAL-treated Raji cells
remained alive. Thus SAL enhanced PI incorporation into Raji cells without induction of cell death. We examined
whether the effects of chemotherapeutic agent (s) are influenced by SAL. SAL increased the incorporation of doxorubi-
cin (Dox) into Raji cells and consequently enhanced the cytotoxic effects of Dox. These results indicate that SAL may

induce cell permeability without cytotoxity.
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7= RBL (S. asotus lectin, SAL) 13&EH /7 X E >
WAXRYT Mgz Wi kD, HEIEEO—fET
& % globotriaosylceramide (Gb3) IZHST 52 &
MEWESINTWD. W bhbiud, ZONmEICE
HLTGb3 ZHEL TWDEEMIICET S SAL
DFE, FBILHEEROFEREDOE &2 DIEH
BERIZ DWW TR L /.

£ B 5 &

1. SEEBM#t S XUkl 7 F > (SAL)
1, BEHOAIEICK OREEL /2.2 §i SAL Hliiigid
BE O HRIC KD SAL 208 F (HAHMAE) I
KLU THRETSHZEICKDERLUEZ. 1O N—=F v |
U > NEMERE T H % Raji, Daudi, b N B
BETd 5 ACHN KOt N8 & 1 i 555 4 A ik
K562 13, HALK 00 2 22 55 Flr 125 H e & R
DHF =KD, £ A A MK P388 1T,
Japanese Collection of Research Bioresources (JCRB)
Cell Bank KO G xN=bDZEHWE, ZhsD
MfELE 10% JE@{L 7 > Re YR ifE, 100 U/ml R=3
J >, 100ug/ml A L7 b1 22 %&EFE RPMI
1640 H5ih (H /KBS E8) T, 37°C, 5% CO, 7
fERICTHEEZITO /2.

2. hHE

2-1. PAEREO Gb3 ORI ML 2X10°
fEl) AL, $1Gb3 fifk (Bl R) Z#&
B 10 ug/ml 2725 XS ITA, 4°C, 30 /AL
U7z, U ZER#eE £ M &3 (phosphate-buffered
saline, PBS, pH 7.4) IZ T¥i§1%, Alexa Fluor (AF)
488 FE Y FHi~ 7 A I1gG (Molecular Probes 1 8l)
ZHKIEE 0.8 ug/ml THNA, 4°C, 30 /AL L /=D
%, FACScan (Becton Dickinson #1#!) 12k 0 &#E
TR 2 HE Uz,

2-2. SAL OfRZEADFES  HifE (22X 10° &)
IZxt L, SAL {F#KR (10 ug/ml) % 100ul Nz, 4
°C, 30 /> [ELEE L 7=. PBS IZ C¥e# 1%, PBS T
1000 f5IZ AR L 7241 SAL Hilfiig 2 100 pl fnzx, =
51T 4°C, 30 7rEMLEE L 7=, PBS T¥ii%, AF546
B v i 0¥ 1gG (FEIREE 0.8 ug/ml) ZMNA,
4°C, 30 AL EE U, k52 & AERIC FACScan 12 &
D SAL OfiaEzHlE L.

2-3. fRROKESOAIFE Ml (2X10° &)
IZxt L, SAL {F#KR (10 ug/ml) % 100ul Nz, 4

°C, 30 AL U 7=. FACScan I2HBWT, #fuIZ
gt N7z L —5 X0 S it & 5605 BEL
(forward scatter light, FSC) 13, #HifaOEmME (K
EX) ITHBITHDT, Zd FSC iz v THll
DREIZHEL 2.

2-4. SAL ALEBMR~NDTXFL > VOREL
Ik 7oESY L (PI) ORYIAK  #ijE (1
X105 i) 1ZxtL, SAL ¥&#k (10 ug/ml) % 100 ul
Iz, 4°C T304rf, %Wk 37°C T 30 77fH,
12 R ] OF 24 BERAALEE U 7=, 7 73R h— 3 ZHIiE @
213 MEBCYTO apoptosis kit (MBL #%1) %
J 7= . Binding buffer |2 i i & % & %, fluores-
cein isothiocyanate (FITC)- 7 %%+ > V KT PI
ZfMA T FACScan IZ X D #IE L 7=, SAL BrREEZD
7 FF 2V OREE KO PI ORLD AR BEDZ(LI,
4°C, 30 73l SAL (R&UREE 10 ug/ml) CTHLEE L 7=l
filZ PBS Te¥#s, & 51T 37°C T 24 G
U, [FRDHETHEL .

25, AZAN—FE 3RV -8FHEDATEY
f (5105 f#) 2%t LT 10 ug/ml SAL ¥5% 100 ul
ZNA, 4°C T3 3040/, 37°C T3 22 RFELEE L
7, HAN—1 -3 KU -8 DHIEICIE, CPP/
caspase-3 colorimetric protease kit X% FLICE/
caspase-8 colorimetric protease kit (MBL) % W\ T
fio7z. fMifaz SAL QLEEs%, MifLiAf#Hk & A T
KHT 10 s LER L, 30 BEf:, BIEWRIC 10
mM PFF AL A ~—)V (DTT) % & 2Xreac-
tion buffer ZHRMU 7=, ZD#%, & (WA/N—F-
3, DEVD-pNA ; /1 28— -8, IETD-pNA ; #&
& 200 mM) ZERHNL, 37°C T2 BififsEs, KwE
405 nm D WO Z e L 7z.

2-6. FFVI)LES > (Dox) HYAHKEBDATE
HIAE 2 1X 105 il /200 ul 12725 & 512 96 well plate
I &, SAL GRIREE 100 ug/ml) Zf0A, 37°C,
24 S E L =05, Dox & #IEE 100 ng/ml 12
B EDITMA, 51T 37°C, 30 4y RkE %%,
FACScalibur (Becton Dickinson #:#1) THIENIZ
B OIAENT= Dox DEZHEL /=

2-7. SAL RU' Dox LI (C & 2 MRRE B DA
T M E 5X 104 #/200 ul 12725 & 512 96 well
plate IZ#§ &, SAL ({2 100 ug/ml) ZhNZ,
37°C T 24,48, 2 B E 3 L7z, Mo EGER
3, MU T —2 W A FE PRI K 0
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& U7z, Dox DEFEMGIZN L, Fx DT 60
RefisE L, LECEFARDFIETHIE L 2. SAL
ATRLER 1T & % Dox oDl e 3 Al 4 il 2 S D HE i 1,
HINEIZ SAL Z #4100 ug/ml 12785 X S ITMA,
37°C, 24 FffRE38 L 72D 5, Dox Z &I 100 ng/
mliZ722 LD IZMA, & 51T 37°C, 60 KffHhs &
U, [FROHETHEL .

& R

1. [EBEMIED Gb3 RIFL SAL OfES Ml
KHEICHEETHHEEO—~MTh D Gb3 1, /N—
Fv b INEMBEICBOTERELTWSZ &N
BIZHOSNTWS. 19F 2T, GB3DORIE &
SAL DG REICDOVWTHNRNAZEZ A, Gb3 Z3H]
L Tl K562 fllfid Tl SAL OfE &N H 51 7x
WDIZH L, Gb3 OFEBNFED 5 15 it Dl el
(P388, ACHN, Daudi ¢ 0\ Raji) Tl SAL O#5&
MWD BNz, K562 Ml D Gb3 FHl & & SAL @
EERESA 1 ELREE, HGREOENS,
P388, ACHN, Daudi % 7% Raji fli 1 ® Gb3 ¥ &
138 % 2.5, 2.0, 2.0, 12.6 {% T, SAL OfEERIZ&
% 4.7,11.8,11.8,623 (5 THo/=. T 5DFERM
5, AR THWZMBOPTERS Gb3 DEB &
2NE W Raji fllfid T, SAL O#EEGEN RS E W
NEsnz (Fig. 1).

2. SAL LEBHRE~DTXFL > VOIEE L PI
Y AHDEM  Raji Mgl xd % SAL O
EEEOGEZFHND ZE2HME LT, HEMIE
T 57 R%FT 2 VOEGESL PLORDAAE

OEIZDNWTHRE L2, TSR, SAL (10 ug/
ml), 4°C, 30 )FIDUE T, 81% DMLY *F
>V EPLEBICHME GEBGME) ZxRLU7Z (Fig. 2
(A)). —F, 31°C TOEESRMHTTIE, SAL (10
pug/ml) ORI U CHBERN EF L,
24 RFEALEE THIGMEERIL 55% Td o 7= (Fig. 2(B)).

3. SALBREICELDT7ARFL L VORELPIER
VARDED  SAL JLEE Raji Mifaix, ~U /N>
T —FEAFEIC K SMAEILEED S NN H DO,
TXFT 2 VOEKRDPI DEOIAARNE HITH
HETHD. ZN5O T EH, SAL ULEEMAL DK%
WS SAL ZREL 72 EEICBLTHNENE
BEt L7z, M E R L - Mia B =l S SAL &
WMORE, 37°C TS ICHEEZMET B &, HE

PEZ R I MM (Fig. 3(B), LML 83.2%) DH|
BN 1/3 1AL 7 (Fig. 3(C), =R 29.6
%). F7z, SALBREIZ K O HBGIERAME T L 724
faoRESE, ROUEMEEFRSFETHEL &
(Fig. 3(D)). ZDOZ &/15, Raji fifdid SAL QL3
RO RFT 2 VORBAEKRTPIORD AL LS
ZHEMZRTHOD, MEICETIEESRNHOD
EEZHN5.

4. SALAE(CLVYFESINDMARE  SAL
DY R =2 ANOREEGEKRFATHHIT, HX
IN— -3 KU -8 DIEMEZHEIE L. SAL (10 ug/
ml), 4°C, 30 /3K TN 37°C, 22 BiEALEE T, &5
5DOEEREED ERBEO SNBMho - (F—F1F
IRV, K, MilEGFRZAXRLE A,
SAL (100 ug/ml), 24 BB CIZa> ho—)L &
FREETHD, ISICT2HMEELEEE, O
ho—)L &l U TR 30% > L 7= (Fig. 4).

5. SAL FIALE(C & % Dox @ﬁéﬂiﬂ@ﬂ%iﬁi@'lﬁ@ﬁ
SE SAL (10 ug/ml), 37°C JL¥ 2 , LRI
&RV Raji Mg~ D PI DELD ﬁ?}g@iﬁﬂbﬂz‘)\
HEINEDT (Fig. 2(B)), EMY D INEICER)
AL FIREFI D 1 D Td 5 Dox DHLD A AMHENN
TEHEMEMBRF L. Dox DHUDAZERIZ, 1)
SAL (10 ug/ml), 4°C QLE K D 15 li%‘:m@“,%ﬂiﬂa
X, AiRDLDIZ, 81%B THo=DizxlL, 37°C
I TIX 552% ThHo7=2 &, 2) SAL (100 ug/
ml) T 37°C, 24 Wil 2 Z &izk D, G
R OEIGH 4°C LK EFEE (74.7%)
KERLEZE (F—FFRSBRW), 3) SAL
(100 ug/ml) T 24 FELEE U T HMM D A FHRIL
FEEAERTLAEWZ & (Fig. 4) 725, SAL D
JLFETE 100 ug/ml TH7o 7=, Figure 51T/RL7=LD
12, SAL (100 ug/ml) T 24 FrfAFidld 5 Z &1T
KU, Dox ODHLD AHEMMNRD 57z, Dox @
B AAEENZRLL, 30 min LR D &< 50% i#
fmU7n (Fig. 5), #WmM#FEO LA, 1hExTLM»
HERINLho (F—=FEIRI V)., £k,
SAL R LB AL D Dox B D jA A& (30 min JLIERF)
13, SAL RULFEHIIZ Dox CShUE L /-zEED
BOABABICIEHL TWiz (=3RS,

6. SAL LI (C & 2 Dox OFAREE M D14
Dox O Raji @iz I 2 EE R L&A,
48 IR ETALEE TR EARGF e D EGERMBME T L
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Fig. 1. Comparison of Gb3 Expression with SAL Binding on Tumor Cell Membranes

A, C, E, G and I: Cells were treated with anti-Gb3 monoclonal antibody (mAb) and polyclonal goat anti-mouse Ab coupled with AF488 (——). The degree of
Gb3 expression on tumor cell membranes was determined by FACScan. Fluorescence intensity of control cells: (------ ). B, D, F, Hand J: Cells were incubated with
SAL (10 ug/ml) and anti-SAL antiserum, and then reacted with goat anti-rabbit Ab coupled with AF546 (——). The degree of SAL binding to tumor cells was ana-
lyzed in the same way as described above. Fluorescence intensity of control cells: (------ ).
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Externalization of Phosphatidylserine (PS) and Incorporation of PI into Raji Cells

Cells (1X10%) were treated with or without SAL (10 ug/ml, 100 ul) at 4°C for 30 min (A) or at 37°C for 30 min, 12 h, and 24 h (B). Analysis of annexin V-

bound versus Pl-incorporated cells was performed by FACScan.

7= (Fig. 6). SAL THILE TS Z &Itk D, (K
& @ Dox THEFREEZNRINED SN2 NEN &K
U 7. SAL (100 ug/ml) T 24 K:f# (Raji flifig o
HFERICHEE G 2T W) LWL 205,
Dox (100 ng/ml) T 51T 60 BFEALEEL /= & 2 5,
Dox ML TDAEFRIL 69% TH 2 DITH L,
SAL RiLEIZ XD, AEHERIIFT24%XETHETLE
(Fig. 6).

z £

RBLIZL- T4/ — AW L TEWEmMMtEZAE
U, £85I N RE0DS - TTU M R
A EEIICEHRT D END, oFWL 7 F 2
BASNBWIZ = G SRREEZRT. Y Z

NETHSNMZII N X ELEOFE#RN S,
RBLIZ 23 DK Bz RAA 3% 25 LT
WEREEZ L TBY, 2N ThO RAAL ITIE
BECRESINZIC Y ARINED N
.02 XS RBLIELIZF>HnT&ELT
OMWE R AR EITDOVWTHL NS T
TNn5H00, fMfdicy U TH#EZN L IERZS]
SERITONENTIDODWVWTIEHED E Z ARSI N
TR,

Gb3 13&ER-FHHE (NOFEHK) DLt Ty—&L
TOHREZE TS, TNO L, ZOHEFRIZ
Gb3 BEMMEICHEL T, YRE— 225 &H
T ZEMARRICIRD. T £, GBI D o- T
7RI —=BITX RN, UV —ATHIEBICHE
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Fig. 3. Reversible Effect of SAL on Annexin-V Binding in Raji Cells

A and B: Cells (1XX10°%) were treated without (A) or with (B) SAL (10 ug/ml, 100 u1) at 4°C for 30 min. C and D: After removing SAL from the medium, cells
were incubated at 37°C for 24 h. Analysis of annexin V-bound versus Pl-incorporated cells was performed by FACScan (C). Cell size of SAL-removed and -unre-
moved cells is represented by bold line and light line, respectively (D). Untreated control (the same as A): dotted line.
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Fig. 4. Cytotoxic Effect of SAL

Cells (5 10*) were treated with or without SAL (100 ug/ml, 100 ul) at
37°C for 24, 48 and 72 h. Cell viability was analyzed by trypan blue dye exclu-
sion assay. White and dotted bars show SAL-untreated and -treated Raji
cells, respectively. Data are representative of at least two independent experi-
ments. The percentage of cell viability with the standard error indicated by a
bar above each column.
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Fig. 5. Effect of SAL on Dox Uptake in Raji Cells

After treatment of cells (1X105) with SAL (100 ug/ml) at 37°C for 24
h, cells were treated with Dox (100 ng/ml) at 37°C for 30 min. Dox uptake
was analyzed by FACScalibur. Fluorescence intensity shows the amount of
Dox incorporated into the cells. Dotted and bold lines show SAL-untreated
and -treated cells, respectively.
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=47 hELUTSAL G L8R, EokD
BN RERT OMRET L. 4 OIESEMIEE H W
T Gb3 DFEHEE SAL DS E DR ERRZ &
ZA, Gb3 OFBNED SN0 K562 Hifid Tl
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Gb3 Zm B L T % Raji i L TIX, SAL
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Fig. 6. Enhancement of Cytotoxic Effect of Dox by SAL

Cells (5X10*) were treated with Dox (25, 50, 100 and 200 ng/ml) at 37
°C for 60 h. In another experiment, after treatment with SAL (100 ug/ml) at
37°C for 24 h, the cells were treated with Dox (100 ng/ml) at 37°C for 60 h.
Cell viability was analyzed by trypan blue dye exclusion assay. Control,
without SAL and Dox; SAL-Dox, with SAL and Dox (100 ng/ml) . The per-
centage of cell viability, with the standard error indicated by a bar above
each column.

WZ Raji iz Em<idanz EaRE N/ (Fig.
D. IhsDZ EM5, SAL OEEMIEAN DS
FFRITGI ZNM L TWVWBE EEZEZENS.

MDY R b — ZFNE, EE ORI E
ETHRAT7yF2)N Y > (PS) MHlfulES)fE
AT THIENAMENTHBD, 20 PSITREM
AT 27RF I VORAZ7O0—Y1 b
A= —THHT2ZEICLOMHBTES. £z,
R O—2 ZADRITIE, MR D g% K LT,
A EBEYE Td 2 PIAHIIENICE DA X
N5E5I1I2RD, ZNdEKICTO—YA K A—
Y —THRHTES., —f&iZ, 7%xF2 > VEUPI
DAL T 2 MIARET Y R b — 2 ZABIE IR
O—J ZAREEZRT EEDN TS, SAL LHEIC
£ D Raji M@ TIX, 7*xF > VIAEIZ PI A3k
btk & 720, RKFICHY A XOMi/NNERI N
(Fig. 2). —fRMJIC, ZOIRETITMAIEZT R N —
DABM, T BT L T SIS
N%. UL, Rajiffildz SAL (100 ug/ml) T 24
REEALEE L CHMBOEFRIT, RUEOMNE &K
FEIRWZ En G, SAL I Raji fILIC M5 2 7% 8
U7y (Fig. 4). 3512, SAL ULHE#%, RE#ikHh
M5 SAL ZHD Fr = IREE TR 2 L 7= /ifa TI3,
T FRFT 2V ORE KD PLEDIAFHD L )L

DU, HIEAXDIEFIGEVREBIZERLDDH S
ZENMRMEINS (Fig. 3). SAL L#4 L 7= Raji
MBEDH/NL, 73F 2 > V R PLIEHEICRS
WHHIHT, FMEICESBWHEBIZOWTIEXRS
FHTHO, SHBISICHMATIHEND 5.
SALLBIZ KD I D27 3xF2 > VOREEICHE
LT, filI, SAL 7' PS Ot @R~ DBITIT
53207265 EEZHS ML TY
.20 Lol, MBEAZBEEYE THS P,
HEDFE SN TWARNHIICERDIATN 2%
WOWTIREAHBHTERW, PIZRDAENS
B3, sk Lz&Sicxr o0—2 ZIRETHRS
NAHMEEDREICL 2D, HEVEHHEDOF +
FINDE DAL O L 72 & S ITIERRAICE D A
FNBHIEMEZSNS., SALEZRV7O0—2 X %
FAYLRNWDT, SAL & Gb3 & DOFEAASH I D
MEZ b znl I L, PLORDAAZEMNS &
Zu[REEN D 5. BB ENEIIE RS I & 2
U722 < Offifaid, =OMIicHBEL TWa A F >
FrRIZEHETEZEICE-T, MlBOREZH
BURAF AT AZMERFL T I ENmESN
T3, 22 SAL IZX 2l D /NN Z DK D 7aA
F2F v RIVORMAZFEL, WHEOEENZZ21L
IELAEEDEZILONDS. TDI &I, FHEI
Dox DHL D A A A SAL JLERIC K - THE Z 5 il A i
O FLOBORE) I2X> TR X, Raji
RN BT 2 HURE RN RO R T 5 E WO FERN S
HRBEIND (Figs.5,6). L7 F Uhifligicsy
A—VEH5ZT (M z#EET) 12, MEOSE
WEZEI 2 o=V TENUL, HRx Mty
EBRIIGHTE S EHIfFIN 5. 41, SAL AL
WCE-> TR S PIORDAHEREE X 5ITHET
52 EITXD, Gb3 2N L THIEE I IS SAL
ORI KT 2BED AN Z AL EZHENIITES
HbODEEATND,
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