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Combination Effect of Catfish Lectin and Anti-cancer Drugs on Raji and K562 Cells

Shigeki SUGAWARA, Kae ARAYA, Masahiro HosoNo, Takeo TATSUTA, and Kazuo NITTA
(Received November 20, 2011)

Silurus asotus (catfish) lectin (SAL) is a 32 kDa protein belonging to the rhamnose-binding lectin (RBL)
family. SAL also recognizes galactosyl a-linked carbohydrate chains of not only glycoproteins but also
glycosphingolipids, especially globotriaosylceramide (Gb3). In the previous study, we revealed that SAL increased
uptake of doxorubicin (Dox) into Raji cells, and consequently enhanced cytotoxic effect of Dox. We studied whether
SAL also enhances the cytotoxic effect of vinblastine and irinotecan in Gb3-expressing Raji or Gb3-negative K562
cells. Treatment of Raji cells with vinblastine (25 ug/mL) and irinotecan (5uM) for 48 h caused decrease of cell
viability to 69% and 68%, respectively. Although cytotoxic effects of vinblastine and irinotecan were significantly
increased in SAL-pretreated Raji cells, only a slight increase was observed in SAL-pretreated K562 cells with
vinblastine. These results indicate that SAL enhances the cytotoxic effect of vinblastine or irinotecan in Raji but

not K562 cells.
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HESHOME 2 R L TRIET AL 7 FVid, &5
WLEWRICAHIEL TBY, FTFETIIE 3 DAaH
ELTEZLNTOVOHEHOZIT T L L CERME
FoTwd, WL s F dEY - ARBE - 2
K- AL - MR EEE~NOBE G2 R I TE
D, FOAEWFENERICELTTFESRTWS, D
T EOFEECTH BB A N A 4~ (carbohydrate
recognition domain, CRD) DA S, Bl 7
FoE, EnboL LTEMEBIIA VY T A4
F o alBETLCRLIFEBTT T NUR
EEHEE BT AN L 2 F VR EN S NT
Wh W2 MmET L) HEE - BRIz L 2 T U,
ERROVIZF L ERRRZY)L-TL - AL a-T T
7MY PR LTEWBHMEZET A2 EAURE
nckHh, 747 —AEEML 75~ (rthamnose-
binding lectin, RBL) &IEEN T 2%, F < XII &
D #5772 RBL T&d % Silurus asotus lectin
(SAL) &, 79 7 by v atEatsEsHT 5071
=Rk L, BFICHERE” @ globotriaosylceramide
(Gb3) AT A I LDPHLIZENT NS, 379
Gh3ZEHB L TWAH/N—=F v 1) ¥ 73E Raji #l
Ja~® SAL O#E A1, multidrug resistance 1 P-
glycoprotein (MDRI1 P-gp) O{fAbx /L TH A

M~ORITEFIEREI L, © /2, BT AT ¥
AV Kvl3 oiFE ALz 4 LT, Mg &yt
NDOH) T AAF VBRI, FkIZKS T
BT 5720, EEMLOME NG &I S
L. 9 LhL, Gh3 %I L Twe v K62 flig T
BZoL) ZBREIR NN ENE, INb
DHZIL SAL O Gb3 ~DFEEDH| & 4L % 5 TH|
ERIENTVWDEILEERLTWD., VAT,
SAL IZ Rajiflifgic L cavikr7uoey A
(PD) OAMMBEN~NOHLY AK % B S & % %%, DNA
MRt EDT R M= ARFICAR SN LEL % 5]
ERIESEVWIEBLRLTVS, 9 ZThFETIT,
Raji ML I IZ L AT IC EE R ZEH EZHE L Tw b
ATP-binding cassette (ABC) #ikfKIZIE T %
MDR1 P-gp B & OF multidrug resistance associated
protein 1 (MRP1) #%H L Twa Z &ML T
WBHZ END, PUEEEICHT 2R &
Abhiz. —F, SAL LHilEEETHLT )T~
4 EDOPHIZEL Y, Rajifila~o7 KV 7~
A YO AAEPHEML, BKHEOT FV T~
A2 Y CHIRBE A FFE S 5 Z L 2 LT\, 67

AKX TIX, SALE T FYT7~A YLD
TR LN LBE DY, Raji B & OB B4 H I
SRR Ko62 Mg & o FH] & OMAEDLETH
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R LDENE, EraTAaA FRIZEL,
BRIR CTIEEMN Y 8 EOBEICEDILZE YT T
AFyBLOMNEAL VAT —VHEERTHIIED X
VIR F ) YREORFEIEDNLS A /T
hyERMHTAZE TERBOEHOENS &b
B CHRET L 72

KBRS L UERBRT &

1. HEM#H

SALE, BEo FFEICEI DR L 72, 9 Raji Ml
a3 & O K562 M, HAL K hne e -t 78 2
Hitlaglt sy —Lhfit5shzdb oz Hwr.
IS oMlilez, 10%IEEfL Y > 8GR IE %2 &
RPMI1640 £ # (HREEALH, BE50) 2 Hw,
37C, 5% CO, fEfE T TH#E L /2.
2. Total RNA Ot H KU cDNA DERK

Raji Al fid 3 & U8 K562 Ml g (1x10° 1) %
TRIzol (Invitrogen #L# Carlsbad, CA) 200 uL
|28 E 2, purelink RNAmini kit (Invitrogen f1#2)
% HvCtotal RNA ZHlit L7z, RNA I,
GeneQuantl00 (GE #:#, Uppsala, Sweden) #*
MWl L, 1ug % HwTVILO ¢cDNA &1
¥ v I+ (Invitrogen ¥:#) TcDNA Z &R L 7.
MRP1, MRP4, MRP5, MDRI # & ¥ GAPDH ®
B THEHIE, A L7z cDNA & v CEfa T4
RHy7 4 ~—, MRP1 (forward: 5 AGTGGAAC
CCCTCTCTGTTTAAG 3; reverse 5 CCTGATAC
GTCTTGGTCTTCATC 3), MRP4 (forward: 5
TGATGAGCCGTATGTTTTGC 3; reverse 5 CTT
CGGAACGGACTTGACAT 3), MRP5 (forward:
5 AGAGGTGACCTTTGAGAACGCA 3 reverse
5 CTCCAGATAACTCCACCAGACGG 3), MDRI1
(forward: 5 GCCTGGCAGCTGGAAGACAAATAC
3 reverse 5 ATGGGAACCCCTCTCTGTTTAAG
3), GAPDH (forward: 5 ACCACAGTCCATGCC
ATCAC 3; reverse 5 TCCACCACCCTGTTGCTG
TA3). =FIH L, 94CT30#, 55T T 30#,
72C T30 8% 354 7 VAT, HEIEEY (MRPI:
552 bp, MRP4: 245 bp, MRP5: 173 bp, MDRI: 253
bp B X U GAPDH: 500 bp) % 15% D7 A0 — A7
IVERIKENC & 1) 7.
3. NUNCTI—eaFTHRER

Raji B £ VK562 flifld # SAL B X OHulES 3T
WLEETR, 05% b 1) 28> 7OV — iAW (Nakarai #1#,

TUAR) L MR ARE A 2 0 8 TIRA L, BEMEEICC
AR & e 2 BRI L, AR A RE L7,
4. EEEEIC K 3 MiamETEn ]

Raji (5x10*ffl/well) 3 £ UV K562 filfig (2x 10
fi/well) % 96 well 7L — ML /2. 2D
v 79 AF > (Sigma#fl#, St. Louis, MO,
USA) OFKIEED0, 25, 200 B £ 17400 ng/mL,
HDHWEAY) T H >~ (Sigma #HHL) OFGEREEHYO,
5,10, 20 BXU50uM 1275 X 912z, 37C,
5% CO. fFAE T C, 24, 48 BX OV T2 ifiissaE L, 4
% Py T — i FHERRERIC L ) ke 7z,
5. SAL & U MEEEIC K 5 HiaEsEns

Raji (510l /well) 3 & U K562 #iifig (2x10*
i/ well) % 96 well 7L — MZERE L, SAL % #%&
0, 25 25BXU50ug/mLIZ7%5 L2z,
37C, 5% CO frfE FC24 B2 L2 20
%, BEBHICEHBC Y TIATFUBIOA) ) TA
Y ORIBEENZFNZEI25 ng/mL, 50uM 1275 K
IITHIR, FHEEABIGREEE L, BER MY N T
V— L EHERRRERIC L ) B R 72, SAL ©
BOALERRER (L, MHRZIZ 0 L CREBE D 20 WALBRIRE [ ©
5 24 BRI ALER % F\v2 72 (unpublished data).

6. IRErFRILIE

FERAE R L, PIME L EERETRL:, AR
ZRUENX, Student’s tFRZEIZ X VATV, fERRER 5%
DTaHEEEDY LHE L.

& R

1. Raji 5LV K562 MifaICH (T3S BEIMMES >
N BEEIEFORE

Raji B & 0V K562 Ml 1 RIS ~ /87 B &
LTHS N TS MDR]1 ® MRP1 %8 L T\ 5%
ZEHOENT WD, O ZOLHMMES v 37 HIC
L0, PEGEEOMBE L AR Y, SFEHIm
LEEH OB KT &R S, BEOKE 21
FEZoTwhb, Z2C, Raji BL K62 HIiEIC
(& MDRI1 P-gp ¥ MRP1 DAHZ & D X 5 % LAl
¥ Ny EBIET OB L T\ b D% RT-PCR
*HWTHNZ, ZOH%E, Raji B L U8 K62 iz
121X MRP1, MRP4, MPR5 2358 L TWw727",
MDRI (¥ Raji Mg O A THIL T7z (Fig 1).
2. RajiMiRBICH T 2EEZEOHE

Fig.1 XV, Raji flf2i21Z MDR1, MRP1, MRP4,
MRP5 AFHH L TWB 2 EAVRENT. ThbD%
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FIM S » X7 B2 5B L T\ % Raji Mg 2R3
HUEERE L T3 AF v HbNIEA) ) TH D
BgE M)y T — aEPERERER T FHVCORGET L
7o, TORE, Rajifilaz vy 79 AF L7
Bitr, AVHHERE & UBRIRE B KAT 0 AL o AR
AHEIZET L, 25 ng/mL, 48 BRRIALELIZ X V) 69%
FCTET LA (Fig 2A). 72, Rajififaz Ay
T 7 Y TR % & 24 FERLEE TR A2 2L
FFED SN o 72h%, 48 B B X O° 72 BRI Tl
QL F B AR A O LM 0 2R AR SR ST L, 5 uM,
48 FEFEIALELC X 1) 68% F CIKT L72 (Fig 2B).
3. Raji MlEICH(T 5 SAL EHBERE OFHRADER
SAL EHUlES 3 & ORI LD, HUESRI R
WS L 0 MET L7, Fig 2A BX V2B &
O, BEHTAE Y 75 AF OiEES X KM IZ

Fig. 1. Expression of ABC Transporter Genes in Raji and
K562 Cells

Total RNAs prepared from Raji and K562 cells were subjected
to RT-PCR using MRP1, MRP4, MRP5, MDR1 and GAPDH
specific primers, respectively. PCR products were analyzed on
1.5% agarose gels.
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Fig. 2. Cytotoxic Effect of Vinblastine or Irinotecan in Raji Cells

HFEREDI69% I T 3 4 25 ng/mL, 48 AL B
L, ATy TIEERENSWIEKTT 5
5uM, 48 WRRALER & L 72, Raji flifgic BT,
SAL (50 ug/mL) HAALERCIZEGFRIZIZTE AL
ZACIZRED BN Do 7275, Raji flilg % SAL T 24
EEMmiLE 2, Yo 79 AF ALEIZ L), SAL
DM RE IR L CAEFEMETL, €77
AT v B O EAF 1L 85% T d » 7278,
SAL (50 ug/mL) & OPfFALERECIE 55% F THA=
NP BIMT L7 (Fig. 3A). F7-, Rajifiifg
% SAL T 24 AT R, (V) ) 7 71 Y ALBERIC
£V, SAL OMEEREE KT L CTHEFEIMET L,
A 7T T v HALBRER O AL ERI1L 74% TH o 72
DX LT, SAL (50 ug/mL) & O ALK C
X 59% F THARPAEEIKT L2 (Fig 3B).
4. K562 iR 6T 2MEEZEOR

Rajififa L MK, EvTIRAF LAY )T
@ K562 MBI 288 x M)y TV —1f
FHEBR R % W OGT L 72, K562 Mllfle % ¥ v
TIAT VAT L L 24 B XU 48 R ALEECIE
HEARIZEALIERED SN h o 72hS, 72 el LEE
TP D EAFFEHY, 25 ng/mL TIE71%, 200
ng/mL Tl 63%F T L 72 2% AR I3 320
SN dol: (Fig 4A). 72, K562 #ifax 1 1)
ST VLS L & 50 uM, 72 WREALELC, A
FHROEALIED 50> 72 (Fig. 4B).
5. K562 #iliC (T 5 SAL EHESEOGHRARERE

SAL L ¥V 75 AF VY OBHICEY), BT
AT v HAILBL OB R L) #5325 05 & ME
L7, Fig 4A XY, fFHTAE YT IAF VD

B
100 -
90 -% } i,/
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T 60 ] N N
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Raji cells were treated with vinblastine (0, 25, 200 and 400 ng/mL; A) or irinotecan (0, 5, 10, 20 and 50 uM; B) at 37C for 24, 48 and
72 h. Cell viability was measured by trypan blue dye exclusion assay. Each value represents the mean +SE. for three independent

experiments. *, p<0.05 versus untreated control cells.
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Fig. 3. Cytotoxic Effect of Vinblastine or Irinotecan in SAL-pretreated Raji Cells

Raji cells were pretreated with SAL (5, 10, 20 and 50 ug/mL) at 37C for 24 h. Then SAL-pretreated cells were treated with vinblastine
(25 ng/mL; A) or irinotecan (5uM; B) at 37C for 48 h. Control (C), SAL, vinblastine or irinotecan-free medium. Cell viability was
measured by trypan blue dye exclusion assay. Each value represents the mean £ SE. for three independent experiments. *, p<<0.05 versus

vinblastine or irinotecan-treated cells.
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Fig. 4. Cytotoxic Effect of Vinblastine or Irinotecan in K562 Cells

K562 cells were treated with vinblastine (0, 25, 200 and 400 ng/mL; A) or irinotecan (0, 5, 10, 20 and 50 uM; B) at 37C for 24, 48 and
72 h. Cell viability was measured by trypan blue dye exclusion assay. Each value represents the mean £SE. for three independent

experiments. *, p<0.05 versus untreated control cells.

A B
100 1 'I‘ . 100 {1 _a e = MmO &= E
~ 801 = ~ 80 1
s & _I_ ‘P T S
E 60 1 2 60 1
Z =
3 40 - 5 40 1
20 20 1
0 0
SAL(ug/mL) C s 10 20 50 (o 50 SAL(ug/mL) C 5 10 20 50 C 50
Vinblastine (ng /mL) C 25 25 25 25 25 C Irinotecan (uM)  C 5 5 5 5 C

Fig. 5. Cytotoxic Effect of Vinblastine or Irinotecan in SAL-pretreated K562 Cells

SAL-pretreated K562 cells as described in the legend of Fig. 3 were treated with vinblastine (25 ng/mL; A) or irinotecan (5uM; B)
at 37C for 48 h. Control (C), SAL, vinblastine or irinotecan-free medium. Cell viability was measured by trypan blue dye exclusion assay.
Each value represents the mean = SE. for three independent experiments. *, p<<0.05 versus vinblastine or irinotecan-treated cells.
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JEB X ORI 25 ng/mL, 48 BERMLEEE L, A1)
J 7 E 5 uM, 48 BERJALERL & L 72, K562 A
2BV T, SAL (50 ug/mL) HipHALE I3 AEAE
T & A CEALIEERD SN h o 7278, K562 Ml
FlDGE, ¥y 75 AT v BARMLBLE o A 1F R IX
¥181%THHDIZxt L, SAL (50 ug/mL) HijLEL
TR TIBIETFT L2 DD, ZDFEERTIZSAL
DR FIEERGEE IR O SN2 h oo (Fig.
5A). F 7z, K562 fMiE% SAL T 24 Wy aiLEL s,
A0 ) Fh Y ELT - THEFROET LD
SNheh o7z (Fig 5B).

% =

V' 79 AF id MDRI P-gp THElt S 5 2 &
WHON TS, ¥ SEOEERIC LD, K562 iz
TIEZHIMESY v /782 EMDRl #2— FLTWwW5
BETOREPHEOON o722 05 (Fig.
1), Raji Mg 12 A CTHRES A D B A W
DTV EEZ SN, Lo L, Rajiflifgs
E LT, K562 Moo A fr 3 e K AE e B L O
HERGEENZD SN o2 &5 (Fig 2,
4), K562 {3 ClE, ¥ 79 AF ¥ ALK
YN BIKE L R W CHE S LS. B
LHWITE YT T AF L) FE SN LML
xF L C K562 Ml AS KU %2 A L T\ 2 W FelEA %
ZoNb. F72, SAL L PUEBEIEC X 2 BEHRNE
HEt L2k 8, SAL 1& Gb3 # 388l L T\ 5 Raji
MRt U CALB R B AR I IS AR R e b & 8
B, Gb3 #FEH L T 7w K562 M %t LTl
ZOREIMMERNZ EHDHS 2% 572 (Fig. 3, 5).
Raji Ml % SALMLEI§ 2 Z LIk > TH[ &R &
N5 PS OMIBLEIVE M ~ORIT, Mfakihs L O
PI OB~ DELY A A1 K562 Ml TlEke 2 5
TWZERHLNZILTEBY, Y INHoxEE
FHETLH7200121F, SAL DB Gh3 IZHERT H 2 &
PLETHDLEEZONS. SALMHEIZ L - TH &
AR ENLPIORD AREEIZEHL, DL
RBEPPERECTOF SR SN0 ELET
KA e HWTHELZEZA, TRYT
YAV ESAL EOBEHIZEY, TR AT
DB~ DY A=A SAL ALELZ X 1) B Hn
L, BERRIEDSHENT 2 & v FBREIELNLTY
HDT, D ARGHILTO Raji B X U K562 Ml TR0
SN EOEEL, MEICEBEL WD

Gb3 IZMKAFE L, SAL 28Gb3 IZ#5E3 5 Z L ICiHER
LTwaptlbhs, LiL, K62 Mg Tdigwn
BERRREPBD SN2 Eh s, Gb3 LAt R
THERZRIZL TR EEREZ NS, §
Xt X EBREITV, Gh3BH OB EIZ L 2Pl
OB ROZBIZOWTHRET L, & 512
WX 2 PUESEEOEH 2854 5 2 L 2SI gD
B EIRE T HUEN D 5.

w®ilT, YA/ AL DESLN/ZRBLTH 5
chinook salmon roe lectin (CSRL) 3 FLEERIIIRET
& % MCF7 R i fatk T % Hep G2 1Zxf L T
MfgHEE RS Z et sz, 9 S~ AP &
D#FSN7z SAL I, HMUALEE T Raji Mg l2x L
THIRSE X FEL 2. LAL, Mwmcdl7
£ 912, SALHIZ X ) il ZEEYE TH
% PI7%, ML Z FHE SN TV WHIRZIZHLDY A
INL. PIAED L) IS L DMBNIZEA
ENTVLONFELEHITE VD, ZTOBER
FRHELTT R <AL YO AsEZHENT
ELRERPELSN TS, D4R, FEERIZHT L
YT IAFyBITAY T VIE, T RY
RAVVERZ)GSTHIFICHRENE b 22w
720, TOEYORLY AADHS, SAL LI L D 1
MU ErEFANLZ L3 TER W, LaL,
SAL B CIIMt 28 L w2 &2 6, B
RO AN = AL E LTI SAL A Gb3 FEH L Tw
% Raji i IcRE A5 2 &2 X 0 Ml o 7% 81k
DITHE L, PUESSE ORI AR E DI L 7245 R,
PUESRN R R CEN - D EEZBNE. T2,
SAL i MDRI P-gp %&b L T PS Ol fa iyt
MANORATZGZRI T ZEPHLRIIR > TH
D, ©MDR]I Pgp #fr L CHEEE NS 7 K1Y 7=
A%, SAL EIZ X W N E A =258 0 L
R OMEPBIGTLb0EEZ 5N Ll
A& L C SAL WLEE Raji M3 5 A O Rh R
MR L /22 & s, SALALEIC X D HEE S D
w2 B % EEFOMPBANNOHLY JAH =3 E L
2boLFEZHNAE. ¥ 75 AF »id MDRI P-
gp AL CHREE S G720, 8 7R 7=y v b
FRIZ SAL ALHZ X 0 T~ DY A 5 A3
L, TEHDHSEMICHM L 72 b O EHEH S 5 73,
Y 7T AF » OV R M A ] % 50 24 ] T
FIESEH ZEICL D HEGI R FEET L2 L8
MeENBY, 9 SAL I Raji MUK ZxF L Tl &
PEILESELHENH A LD S (unpublished
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data), AR RAE M LW REMED ZE 2L 51
L. A1) T H %, ABC #ikfRIZE 3 5 ABCG2
WL DRSNS s, W T R 7Y 0R
Y 7T AT v 3% B CHREM IR A
BL7-EEZ LN,

IN—=Fy b)) URJEIZIERTF ) YoREO
THLEMEEOBVERE CTH L. JERE LTIEH,
BT, BOMNITHEZ EDY) 735 D WEBATIC
FAEEDLRVW LI )N TE L. T2, HRITY
JURAT7 IR, TRUTRAL Y, vz
AF v, FL F=va o 4T CHOP #iEA YT
BNTWEA, HRICEEREOER 2535
VERHY, ToOHELELT, fIzITEr 7T A
F > ORIEM Td 5 AIMEREA R Kt sk, A
)T h y ORWER T %5 HitERE RN, SEO
T D DT EEN 97 EOFEBUHEN R £ 5
ZEDHLNTWS, S, SALIZX A O
BRROBEZI S I THZEI1I2KD, Gh3 %
B L T A MIcR LT, EH oz~
DiAZEAE T PO—) LT XML, SAL 2SHEN
NHEFN A BANAIEATE LY — )& L CEBEN
DICH LRI A EEZOND.
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