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ABSTRACT 

Mouse cytotoxic T lymphocytes (CTLs), induced in vivo and in vitro in 

mixed-lymphocyte cultures, were fractionated into agglutinated and unaggluti- 

nated cells by use of various lectins. Cytolytic activity was enriched in the cell frac- 

tion agglutinated by various 2-acetamido-2-deoxy-cw-D-galactopyranose-specific 

lectins, namely, Dofichos bijlorus agglutinin (DBA), Helix pomatia agglutinin 

(HPA), and Phaseofus fimensis agglutinin (LBA). Only a little cytolytic activity re- 

mained in the unagglutinated cell fraction. Furthermore, the relationship between 

the binding of lectins and the cytolytic activity in various CTL cell lines was investi- 

gated with a fluorescence-activated cell sorter, and high-rank correlation was found 

between the cytolytic activity of these CTL cell-lines and the binding of DBA or 

HPA to them, but weaker rank correlation in the cases of LBA and peanut aggluti- 

nin (PNA). DBA was found to bind to almost all cells of interleukin-2-dependent 

CTL cell-lines tested. Although the DBA-positive CTL cell-lines have strong 

cytolytic activity, the DBA-negative cells, which consist of a small proportion of 

the CTLs, also exhibited cytolytic activity. Thus, the major part of CTLs has bind- 

ing sites for a-D-GalNAc-specific lectins, particularly for DBA, and this lectin is 

useful for the enrichment of CTLs. However, the binding sites for DBA cannot be 

regarded as an exclusive differential marker for CTLs. 

INTRODUCTION 

The application of lectins for the separation of biologically distinct cell-sub- 

populations has been widely investigated by many workers. Peanut agglutinin 

(PNA), for example, has been used for the characterization of immature thymo- 
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cytes’ , and for the concentration of concanavalin A (Con A)-induced mouse sup- 

pressor T cells’~‘. Surface markers specifc for cytotox~c ‘I’ lymphocytes (CTLs) 

have also been investigated with lectins by Kimura it al.‘.‘. They found that CTicicr 

~dlosa lectin (VVL) exhibited selective reactivity for the ‘I‘115 glycoprotein that ik 

expressed specifically on the cell surface of CTL?. Furthermore. they separated 

CTLs in mixed-lymphocyte culture (MLC) blast\ with a VVL-Sepharoae 4B col- 

umn5. However, other workers have recently reported that the receptor for VVI- 

cannot be regarded as an exclusive marker for CTLs”- ‘. 

We have also attempted the separation of CTLs with various lectins. In this 

paper. we found that CTLs could he enrlchcd in the cell fraction agglutinated with 

?-acetamido-‘-desxy-cu-u-galactopyranose-specific lectins. Furthermore. we de- 

monstrated the correlation between lectin binding and cytolvtlc activity of various 

CTL, cell-lines. 

EXPERIMENTAL 

Mice. - Eight to 12-week-old female C57BLi6. DBAI3. and BALBiC mice 

were purchased from Charles River Japan, Inc. (Kanagawa. Japan). and the 

Shizuoka Agricultural Cooperative Association for Labarator) Animal5 

(Hamamatsu. Japan). 
Reagents. - Dolichos biflorus agglutinin (DBA). Phaseolus 1imen.si.r aggluti- 

nin (LBA), Hefi.lcpomutia agglutinin (HPA), and their fluorescence isothiocyanate 

(FITC) derivatives or biotinyl derivatives, Bandeiraea simplicifolirz agglutinin I 

(BSA-I), biotinyl Arachis hypogaca agglutinin (PNA). biotinyl Lirnul~r.~ 

pofyphenus agglutinin (LPA), and FITC-avidin were purchased from E. Y. Labo- 

ratory (San Mateo, CA 94300) or Vector Laboratories Inc. (Burlingame, CA 

94010). Soybean agglutinin (SBA), Wistaricz florihmdu agglutinin (WFA), 

Burrhinia purpureu agglutinin (BPA), and concanavalin A (Con A) were prepared 

by the methods of Gordon et ~1.“. Toyoshima and Osawa’“. Osawa et 121. ll. and 

Agrawal and Goldstein”, respectively. BPA. BSA-1. WFA, and SBA were conju- 

gated with biotin by the method of Anderson er lzl.“. Anti-ThyI. antiserum was 

purchased from Cedarlane Laboratories (Ontario. Canada). FITC-labeled. rabbit- 

antimouse p chain antiserum was kindly provided by Dr. Sakai-Natsuume, Cancer 

Research Institute. Kanazawa University, Kanazawa. Japan. Anti-human, blood- 

group A antiserum was kindly provided by Tokyo Standard Serum Co.. Ltd.. 

‘Tokyo, Japan. 

Carl A ucti\wtion of splcert ccdls. -- Spleen cells from C57BLih mice were 

treated with Gey’s solution to lyse red blood cells. The cells were suspended at 5 

X lO”/mL in RPM1 1640 supplemented with 5? heat-inactivated. fetal calf serum 

(FCS). ?irnM N-3-hydroxypiperazine-N’-3-cthanesulfnnic acid (HEPES) (pH 7.2). 

3mM glutamlne, mM pyruvate, !iO~M 2-mercaptoethanol (?-ME). h( t mgiI> kanamy- 

tin [complete medium ( +2-ME)], and 2.5 mg/mL of Con A. Culture\ were incu- 

bated for 3 days at 37” in a humidified. 5% CO2 atmosphere. After culturing. col- 
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lected cells were washed with 0.1~ methyl n-D-mannopyranoside in RPMI 1640. 
Induction of CTLs. - (a) In vivo nctivation. C57BW6 (H-2b) mice were im- 

munized by i.p. injection of P815 cells (H-2d; 2 x 10’). Spleen cells were obtained 
after 10-11 days and treated with Gey’s solution. 

(b) Primary mixed-lymphocyte culture (Z”MLC}. C57BLJG spleen cells (re- 
sponder cells) and DBA12 spleen cells (H-Zd; stimulator cells) were treated with 
Gey’s solution. The cells to be used as stimulator cells in MLC were treated with 
mitomycin C (50 &mL, MMC) for 1 h at 37”. Viable responder ceils (1 x 10”) 
were mixed with MMC-treated stimulator cells in the ratio of 2: 1 in MLC medium 
(20 mL). The MLC medium consisted of RPM1 1640, 10% heat-inactivated FCS, 
25mM HEPES (pH 7.2), hM glutamine, mM pyruvate, 50~~ 2-ME, nonessential 
amino acids (Gibco Laboratories Grand Island Biological Co., Grand Island, NY 
14072), and kanamycin (60 mg/mL). The cells were incubated for 5 days at 37” in 
a 5% carbon dioxide atmosphere. 

(c) Secondary mixed-lymphocyte culture (2”MLC). (i) Primary MLC was con- 
ducted by mixing responder cells (4 X 10’) with an equal number of MMC-treated 
stimulator cells in MLC medium (20 mL). After a Ibday culture, the cells were 
harvested. Viable cells (4 X 10’) from 1”MLC were mixed again with MMC-treated 
stimulator cells (8 X 10’) from the same mouse strain as used for 1”MLC in MLC 
medium (20 mL), and recultured for 5 days. (ii) The secondary in vitro sensitization 
of in viva immunized cells was carried out by the following method. Spleen T cells 
from C57BLi6 mice immunized 2 months earlier with P815 were purified by pass- 
age through a Nylon-wool column, The cells were restimulated with MMC-treated 
DBA12 spleen cells as described earlier. These activated cells are referred to as T- 
2”MLC. 

(d) Collection of viable cells. CTL-containing populations prepared as de- 
scribed earlier were purified, by the method of Kawaguchi et al. 14, by density-gra- 
dient centrifugation over a mixture containing 5% of Ficoll 400 (Pharmacia Fine 
Chemicals, UppsaIa, Sweden) and 15% of Urografin (Schering, Berlin, West Ger- 
many) in RPM1 1640. The purified, viable lymphocytes were used for the cytolytic 
assays. 

Preparation of IL-2. - BALB/C spleen cells were treated with Gey’s solu- 
tion. Viable cells were counted and adjusted to 1 x lO’/mL in FCS-free medium 
with 2 kg/rnL Con A. FCS-free medium was the same as MLC medium, except that 
FCS was not added. After incubation for 24 h at 37” in a 5% carbon dioxide atmos- 
phere, the culture was centrifuged at 2000 r.p.m. for 10 min, and then at 2O~Og for 
I5 min. The supernatant was filtered through 0.45pm Millipore filters and stored 
at -20” until use. This supernatant (Con A Sup) was used as crude interieukin-2 
(IL-2). 

IL-2-dependent CTL lines (LC cells). - C57BL/6 anti-DBA/2 MLC was per- 
formed by mixing responder cells (I X iO”/mL) with MMC-treated stimulator cells 

in the ratio of 2: 1 for 1”MLC and of 1:2 for 2”- or 3”-MLC. The cells for successive 
cultures in IL-2-supplemented medium were harvested from 2”MLC and 3”MLC. 
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The last MLC was performed for 2 days and the preceding I”- or lo-MLC was per- 

formed for l&12 days. The cells from the last MLC were rcyuspended in MLC 

medium supplemented with -0 7 ‘;; of Con A Sup at densltles <,f 4 10 X 10’ viable 

ce]]s/mL with or without I x lO“imL MMC-treated stimulator cells. and placed in 

~4-we11, multi-wrell, culture plates. The cells were harvested from the cultures at 

days 5 to 7 and rcculturcd in fresh culture medium. After several passages. the cells 

were diluted to 3 x 10’ viable cells,‘mL in fresh culture medium with or without 

stimulator cells. and succcGvely cultured. 

Fractionufio~~ o>j. I~.‘mplzcq~rs ,c?th lectim. - Cells were separated by the 

agglutination-sedimentation method with Iectins”. Briefly, cells (I x lo”) in 

RPMI 1630 (0.5 mL) were incubated with a lectin (500 pup) for IO min at room tem- 

perature. and then layered over 5OY of heat-inactivated FCS. In the case of LC 

cells, cells (I .S x 10’) in RPM1 1640 (0.5 mL) were incubated with 50 pg of a lec- 

tin. After 30-60 min at room temperature. the cells were divided into 3 fractions. 

namely. top. middle, and bottom fractions. The fractionated cells were washed 

with a solution of a suitable haptcnic sugar for the lectin. 50mal X-Acrtyl-D-galac- 

tosamine was used for DRA, LBA. HPA, and SBA; 0. Ihl [I-galactoae for BSA-I; 

and 0.3M lactose for WFA, SBA, and PNA. 

Deterrnimtim of t/w proportic~m oj T and R cc~1l.s. arld rnacrophagrs it! cdl 

prepmztiom. - ‘l‘hy 1.7-positive cells were determined by a modification of the 

microcytotoxic test described bv Amos PI ~1. I”. Surface IgM-positive cells were de- 

tected by the fluorescence-staining assay with FTTC-anti-@ serum. Nonspecific, ex- 

terase-positive cells were detected by the method of L.i cf 01. ‘?. 

Tretrtmcw of lrc,trrr-jrtrctio1lmt~d wlls with rrntrstw. -- Lectin-fractionated 

cells (I K lO’/mL) were incubated with anti-Thyl.2 (final dilution, I :5) or anti- 

human, blood-group A antiserum (final dilution. 1:s) on ice for 60 min. These cells 

were then treated with selected rabbit serum (as complement. final dilution. I : 15) 

for 30 min at 37”. 

C~tol~tic cmtr~~. - P81S (H-2”) or EL,1 (H-2”) cells (5-10 x IOh) as target 

cells in RPM1 1630 (I mL) supplemented with 5i8 of heat-inactlvated FC’S. 75rnhr 

HEPES (pH 7.3). -ImM glutamine. InM pyruvate. and 60 mgiL hanamycin [com- 

plete medium (Z-ME)] were incubated with NaI’CrOJ (IO0 PuC‘i) (New England 

Nuclear, Boston. MA 021 18) ft>r I h at 37” with occasional gentle shaking The 

“Cr-labeled target cells thus prepared were thoroughly Mayhrd and suspended at 

a concentration of 2 x IO’imL in complete medium (Z-ME). The “Cr-labeled 

target-cell suspension ( 100 FL) and the cffector-cell suspension ( 100 ~1~). adjusted 

tu an appropriate cell-density. were mixed in wells of round-bottom microtiter 

plates, centrifuged at 1000 r.p.m. for I mtn. and then incubated for 3 h at .47” in an 

atmosphere of 5% ot carbon dioxide. After incubation, the plates wcrc centrifuged 

at I()()() r.p.m. for I5 min. The supernatant ( IO0 PL.) in each well wah collected and 

the radioactivity counted in )I gamma counter. All assay results represent means of 

triplicate experiments. 

The percent of specific -i’Cr rcleasr was calculated as follows: specific “Cr re- 

lease (4;) = [experimental release (c.p.m.) - \pontanec~us rclcase 
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(c.p.m.)] . [maximum release (c.p.m.) - spontaneous release (c.p.m.)]-’ * 100. 

One lytic unit (LU) was defined as the number of lymphocytes required to lyse 

50% of 2 x 1O’target cells within a 4-h, 5’ Cr-release assay, unless otherwise stated. 

Analysis, with a fluorescence-activated cell sorter, of cells labeled with fluores- 
cent lectins. - Viable cells (6 x lOh) were incubated for 30 min on ice with an 

FITC-lectin or a biotinyl lectin at the following concentrations: biotinyl DBA, 5 

pg/mL; FITC-HPA, 30 PglmL; FITC-LBA, 100 PgimL; biotinyl PNA, 10 pg/mL; 

biotinyl BPA, 25 pg/mL; biotinyl BSA-I, 3 pg/mL; biotinyl SBA, 5 PglmL; and 

biotinyl WGA, 5 pg/mL. The cells were washed with 0.1~ sodium phosphate buf- 

fer-O.15M sodium chloride (PBS) containing sodium azide. The cells treated with 

a biotinyl lectin were then incubated with PBS containing sodium azide.‘ The 

labeled cells were analyzed with a FACS II (Becton-Dickinson Electronics Labo- 

ratory, Mountain View, CA 94040). Viable cells were separated on the basis of 

their light-scattering characteristics. The results are exressed as fluorescence his- 

tograms (cell number vs. logarithmic fluorescence-intensity). 

RESULTS 

Cytolytic activity of in vivo-activated spleen cells fractionated with lectin. - 
Spleen lymphocytes were obtained from C57BL/6 mice immunized 10-l 1 days ear- 

lier with P815 and fractionated by the agglutination-sedimentation method with 

various lectins. The cells were divided into the bottom fraction (agglutinated cells), 

the middle fraction, and the top fraction (unagglutinated cells). The middle frac- 

tion contained smaller aggregates than the bottom fraction. The agglutinated cells 

were dissociated into single cells by washing with haptenic, sugar-containing 

medium and the cytolytic activity of the separated cells against P815 was tested. 

The results are shown in Fig. 1, On the basis of lytic unit/lo’ cells, the bottom frac- 

tion obtained by use of LBA, DBA, or HPA had a 2-3-fold higher cytolytic activity 

than the top fraction. In the case of fractionation with BSA-I, SBA, or WFA, no 

significant difference in lytic activity was found among the three fractions. 

Cytolytic activity of MLC cells fractionated with lectins. - LBA. DBA, and 

HPA were used to fractionate 1”MLC cells. As shown in Fig. 2, the cytolytic activ- 

ity was enriched in the bottom fraction. The bottom fraction generally had a 6-7- 

fold higher cytolytic activity against 5’Cr-labeled stimulator cells than the top frac- 

tion. Furthermore, when T-2”MLC cells were separated with DBA, the bottom 

fraction showed a 1Zfold higher cytolytic activity than the top fraction (data not 

shown). 

Characterization of MLC cells fractionated with lectins. -When 1”MLC cells 

or the cells in the LBA-bottom fraction were treated with anti-Thyl.2 antiserum 

and complement, the cytolytic activity of the treated cells was found to be com- 

pletely abolished. These results indicate that the cytolytic cells in these cell prepa- 

rations are apparently T cells. However, treatment with anti-blood-group A anti- 

serum and complement did not affect the cytolytic activity. Subsequently, the cell- 

surface markers of the cell fractions were analyzed, after separation of 1”MLC cells 
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Fig. I. Cytolytxz actlwty of lectin-fractiunateil tymphoc~tes primed wth PXI 5 Lr L*~IV. The lqmphocytca 
were fractlunated into the top (T). mlddlc (M). and bottom (B) fractions hy the ag~lUtlnatlon--Sedlmen- 
tation method with varwus lectlnh as descr~hed m the Experimental sectmn. One umt (I-WIT) I!. &fined 
as the number of lymphocptc\ rcqulrcd to ivsc lSr,, of 2 x lOi PXIS XII:, ;I> t.$r@i OL!II\ wlthm Al 4 h. 

“‘C’r-release assal 

with LBA, DBA, or HPA (‘Table I). f-rowever. no significanl difference was oh- 

served in the proportions of Thy 1 .l-positive cells (T ceils) and surface IgM-positive 

cek (B cells) among these cell fractions, indicating that the three kctins cannot 

separate the cells into T and B cells. The aforementioned results demonstrate that 

CTLs can be enriched in the cell fractions agglutinated by LEA. DBA. and HPA. 

C7umzcferizatictrz of LC’ cd&. --- IL_-2-dependent C:‘I’L. cell-lines having strong 

cytolytic activity, LC3, 1 .CS, I..(:(,, and I,C5( 4). were established LX’1 and LC7 

WCT(: long-term culture, blast-cell lines nriginatmg from 3”ML_C between C57RLi6 

(responder) and DBA/:! (stimulator). and LCS originated from 3”ML.C in the same 

system. LC3 and LCS cells were successively cultured in IL-3 su~~plern~nt~d 

medium in the continu~~u~ presence of M~~C-~rcat~d st~rn~lia~~~r celli;. LC7 cells 

were cultured in the absence of stimulator cells. In thz case of a portion of the KC5 

cells, stimulator cells were removed 7 weeks after the start of the culture, and 

thereafter maintained only in the presence of IL-2. This cell line was designatrd as 
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Fig. 2. Cytolytic activity of lectin-fractionated lymphocytes activated by primary MLC. One unit 
(LU& is defined as the number of lymphocytes required to lyse 40% of 2 X IO4 P815 cells as target cells 

in a 4-h. 5’Cr-release assay. 

TABLE I 

CELL MARKERS OF THE LECTIN-FRACI-IONATEDCELLS” 

CdlS Unfracfronated 

cells 

LOdl 

LBA DBA HPA 

TOP Rotront TOP B0tt0m TOP Bottom 

s-IgM+ 46 45 38 43 36 45 39 

Thy-l 48 52 45 45 51 32 SO 

Esterase+ 4.5 1.6 3.8 2.0 4.0 1.3 3.7 

“The values in this table are percentages of the respective cells of total populations and the means of 
three independent experiments. 

TABLE II 

CYTOLYTIC ACTIVITIES OF CTL POPULATIONS 

Cells cylolyfic actwty 
(LUlloh cells) 

Con A-activated spleen lymphocytes 0.036 

Spleen lymphocytes primed in vwo 0 21 

I”MLC cells I.8 

2”MLC cells 4.8 
LCS(-f) cells 6.0 

LC7 cells 6.9 

LC4 cells 25 
LCS 192 
LC5Ts 152 

LC5B’ 227 
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LCS(-f). These four cell-lines were found to express Thyl.2 antigen. lo adhere to 

a plastic surface, and not to respond to Con A. LC-1 and LC5 cells retained strong 

cytolytic-activity against PXl5 for more than Y months. but Lc’7 and LCZ(-f) cells 

retained weaker cytolvtic-activity against PXlS (Table TI) Furthermc>rt:. it was 

found that all cell lines exerted very weak cytolytic-activity against yyngenclc EL3 

cells. Thymocyte-costimulating and killer-helper activity of these cell Iinc could 

not be detected by the method of Narimatsu and Saito” (data not yho\\ n ). 

Relationship hrtwwn kctin hirdirzg md cytolytlc clctiljrt!. - ‘l‘hc relationship 

between cytolytic activity of various CTL cell-lines and the hindlng of various lec- 

tins to these cell lines was examined. The cytolytic activities of these cell lines arc 

2”MLC 

FI TC-avldln 
only 

Normal 
spleen cells 

Normal T 

LC5 

Fluorescence interslty (log) 

Fig 3. Fluorescence profiles of normJ cells and CTL cell-lmcs labeled wth twtinyl DBA and FIK- 
awdm The valuca shown as percentages represent the rat10 of (area havmg a hqzher Huurewence inten- 

slty than B In a peak) x lOW(area having a higher fluorescence Intensity than A In a peak) 
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shown in Table II. On the other hand, the binding of lectins was analyzed by a 

fluorescence. activated-cell sortor (FACS II). Fig. 3 shows the results of staining of 

the cell lines with biotimyl DBA and FITC-avidin. Normal spleen cells and normal 

T cells showed no significant fluorescence. However, 2”MLC cells and CTL cell- 

lines showed brighter fluorescence. The proportion of bright cells and the fluores- 

cence intensities at the peaks in the fluorescence profiles increased almost parallel 

to the cytolytic activity. 

Fig. 4 shows the fluorescence profiles of CTL populations that had been 

stained with FITC-HPA. Although more cells were stained with HPA than with 

DBA, the tendency of the relationship between cytolytic activity and intensity of 

the staining was similar to that in the staining with DBA. 

k Unlabeled 

II Normal 
spleen cells 

I% Normal T 

1’ MLC 

Z’MLC 

Fluorescence Intens ty (I og) 

Fig. 4. Fluorescence profiles of normal cells and CTL populations labeled with FITC-HPA. The same 
expressions were used as in Fig. 3. 
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987654321 987654321 
Rank of lectln bIndIng 

Fig 5 Correlatmn between cytolytic actmty and lcctin blnding In CTL, populations The bindlng of 

four kinds of lectins to v;1nous CTL cell-hnes was analyzed with a FACS II: (A) DBA. (B) HPA. (C) 
LBA. and (D) PNA. The rank of lcctln binding was determined on the basks of fluorescence profilch; 

* and ** indicate that the Spearman rank-correlatlon coefficlrnt (rs) of the value\ 1s aignrticant at a 10~1 

of5and I?, re5pectlvely. CTL populattonb: (a) normal T cells; (h) Con A-actl\dted @xn lymphtr- 

cytcs; (c) spleen lymphocytes prlmed with P815 rn ~11’0: (d) 1”MLC cells. (c) 2”hlI.C ~11s: (f) I C5(-t) 

cells; (g) LC7 cells. (h) LC3cells: and (I) L.C? cells. 

The fluorescence intensities of the four types of CTL cell-lines stained with 

these fluorescent lectins (DBA and HPA) were very high, and a difference in 

fluorescence intensity among CTL cell-lines was observed. but it was not as marked 

as the difference in cytolytic activity. On the other hand. when cells were stained 

with biotinyl PNA adn FTTC-avidin. Con A-activated spleen cells and LC7 cells 

were found to contain more highly fluorescent cells in spite of their weak cytolytic 

activity (data not shown). 

The relevance of lectin binding to cytolytic activity of CTL cell-lines was in- 

vestigated by calculating the Spearman rank-correlation coefficients. Fig. 5 shows 

the relevance for DBA. HPA, LBA. and PNA. For DBA and HPA. strong rank- 

correlations between lectin binding and cytolytic activity were observed, but 

weaker ones for LBA and PNA. 

Cpolytic actitaity of I,C cells fractionated with DBA. -- LC5 cells. which had 

the strongest cytolytic activity. were fractionated by the agglutination-sedimenta- 

tion method with DBA. The major part ~90%) of the cells was recovered in the 

agglutinated fraction, and a much smaller part (3%) was found to be not aggluti- 

nated. However, the difference in cytolytic activity was not so marked between 
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these two ceil populations. Both cell populations obtained by DBA-fractionation 
of LC5 cells were recultured in fresh medium, and the selection. namely, DBA- 
fractionation and reculturing, was repeated several times for both cell populations 
to further purify the DBA-agglutinated and DBA-unagglutinated cells. The cytoly- 
tic activity of unagglutinated cells (CL5T8 cells; the selection was repeated 8 times) 
and agglutinated cells (LCSB’ cells; the selection was repeated 5 times) thus ob- 
tained was not very different from that of the original LCS cells (Table II). These 
results show that a minor group of CTLs has no binding sites for DBA. This is con- 
sistent with the observation that the ceils having weak cytolytic-activity remained 
in the top fraction, that is, were unagglutinated cells as shown in Figs. 2 and 3. 

TABLE III 

RELATIVE LABELING INTENSITIES OP VARIOUS CELLS WITH LECI-INS” 
_.....” _I 

Cells te&l 

DBA WFA SBA BPA BSA-1 

Pe~~heral-brood T + + 
Con A-activated T It: + + ++ + 
LC5 ff ++- ++ ++ + 

“The relative labeling intensity was estimated with a fluorescence-activated cell sorter after labeling with 
the respective fluore~ence-labeled lectin. 

Binding of other le&ns to CTL-line LC.5. - LCS cells were stained with 
other fluorescent-labeled cu-D-GalNAc-binding lectins, followed by analysis with a 
FACS II (Table III). BSA-I, WFA, SBA, and BPA, which are not Lu-D-GalNAc- 
specific lectins, bound to LC.5 cells. They also bound to Con A-activated cells, 
whereas DBA hardly bound to Con A-activated cells. These data agree with the 
observation that BSA-I, WFA, and SBA are not effective lectins, but DBA is an 
effective Iectin for the separation of CTLs, as shown in Fig. 1. 

DISCUSSION 

In this study, it was demonstrated that CTLs could be enriched, in the 
agglutinated-cell fraction, by the agglutination-sedimentation method with the lec- 
tins that have binding specificity for a terminal cu+GalNAc group in the sugar 
chain on the ceil surface. This is in agreement with the finding of Kimura et aL5 that 
CTLs could be separated by adherence to an affinity adsorbent prepared by coupl- 
ing VVL, which was found to be one of the a-o-GalNAc-binding Iectins’9. 
Moreover, we also confirmed the positive correlation between the stainability with 
these kctins and the cytolytic activity of the cells in various CTL cell-lines. This in- 
dicates that most CTLs have abundant terminal cu-D-GalNAc groups in the sugar 
chains on the cell surface. However, this correlation is not absolute, because a 
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minor proportion of the strong CTL cells was not stained with these lectins. There- 

fore. our data suggest that the binding sites for a-D-GalNAc-specific lcctins cannot 

be regarded as an exclusive differential marker for CTLs. This assumption is con- 

sistent with the results of other investigato&“, which indicate that VVL does not 

bind selectively to CTLs and all CTLs do not necessarily express the binding site 

for VVL (membrane glycoprotein T145). although we have not yet Identified the 

binding sites for a-D-GaiNAc-binding lectins used m this stud! as membrane 

glycoprotein T145. However. since the major part of CTL,s can be agglutinated by 

these lectlns. their use may have practical value for the enrichment of (‘TLs. 

Among the cu-D-GalNAc-specific lectins employed in this stud!. the highest 

rank-correlation between the cytolytic activity ot CTLs and the iectin binding to 

them was observed in the case of DBA. DBA is known lo be the moct specific Irc- 

tin toward cu-v-GalNAc residues, and its most potent inhibitor is a blood-group A 

active pentasaccharide-“‘, n-I>-GalpNAc-( l-+3)-[o-I.-Fw~~-( I---?)]+-D-Galp- 

(I&3)-P-D-GalpNAc-( 1-6)-R. The other lectins used, HPA and LBA, appear to 

be lesy specific toward cu-I>-GalNAc groupc” Z-7 and may al~ react. to ;L more lim- 

ited extent, with terminal cu-~-Gal groups. It may. therefore. be rca~onable to as- 

sume that this wider sugar-binding specificity of the last-named t\vo lectins is re- 

flected in their lower selectivity for CTLs. SBA is also a specitic lectln toward n-D- 

GalNAc residue? “, but an a-I,-fucosyl group in the blood-group A active pen- 

tasaccharide is known to greatly diminish the inhibitory actikit! of the oligosac- 

charide toward SBA. Since SBA is ineffective in the separation of CTI,c (Fig. I ). 

most CTLs may express a blood-group A, antigen-like structure including an I.- 

fucosyl group. and DBA can bind most specifically to this sugar structure. In this 

context, it is also of interest to note that the blood-group A active pentasaccharide 

is much less active as an inhibitor toward VVL than is”’ cu-D-GalpNAc-( i-3)-~- 

Gal. Although VVL> was not tested in this study owing to its unavallahility. it may 

be less selective for CTLs than DBA. Membrane receptors of CTLs for DBA may 

not exactly be a blood-group A antigen itself. because immune. antl-human blood- 

group A serum used In this study could not react with C’I‘Ls. Another possibility 

may be that the anti-A antiserum recognizes the larger portion of the blood-group 

A antigen. Thus. the characterization of membrane receptors of CTLs for DBA, 

even if they are not exclusive. differential cell-surface markers for C’i‘i.s. is of in- 

terest. 
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