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MECHANISMS OF LYMPHOCYTE-MEDIATED  CYTOTOXICITY 

I. The Effects of  Anti-Human  Lymphotoxin  Antisera  on  the  Cytolysis  of  Allogeneic B ,Cell 
Lines by MLC-Sensitized  Human  Lymphocytes In vitro’ 

CARL F. WARE’ AND GALE A. GRANGER 

From  the  Department of Molecular Biology and Biochemistry,  University of California /wine, /wine, CA 9277 7 

Goat  and  rabbit  anti-human  lymphotoxin  sera,  IgG  and 
F(ab’)z  reagents  were  investigated for  their  capacity to 
effect a  specific  alloimmune  lymphocyte-mediated  cyto- 
toxic  reaction. The cytotoxic  reaction  employed  human 
peripheral  blood or  adenoid  lymphocytes  sensitized  in 
MLC to allogeneic B lymphocyte cell lines  and  lysis  was 
measured  in  a  short-term  51Cr-release  assay. A polyspe- 
cific  anti-LT  sera  (anti-WS),  made  against  unfractionated 
whole  supernatants  from  lectin-activated  lymphocytes 
and its IgG  and  F(ab‘)?  fragments,  was  found  to  be  a 
potent  inhibitor  of  this  reaction  when  the  anti-WS  reagent 
was present  throughout  the  assay  period.  Absorption 
studies  indicated  the  anti-WS  was  inhibiting  cytolysis at 
the  level  of effector cell or its products.  Two  broadly 
defined  antibody  specificities  were  involved  in the cyto- 
lytic-inhibitory  activity  of the polyspecific  anti-LT: i) anti- 
gens  present  on the normal  lymphocyte cell surface;  and 
ii) lymphocyte  surface  antigens  associated  with  activated 
cells.  These  results  correlate  with  the  previously  defined 
antigenic  structure  of the LT Cx and aH classes.  Anti-LT 
sera reactive  with the smaller  m.w. a and /I classes  and 
subclasses were  not  inhibitory,  although the anti$ sera 
showed  a  moderate  enhancing  activity.  The  results  indi- 
cated that several  anti-LT  antibody  specificities  may  be 
required  to  inhibit  alloimmune  cytolysis. The results  sug- 
gest LT molecules  may mediate lymphocyte-induced  al- 
loimmune  cytolysis  as  a  multi-component  toxin  system, 
rather  than  as an  individual  toxin. 

Thymus derived (T) lymphocytes undergo antigen-induced 
clonal selection, proliferation, and differentiation in response to 
foreign  histocompatibility antigens. A major biologic function of the 
differentiated T cell  is  to recognize  and cause the specific destruc- 
tion of cells possessing foreign histocompatibility antigens (1,  2). 
The cellular events involved in the  lysis of allogeneic target cells 
by immune cells appear to represent a multi-staged process, which 
has been experimentally divided into 3 progressive phases: 1) 
specific  recognition  and  contact of the target cell  by  the effector 
lymphocyte; 2) a lymphocyte-activation step involving divalent cat- 
ions, termed “programming for lysis;” and 3) lysis of the target 
cell (3-5). 

Although a considerable amount of work has been done  defining 
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the cellular parameters of the cytotoxic T cell-target cell interaction, 
relatively little is known about the actual molecular mechanism(s) 
of the programming and  lytic events. Two general theories have 
been put  forth to explain the effector mechanism involved in 
cytolysis of allogeneic target cells. The first involves intimate con- 
tact between effector  and target cells leading either to the me- 
chanical  disruption or “tearing” of target cell membrane. This 
event would most likely be mediated by receptor(s) present on the 
T cell surface (6, 7). The second hypothesis envisions the employ- 
ment of effector molecules or cytotoxins  by  the immune lymphocyte 
to mediate the lytic event, subsequent to target cell  recognition (8. 
9). The discovery by Ruddle and Waksman (1 0) and more detailed 
work of several laboratories (1 1-1 5) of a lymphocyte-produced 
cell toxin(s), termed lymphotoxin (LT),3 has provided some support 
for the latter hypothesis. LT, once thought to represent a single 
component (1 6, 17) appear to be an interrelated system of glyco- 
protein macromolecules that may be either membrane-associated 
(1 8, 19) or released in a soluble form (20-23). When released in 
soluble form, human LT can be separated by gel filtration  into 5 
m.w. classes: LT complex (LT-Cx) (>200,000), alpha heavy (aH) 
(1 40 to 160,000), alpha (a-LT) (70 to 90,000). beta (P-LT) (35 to 
50,000), and gamma (y-LT) (1 2 to 20,000)  (20-22). The a and p- 
LT classes can be further separated into subclasses based on their 
overall molecular charge (20, 24). Components of the LT system 
are also antigenically heterogeneous (23,  25). The a and @ com- 
ponents possess both unique and shared antigenic determinants 
(25). Further immunologic and biochemical evidence indicate that 
the smaller soluble LT classes are subunit structures of the higher 
m.w.  LT-Cx and aH classes (21,  26). New evidence indicates that 
the LT-Cx and a~ classes, but not the smaller classes, are associ- 
ated with F(ab’)2-like antigen binding receptors and also lympho- 
cyte cell-surface alloantigens (21. 26A, 46L4 The LT-Cx class has 
functional antigen-binding receptors and enhanced cell-lytic activ- 
ity, when obtained from antigen-sensitized lymphocytes, and these 
properties distinguish the LT-Cx class from the smaller a ,  ,B, and 
y forms (26,  27). 

One approach in the investigation of the role of  LT in cell- 
mediated cytotoxic reactions has been with the use of LT-neutral- 
izing antisera. Various xenogeneic antisera have been developed 
that are capable of neutralizing the in vitro lytic activity of soluble 
LT molecules, and reports from several laboratories have shown 
inhibitory  effects of these antisera in certain types of cytotoxic 
reactions mediated by lymphocytes in vitro (28-30), but not in 
others (28). However, the immunologic and physical heterogeneity 
exhibited  by human LT introduces a dimension of complexity when 
an attempt is made to deine the role of these molecules in cell-lytic 
reactions with anti-LT serum of restricted specificity. This situation 
was approached in our studies by the development of anti-LT sera 
of 3 general types (25.  31): 1) a polyspecific serum capable of 
neutralizing all components of the LT system; 2) antisera that are 

Abbreviations used in this paper: Anti-WS. anti-whole supernatant; LT, 

era1 blood lymphocytes; PHA-P. phytohemagglutinin-P; RPMI-S, RPMI 1640 
kmphotoxin; NGS, normal goat serum: NRS, normal rabbit serum:  PBL. periph- 

tissue culture medium supplemented with fetal calf serum; HEPES. N-P-hydrox- 
~ethylpiperazine-N’-2-ethanesulfonic acid. 

* Ware, c. F., J. Klostergaard, M. K. Toth. and G. A. Granger. The Human LT 
System. Ix. SerOlOQiCal identification of F(ab‘)?, alloantigens, and Clq-like deter- 
minants associated with human lymphotoxins (submitted). 
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reactive with discrete LT classes; and 3) antisera reactive with 
single  defined LT subclasses.  This  report will focus on the effects 
of various anti-LT sera in the human alloimmune cytotoxic reaction. 

MATERIALS AND METHODS 

Medium  and  target cells. Tissue culture medium for  routine passage of 
target  cells or lymphocyte  culturing was RPMl 1640 (Grand Island Biological 
CO. (GIBCO. Grand Island. NY), supplemented with 10%  v/v heat-inacti- 
vated (56"C, 1 hr) fetal calf serum (GIBGO), antibiotics (1 00 U/ml  penicillin, 
100  pg/ml streptomycin, and 25 pg/ml gentamycin) (RPMI-S). Medium 
used  in the cytotoxicity assay was identical to the above, except that HEPES 
buffer (Sigma, St. Louis, MO) (25 mM) was substituted for sodium  bicar- 
bonate. Phosphate-buffered saline (PBS, 0.1 5 M NaCI, 0.01 M NaH2P04, 

were human B lymphoblastoid  cell lines WI-L2, RPMI-1788, or PGLC-33H. 
pH  7.2) was used  to wash cells where indicated, Target cells employed 

These cell lines were a gift of Dr. Philip Glade (University of Miami, Miami, 
FL) and are maintained by routine  subculture  in RPMI-S. 

/solation and  preparation  of  effector lymphocytes. Human peripheral 
blood mononuclear cells (PBL) were isolated from normal donors by Ficoll- 
lsopaque  density gradient sedimentation (32). Human adenoid  lymphocytes 
were prepared as a single cell suspension as previously described  (33). 
One-way mixed lymphocyte  cultures (MLC) were established by culturing 
PBL or adenoid lymphocytes with mitomycin-C- (Sigma) treated lympho- 
blastoid  cell line at 1 X l o 6  cells/ml for 5 to 7 days at 37°C  in  250-ml 
plastic flasks (Corning, Corning, NY). Sensitizing cells  had been pretreated 
with mitomycin-C at 50 pg/ml/lO' cells for 60 min at 37°C. Treated target 
cells were then washed twice with 50 vol of cold medium before  addition  to 
the MLC. Lymphocytes at the end of  the  culture  period were 85  to  95% 
viable. 

Cytotoxic assay. Lymphoblastoid  cell lines (5 x 1 06) cells were radiola- 
beled with sodium "chromate  (305  mCi/mg. New England Nuclear, 
Boston, MA) at 100  pCi/ml  in serum-free medium for 1 to 2 hr at 37°C. 
Labeled cells were then washed 3 times with HEPES-buffered medium 
containing serum. All cytotoxic  reactions were carried  out  in  round  bottom 
microcytotoxicity  plates (Flow Laboratories, Inglewood, CA) containing a 
volume of 0.2 mi.  Effector  lymphocytes at a density of 2 x 1 O5 cells/0.05 
ml, unless otherwise  indicated, were added to microtiter wells containing 
0.1 ml of cold medium or medium containing various dilutions of anti-LT or 
control sera. Radiolabeled target  cells were added immediately to the 
reaction wells (1 X 104/0.05 ml) and  the  plates were then incubated at 
37°C for 4 hr. The release of 5'Cr label was measured by uptake of cell- 
free supernatant with the Titer-Tek Supernatant Collection System (Flow 
Labs), and quantitated  in an automated gamma counter (Beckman, Fuller- 
ton, CA). The total 5'Cr releasable was determined by the addition of 0.1 ml 
of 3%  (w/v) sodium dodecyl sulfate (SDS) solution (Sigma). Generally, this 
represented 84 to 92% of the total counts. Spontaneous 5'Cr release was 
1 to 3%/hr from target  cells  prepared  in the manner described. 

Target cell  destruction was determined with the following formula: 

Experimental  release - spontaneous  release 
Total  release - spontaneous  release 

% Lysis = x 100 

Experimental release is  defined as the amount of 5'Cr released from target 
cells  in the presence of effector lymphocytes. The data are represented as 
the mean of triplicate samples * the standard deviation. In certain experi- 
ments, the data are presented as per cent inhibition of target cell lysis, and 
this was defined  by: 

% Inhibition of lysis = 1 - % Lysis in experimental  serum 
% Lysis in normal control serum 

x 100 

where experimental serum is  the  indicated anti-LT serum. The percentage 
of inhibition, in each case,  wascalculated with results  obtained  with  identical 
concentrations  of experimental and normal control serum. 

Production of xenogeneic anti-human LT sera. The rabbit and goat 
antisera employed in these studies were prepared against various human 
LT forms obtained  from PHA-P activated lymphocytes. The methods of 
supernatant production,  LT  fractionation, animal immunization and specific- 
ities of the various sera have been described previously (25. 31). However, 
each serum will be  described briefly: A.  Goat and  rabbit anti-whole super- 
natant. (g-anti-WS and r-anti-WS. respectively). These antisera were ob- 
tained by immunization of animals with serum-free supernatants. 8. Anti-LT 
class and subclass sera. Rabbit anti-a-LT class antisera (r-anti-a-LT) were 
derived from animals immunized with fractions  containing individual m.w. 
LT  classes obtained by molecular sieving chromatography. 

Sephadex G-150 (Pharmacia Fine Chemicals, Inc., Piscataway. NJ) 

pooled, concentrated by ultrafiltration (PM-30, Amicon). and rechromato- 
fractions  corresponding  to 70 to 90,000 m.w. a-LT activity peak were 

a A "  by ion  exchange  chromatography with diethylaminoethylcellulose 
(DEAE) (20). Goats were immunized over a 14-mo  period with these prep- 
arations of a d T  (g-anti-an-LT) in FCA. Rabbit anti-P-LT and anti-LT-Cx 

40 to 50,000 m.w. or >200,000 m.w. activity  peaks in a similar manner as 
sera were made against Sephadex G-150  fractions corresponding to the 

described  for  the anti-a-LT serum. The rabbit  and  goat anti-WS have 
inhibitory  activity  for other human lymphokines, e.g., macrophage and 
leukocyte migration inhibitory  factors (MIF, LIF). and  chemotactic  factors 
(25). Anti-a Class or  subclass antiserum show no  reactivity with other 
lymphokine activities, except for the goat anti-a,-LT subclass, which can 
partially neutralize chemotactic factor. These observations are the result  of 
a limited series of antisera exchanges with other laboratories (Granger, G. 
A., unpublished observations). 

Control  preimmune sera. Control goat or  rabbit sera were pools  of 
preimmune or normal sera from 3 goats or 5 to 8 rabbits (NGS or NRS), and 
do  not  differ from individual preimmune serum in their ability  to neutralize 
lymphotoxin  activity as measured on murine L-929 target cells. 

All antisera were de-complemented by heating at 56°C  for 50 min. 
Antisera were dialyzed against 500 vol of Hanks' balanced salt solution 
over night at 4°C and frozen at -20°C  until use. Just before use in the 
cytotoxic assay, all antisera reagents were spun at  13,000 x G for 10 min 
(Microfuge. Beckman Instruments. Fullerton, CA). 

Preparation  of  lgG  or F(ab')2 fragments of anti-LT serum. Goat anti-WS 

precipitation  and DEAE chromatography (34). Goat IgG was digested with 
or anti-a2-LT IgG fractions were obtained by sequential ammonium sulfate 

pepsin  to  obtain F(ab')* fragments as described  (35) with slight modification. 
Pepsin 3 times crystalized (Worthington Biochemicals, Freehold, NJ) was 
added to an increased enzyme substrate 1 :10  (w/w) and incubated at 37°C 
for 24 hr. F(ab')2 fragments  were  isolated  by  gel  filtration chromatography 
in 10 mM Tris. pH  7.2,  on a 2.5 x 100 cm AcA 44 Ultrogel (LKB, Uppsala, 
Sweden) column. Fractions were conservatively pooled  to avoid contami- 
nation with undigested IgG, concentrated, and dialyzed against Hanks' 
balanced salts. The digestion  products were analyzed on SDS polyacryl- 
amide (36)  tube gels and  judged to be greater than 98%  pure F(ab'I2 
fragments as determined by densitometric tracing of the Coomassie Blue- 
banding patterns. 

lmmunoabsorption of  anti-LT sera. Dilutions of  all anti-LT sera were 
measured for their reactivity  with human, rabbit, or bovine serum or PHA-P 
by Ouchterlony double  diffusion analysis. Only g-anti-WS showed faint 
precipitation lines with human serum and PHA-P. Anti-a-LT sera reacted 
weakly with bovine serum antigens. Anti-LT-Cx reacted with bovine serum 
antigens. 

All reactive antisera were adsorbed  in the following manner: human, 
rabbit,  or calf serum proteins, or PHA-P were covalently linked  to cyanogen 
bromide-activated Sepharose 4 8  beads (Pharmacia) (1 0 to  15 mg protein/ 
ml packed bead) by the method of March  et a/. (37). The anti-LT sera were 
added  to  packed immunoabsorbent beads in PBS (2:l serum/bead  ratio  v/ 
v) and  incubated for 1 to 2 hr at 4°C. with constant mixing. Immunoabsor- 
bent beads were then removed by centrifugation; the antisera were filtered 
and frozen at -20°C  until use. Unabsorbed antisera were incubated with 
an  identical volume of unmodified  Sepharose-48 beads. After absorption, 
the  antisera showed no  reactivity  with these antigens as determined by 
Ouchterlony analysis. Lymphoid  cells used for absorption were obtained 
from: 1) defibrinated  peripheral  blood  by gravity (1 x G) sedimentation 
through a 3%  w/v dextran-PBS solution at 37°C for 60 min; and 2) freshly 
removed adenoids  prepared as a a single-cell suspension, and washed 3 
times in  cold PBS. Cell pellets  containing 1 to 3 x 10' lymphoid cells were 
incubated with 1 ml of anti-LT sera for 1 to 2 hr at 4°C with mixing every 15 
min. Unless otherwise indicated,  all antisera were routinely absorbed with 
the specific target cell  lines WI-L2, RPMI-1788, and PGLC-33h at 2 x 10' 
cells/ml serum, as described above, before use in the cytotoxic assay. 
After absorption, no  reactivity  could  be  detected by indirect immunofluores- 
cence. The antisera were cleared of cells by centrifugation and dialyzed 
against Hanks' salt solution. 

LT assay and neutralization of LT  by anti-LT sera. LT activity was 
measured on mitomycin-C-treated murine  L-929  cells as described (38). 
The units per milliliter of LT activity are defined as the reciprocal of the 
dilution  effecting a 5090 reduction  of  the  target  cell number. Quantitative LT 
neutralization was carried out as follows: various amounts of the anti-LT or 
control sera were mixed  in  microtiter wells with a constant level of LT activity 
(2  to 5 U) contained  in 50 pl. Alpha and LT-Cx fractions were obtained as 
previously described (20). The reaction mixtures were then adjusted to a 
final volume of 300 pl with PBS, and incubated for 60 min at 2 5 T .  One 
hundred  microliters of the reaction mixture were then tested in  duplicate for 
residual LT  activity  on  L-929 target cells. Cytotoxicity was measured by 
determining the remaining  cell number after incubation  for 20 hr  at  37°C 
(38). The final dilution of the antiserum required  to  inhibit 50% of the LT 
activity  in the untreated control was defined as the inhibitory titer. 

graphed  on Sephadex G-150. These methods have been shown to yield 
functionally purified a-LT preparations free of other classes (20, 24). Goat 
anti-a2-LT subclass antiserum was obtained from animals that had received ChafaCterizatiOn Of human lYmphOCyte-mediated Cytotoxicity of 
multiple  injections of a-LT. which had been further separated into subclass allogeneic B lymphoblastoid cell lines in vitro. Human lymphocytes 

RESULTS 
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from peripheral blood or adenoids were sensitized in One-way 
mixed  lymphocyte  cultures  with allogeneic B lyrnphoblastoid Cell 
lines. Optimal conditions for generating killer  cells after MLC were 
established by co-culture of human peripheral blood mononuclear 
cells with mitomycin-C treated WI-L2, RPMI-1788, or PGLC-33H 
human B lymphoblastoid cell lines at various 1ymphocyte:target 
cell ratios. The result of a representative experiment is presented 
in Figure 1A. Generally, 1ymphocyte:sensitizing cell ratios of 20:l  
or 30: l  generated the highest levels of killer  cell activity, and this 
activity was the highest between days 5 through 7.  The specificity 
of cytolysis was investigated by assaying WI-L2 sensitized effector 
cells on other unrelated 5'Cr-labeled allogeneic cell lines. Figure 
1 8  presents the results of 1 experiment in which PBL sensitized to 
WI-L2 were assayed on RPMI-1788 and WI-L2 targets. Nonsensi- 
tized PBL from the same donor, cultured for 6 days, were also 
tested on the same targets. The lytic activity of WI-L2 sensitized 
PBL was restricted to the sensitizing cell. However, some cross- 
reactivity with RPMI-1788 was detected at high 1ymphocyte:target 
cell ratios. Similar results have been obtained with RPMI-1788 and 
PGLC-33H sensitized cells. Nonsensitized PBL showed little ca- 
pacity to cause target cell lysis. However, if the duration of the 
cytotoxic  reaction is extended to 9 to  15 hr, high levels of nonspe- 
cific lysis  are observed. The kinetics of lysis of WI-L2 target cells 
by MLC sensitized PBL is presented in Figure 1 C. The rate of lysis 
appears linear with time, and lysis was detectable as early as 30 
min after contact between effector  and target cells. Similar results 
were obtained with human adenoid lymphocytes as effector cells. 
In subsequent studies, we employed a sensitizing ratio of 20:l  
effect0rs:targets for generating killer  cells  and 1ymphocyte:target 
cell ratios of between 1O:l to 30:l  in the cytolytic  reaction. 

Levels of LT antibody in xenogeneic anti-human LT sera. The 
qualitative reactivity of the anti-human LT sera with various com- 
ponents of the LT system has been previously documented (25). 
The anti-human LT sera were compared by a quantitative neutral- 
ization assay for their capacity to inhibit  the  cytotoxic activity of 
LT-Cx or a-LT m.w. classes on L-929 cells in vitro as described in 
Methods. Table I presents the results of these experiments. The 
inhibitory  capacity of an antiserum was defimd ES the final dilution 
required to neutralize 50% of cytotoxic  activity of the sample. The 
results reveal that the goat anti-WS and anti-trn subclass antisera 
have significantly greater capacity to neutralize LT-Cx or a-LT than 
the analogous rabbit antisera. However, the goat anti-WS F(ab'), 
fragments were reduced approximately 5-fold in their capacity to 
inhibit a-LT compared with an IgG fraction  on a weight basis. 

The effect of anti-human LT sera on lymphocyte-mediated cy- 
totoxicity o f  allogeneic target  cefls in vitro. Various antisera were 
screened for their effect on  cell  lysis in this  cytotoxic  reaction 
system. Etfector lymphocytes were added tc various dilutions of 
anti-LT or control sera followed immediately by the addition of the 
appropriate labeled targets. The reaction  proceeded at 37°C in the 
continuous presence of the indicated antiserum. The results of 
different experiments employing separate sources of effector cells 
and different target cell combinations are presented in Table II. 
The results indicate a potent consistent inhibitory action of anti- 
WS in this reaction. Inhibitory activity was dependent on the 
amount of antisera, IgG, or F(ab')? employed. This serum inhibited 
the cytotoxic  action of effector  cells obtained from adenoids or 
PBL reactive against either WLL2  or RPMI-1788 targets. The 
dilution of anti-WS affecting a 50% reduction in the cytolytic activity 
ranged from 1 :8  to 150. Although not all data  are shown, anti-WS 
serum or IgG  fractions were effective in inhibiting lysis in  17 of 17 
experiments. The anti-WS serum was previously absorbed with 
target cells, in all cases. In contrast, goat anti-an subclass serum 
or an IgG fraction  showed  no significant capacity to inhibit cytolysis 
under similar experimental conditions. 

Additional experiments were conducted with several different 
rabbit anti-I-T sera employing a similar experimental protocol. The 
results of these experiments are presented in Table 111. Rabbit anti- 
WS showed a significant capacity to inhibit  cytolysis in this reac- 
tion, however, anti-a LT class  and subclass sera were ineffective. 
Rabbit antisera reactive with P-LT components showed a moderate 
capacity to enhance lysis of WI-L2 target cells. Unfortunately, 
limited availability of the anti-P-LT sera has prohibited further 
experimentation at this time. A weak rabbit anti-LT-Cx showed no 
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Figure 7 .  The in vitro characterization of  human  lymphocyte-mediated  cytol- 
ysis  of  allogeneic  B-lymphoblastoid cells. A ,  human PEL were  sensitized  in a 
one-way  mixed  lymphocyte  culture  to  WI-L2  lymphoblastoid  cells  at  various 
lymphocyte:Wl-L2  ratios.  After 6 days  in  culture,  effector  PBL  were  harvested 
and tested  for  their capacity to lyse WI-L2 target  cells  at a 10: 1 lymphocyte to 
target cell ratio in a 4-hr 5'Cr release assay, 6, selectivity of the  lytic  activity  of 
MLC-sensitized human  lymphocytes.  Human  PBL  cultured  with  or  without  WI-L2 
target cells (20:l ratio) for 6 days were assayed for  their  lytic  activity  on WI-L2 

assay. WI-L2 sensitized  lymphocytes  measured  on: WLL2 (M): RPMI-1788 
or RPMI-1788 at various  lymphocyte to target cell ratios  in a 4-hr 5'Cr release 

(A-A). Nonsensitized  lymphocytes measured on: WI-L2 (W); RPMI-1788 
(A-A). C. kinetics of  lysis of WLL2 target cells by  MLC-sensitized  human PEL. 

and centrifuged at 300 x G for 2 min to initiate contact. Percentage of  lysis  was 
Effector lymphocytes  were  mixed  with "Cr-labeled WI-L2  cells  at a 30: l  ratio 

then determined after  various  intervals of time. 
All data represent the mean f SD of triplicate  samples.  Spontaneous release of 
"Cr from  target  cells  was  generally between 1 and 3%/hr. 

significant capacity to inhibit lysis under these experimental con- 
ditions. 

It was important to assess the capacity of the anti-WS to effect 
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the  release of 5'Cr label from  the target  cells in  the absence of 
effector  cells. As seen  in experiment 8, Table II, no  significant 
difference  was  observed in  the  spontaneous  or  total releasable 
counts  from  target  cells in  the presence of NGS, anti-WS, or  anti- 

TABLE I 
Quantitarive neutralizing capacity of the rabbit and goat anti-WS, anti-LT class 
and subclass specific antisera for the  LT-Cx.  a-LT. and B-LT class cvtotoxins' 

Antlsera Neutralizing Titer  for:b 

a-LT LT-Cx p-LT 
Type of Anti-Human LT Sera 

Anti-WS 
Goat  serum 1 :333 1:142 NT" 
Goat IgG 100 Pg NT 
Goat  F(ab'), 450 89  NT 
Rabbit serum 1 5 8   1 5 3  

Anti-LT-Cx class 
Rabbit 1 :3 1 :3 NT 

Anti-a-LT class 
Rabbit 1 5 2  1 :35 NT 

Anti-a, subclass 
Rabbit NT 1 :5 NT 

Anti-a, subclass 
Rabbit 1 :23 1 :30 NT 
Goat 1 :666 1 :625 

Anti-P-LTd 
Rabbit 

B l  NT 1 :20 1 :30 
4 2  NT 1:18 1 :25 

day  PHA-P stimulated human adenoid lymphocytes on Ultrogel AcA 44 columns. 
e LT-Cx and a-LT were obtained by fractionation of supernatant fluids from 5- 

Varying amounts of the  anti-LT sera were mixed with 4 units of  LT activity in a 

on L-929 target cells as described in Materials and Methods. 
total volume of 300 pl at 25°C for 1 hr. Residual cytotoxic activity was measured 

' Data represent the final dilution of antisera or micrograms of Ig protein 
required to neutralize 2 units (50%) of LT activity as  measured on L-929 cells. 

Not  tested. 
Tested on the 40,000 to 50,000 m.w.  B-LT class. 

TABLE 111 
The effect Of rabbit anti-human LT serum on human lymphocyte-medjated 

Cytolysis Of allogeneic B-lymphoblastoid cell lines" 
% Inhibition of Lvsis.b 

Expt. Lymphocyte: No Target Ratio Dilution of Serum 
Anti-WS 

Anti-a Sub- 
class 

class 
a2 a1 

1 20:l adenoid: 1 :2 
WI-L2 

86 2 4  
1 :4 32 1 3  0 

0 

1 :8 5 0 2  1 

2 20:1 PEL: 1 :2 
WI-L2 1 :4 

1 :8 

74 4 1 -10 
29 2 0 -4 
11 0 0 -10 

Anti-p-LT 

P I  8 2  
Anti-LT-Cx 

3 7.1 PEL: 1 :4 
WI-L2 1 :a 

16  -9 NT 

1:16 
-12 -4 
-18 -50 

4' 7: l  PEL: 2 mg/ml -10 NTd NT 
W" 1 mg/ml -4 

5 20:l PBL: 1 :2 NT  NT 
1 :4 

1 
WI-L2 

6" 20:l PBL:  1.5 mg/ml NT  NT 
NT  NT 

2 
0.5 WI-L2 0.75 mg/ml 

cytotoxic activity as described in Table II. 
Human effector lymphocytes were generated in MLC and assayed for 

rabbit or anti-LT sera at identical serum dilutions. Percent lysis in NRS was: Expt. 
' Percent inhibition of lysis was calculated from values of % lysis from normal 

1-1:2, 45 f 3; 1 :4.  43 f 2;  1:8, 41 f 3. Expt. 2-1:2. 33 f 2: 1:4, 33 f 3; 
1:8, 36 f 3. Expt. 3-1:4, 22 f 3; 1:8. 21 f 2; 1:16, 16 f 6. Expt. 5-1:2. 50 
f 3: 1 :4. 52 f 1. Expt. 4 and 6-the % inhibition was calculated from values of 
% lysis in  10% FCS and were 16 f 3 and 52 f 3, respectively. 

phocytes and fetal calf serum. 
IgG fraction of anti-P,-LT absorbed with L-929 cells, human adenoid lym- 

Not  tested. 
e IgG fraction of  anti-LT-Cx absorbed with bovine and human  serum proteins. 

TABLE II 
The effect Of goat anti-human /ymphOtOxifl sera on specific human lymphocyte-mediated cyto/ys;s of allogeneic B-lymphoblastojd cell lines in vitro' 

Expt. No. Lymphocyte: Target Ratio Dilution of Serum NGS 
Anti-WS  Anti-a? Subclass 

% Lyslsfi % Lysis % Inhibition" % Lysis % Inhibltlon' 

1 1O:l PBL:RPMI 1788 1 :4 30.3 f 2 12.5 f 0.4  59 28.1 f 1 
1 :20 37.3 f 5 

7 
23.6 f 3 37 36.5 f 3 2 

2 20:l Adenoid: RPMl 1788 1 :3 
1:lO 
1 :30 
1:100 

3 1O:l PBL:WI-L2 

4 20:l adenoid:WI-L2 

1 :4 
1 :e 
1:16 

1 :8 
1:16 
1 :64 

mg /gG 
5 30:l adenoid: RPMl 1788  2.0 

6 
1 .o 

10:1 PBL:WI-L2 
0.33 
1 .o 

0.1 1 

mg F(ab'h 
0.40 
0.20 

7 20:1 PBL:WI-L2 

8 WLL2 (no effectors) 1 :2 

18.8 f 2 
17.7 f 4 
18.6 f 2 
18.9 f 3 

35.6 f 2 
32.3 f 4 
33.3 f 2 

55 f 2 
53.6 f 1 
46.7 f 2 

76.5 f 1 
62 f 5 

54.0 f 1 
61.6 f 2 
55.7 f 9 

24 f 2 
26 f 3 
0.1 % 

-0.4 f 1 100 
4.7 f 2 73 
8.6 -C 1 46 

17.2 f 0.5 9 

2.2 f 4 94 
1.5 f 1 95 

11.6 f 6 65 

10.2 f 3 81 

25.5 f 2 
1 3 f  1 75 

45 

2.3 f 2 97 
14.2 f 3 77 
16.7 f 0.3  69 
35.3 f 1 43 
51.4 f 0.4 8 

30 f 3 
1 2 f  1 50 

-15 
0.2% 0 

17.1 f 3 9 
17.5 f 1 1 
17.8 f 0.5 4 
16.8 f 4 11 

34.6 f 2 3 
33.1 f 4 0 

32 f 1 4 

NT' 

73.5 f 6 
65 f 2 
NT 

NT 

0 0 

4 
0 

lymphocytes were tested for their capacity to lyse their specific target cell in a 4-hr "Cr release assay, whereas in the continuous presence of various dilutions of goat 
a Effector lymphocytes obtained from human  PBL or adenoids were generated in one-way  MLC with RPMI-1788 or WI-L2 target cells for 5 to 7 days. Effector 

anti-WS, anti-a,. or normal goat sera.  Data represent the  means f SD of triplicate samples.  All antisera were preabsorbed with target cells. 

experiment 5. 64 f 2; experiment 6, 57 f 2; experiment 7. 26 f 2. 
% Lysis of specific target cells in medium only was experiment 1, 33.3 s 0.4; experiment 2, 19.2 f 2: experiment 3, 33.3 2 1; experiment 4, 47 f 2: 

% Inhibition of lysis was calculated from values  of % lysis for normal or anti-LT  serum  at identical serum concentrations. 
' Not tested. 
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a2 LT. Similar results were observed for  the  rabbit antisera. Goat 
or rabbit anti-WS sera were not cytotoxic to lymphocytes, since 
overnight incubation of effector lymphocytes in anti-LT sera 
showed no decrease in the viability of these lymphocytes when 
compared to untreated  cells (data not shown). 

The effect of absorption with target cells and serum  proteins  on 
the cytolytic inhibitory  activity of anti-WS. Goat anti-WS  was ex- 
haustively absorbed with target cells or immunoabsorbent beads 
with covalently attached human, bovine, or  rabbit serum proteins 
or PHA-P. The absorbed antisera were then tested for their capac- 
ity to inhibit the  cytolysis of WI-L2 target cells or alloimmune human 
lymphocytes. The results of these experiments are presented in 
Table IV. Absorption with 1 x 10’ specific target cells (WI-L2) only 
slightly  reduced the capacity of goat anti-WS to inhibit lysis. A 5- 
fold increase in the absorbing target cell number did not further 
decrease the inhibitory activity of this antiserum. After absorption 
with  target  cells,  no agglutinating activity for target or effector cells 
was observed. Absorption of these antisera with human, bovine, or 
rabbit serum proteins or PHA-P did not decrease the capacity of 
the anti-WS to inhibit  cytotoxicity mediated by human lymphocytes. 

The effect of absorption with  human lymphocytes on the cytolytic 
inhibitory  activity  of anti-WS. The next experiments performed 
were directed at identifying whether normal human lymphocytes 
expressed antigens that were relevant to the inhibitory activity of 
anti-WS serum. Goat anti-WS was absorbed with freshly isolated 
human lymphocytes obtained from adenoids or peripheral blood. 
The absorbed anti-WS was then tested for its cytolytic inhibitory 
activity  on MLC-generated effector  cells  obtained from the same 
donor used for  the absorption. The results of several experiments 
are presented in Table V. Absorption of goat anti-WS with high 
numbers of normal lymphocytes removed a portion of the inhibitory 
activity of this serum. 

Absorption of anti-WS with activated lymphocytes. Our previous 
results (1 8)  have shown that absorption of the anti-a-LT sera with 
similar numbers of normal lymphocytes as employed in these 
studies did not remove the a-LT neutralizing capacity of these anti- 
LT sera. However, in that study, lectin-”activated” T lymphocytes, 
in comparison with “nonactivated” cells, did remove the a-LT 
neutralizing activity of anti-WS. For this reason, the next studies 
were conducted to determine whether “activated” lymphocytes 
were more  effective  than “nonactivated” lymphocytes in removing 
the cytolytic  inhibitory activity of the anti-WS for specific lympho- 
cyte mediated cytotoxicity. To accomplish this, MLC generated 
effector lymphocytes were activated by treatment with Con-A for 
12 hr or left untreated. These cells (1.5 x 10’ cells/ml antiserum) 
were then used to absorb the goat anti-WS. Various dilutions of 
the absorbed  and unabsorbed anti-WS sera were then tested for 

TABLE IV 
The effect of absorption with  target  cells,  serum  proteins, and PHA on the 

cytolytic-inhibitory activity of g anti-WS” 
% Inhibition of Lvsis’ 

No’ Serum Tested 
Dllution of Anti-WS absorbed with: 

Target cells 
(1 x 1 0 8 )  

(WIL-2)’ 
(5  x 108) 

1 1 :4 93 80 74 

41 
58 1:12 78 

1 :36 54 39 
57 

Affinity beads with covalently attached‘ 

Human Bovine Rabbit PHA-P 
Serum  serum serum 

2 1:lO 59 
1 :20 

55 60 NT  NT 

3 1 :8 95 NT NT 83  99 

22 25 20 

1’16 64 77 Rn 

target cell ratio in a 4 hr ”Cr release  assay  as described in Table II. 
‘ MLC  generated  PBL  anti-WI-L2  were  employed  at a 20:l lymphocyte to 

Percent  lysis in NGS  was: Expt. 1-1 :4, 63 f 2: Expt. 2-1 :lo. 18 f 1; 

Anti-WS  was  absorbed with 1 or 5 x 10’  WLL2  target cells/ml of  antiserum 

Anti-WS  was  absorbed  with a 1 :1 (v/v) ratio beads to antiserum  for 1 hr  at 

Ex@.  3-1 :8. 33 f 2. 

for 1 hr  at  4°C. 

4’C. Control unabsorbed  anti-WS was diluted with  an  equal  volume  of  medium. 

TABLE V 
The effect of absorption with normal human  lymphocytes on the cytolytic 

inhibitorv cmacitv of aoat  anti-WS’ 

Tested sorbed sorbed‘ 

Sera unab- ~ b -  

Adenoid:RPMI- 
20: 1 

Adenoid:RPMC 
20:1 

Adenoid:RPMC 
20:1 

788. 

788, 

788. 

Adenoid:WI-L2, 20:l 

PBL:RPMI-1788. 20:l 

cells/rnl 

1. x 108 

1.1 x 108 

0.2 x 108 

3.0 X 10’ 

8.0 x 108 

0.2 x 108 
1.0 x 108 

3 x 108 

1 :4 94 
1 :36 78 

1:12 79 
1 :36 57 

1 :3 
1:10 

95 

1 3 0  
73 
52 

1 :3 
1:10 
1 :30 

1 :4 
1 :2 

1 :e 
75 

66 
1 :36 30 

1 :4 
1 :4 

73 

1 :4 

89 
64 

75 
63 

87 

49 
69 

60 
74 

21 

90 
37 
19 

49 

35 
44 

ity on RPMI-1788  or WI-L2 in a 4-hr  5’Cr  release  assay  as  described in Table II. 
* MLC-generated effector lymphocytes  were  assayed  for  their cytotoxic activ- 

Percent lysis in the  Presence  of NGS: Expt. 1-1  :4, 18 f 3: Expt.  2-1: 
12. 37 f 2: Expt.  3-1:3. 19 f 1: l: lO, 18 f 2: Expt. 4-1:2. 59 f 4; 1.8, 65 
f 2; 1 :36, 58 f 3; EXPt.  5-1  :4. 80 f 6.  

Various  numbers of human  adenoid  or  peripheral blood lymphocytes  ob- 
tained  from  the  same  donor  as  employed in the cytotoxic reaction were  used to 
absorb 1 ml  of  goat  anti-WS for 1 hr  at  4%.  Both control and  absorbed 
preparations of goat aflti-WS had been  previously  absorbed with RPMI-1788  or 
wI-L2 target cells (2 x 10’ cells/ml). 

TABLE VI 
The effect of absorption with “activated” lymphocytes on the cytolytic 

inhibitory capacity of goat anti-WS” 

Anti-WS 
Absorbed  with: 

% Inhibition of Lysis at Dilution of Anti- 
WS Tested: 

1:10 1 :20 1 :40 

Unabsorbed 64 33 16 
Nonactivated  lymphocytes 54 
Activated  lymphocytes 33 

31 
11 

2 
6 

days. A portion of these effector lymphocytes were then  activated  by co-culture 
Human  PBL were  sensitized in one-way MLC to WI-L2  target cells for 6 

with  Con A (10 pg/ml) for 12 hr.  Nonactivated effectors were cultured without 
Con A. Cells  were  then  washed  twice  with 50 vol of cold RPMI-S and  then  used 
to absorb  the  goat  anti-WS (1.5 X 10’ cells/ml serum)  for 1 hr  at  4°C.  Absorbed 
or  unabsorbed  anti-WS was then  tested  for its capacity to inhibit the lysis of 5’Cr 
labeled  WLL2 cells by effector lymphocytes (20:l ratio) obtained  from  the  same 
culture.  Percent lysis in  the  presence of NGS (1 :10 dilution) was  44.8 f 4. 

their capacity to inhibit the lysis of WI-L2 target cells  by immune 
lymphocytes obtained from the same donor. The results of this 
experiment are presented in Table VI. The data indicate a signifi- 
cant increase in the capacity of “activated” lymphocytes to remove 
the  cytolytic  inhibitory activity of the anti-WS as compared to 
“nonactivated” lymphocytes. 

Effect of preincubation in anti-WS on killer cell activity and LT 
release. MLC-sensitized effector lymphocytes were preincubated 
in goat anti-WS or normal serum for 1 hr at 4OC, and then washed 
twice. Treated or untreated lymphocytes were subsequently as- 
sessed for their capacity to: 1) cause lysis of specific target cells; 
or 2) release LT after Con-A stimulation. The results presented in 
Table VI1 indicate that preincubation in anti-WS only partially re- 
duced ( 1 5  dilution) the  capacity of effector  cells to release or 
mediate direct  cytotoxicity. In contrast, these same dilutions of 
antisera, if Present continuously, inhibit cytotoxic reaction by 50 to 
100%. These studies indicate that effective 1ymphocyte:target cell 
contact  is not being  interrupted  by the antisera. Prolonged incu- 
bation of lymphocytes in the presence of the anti-WS (3 to 5 days) 
did not decrease cell viability Lymphocyte in  vitro proliferative 
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TABLE VI1 

lymphocytes  to release LT molecules or mediate  specific  target cell lysis 
The effect of preincubation in goat anti-WS on the capacity of effector 

A. Release of LT by  Con A Stimulation:’ 
LT Activity after Preincubation in: 

Expt No. NGS dilution 
Media 

Anti-WS  dilution 

1 :5 1:10 1 :5 t:10 

onits/ml 

1 
2 

2 0 0 k  15 19Of10 2 0 5 * 2 0  100f5 180+ 15 
300 f 50 350 f 15 310 f 20 

6. Direct Cell Killing (20:l ratio)b 
Lysis of WI-L2 by Immune Lymphocytes after Preincubation in: 

NGS dilu- 
tion 

1 :5 

Media ~ 

Anti-WS  dilution 

1 :5 1 :20 
~~ 

% 

79f3 0 7 f 5  67f4 7 8 f 3  

described in Materials and Methods. Effector lymphocytes (1 x lo6) were 
a Effector PEL were generated in MLC culture  with WLL2 for 6 days as 

washed  twice  with  medium  and  incubated  with  medium, NGS, or  anti-WS  in 0.3 
ml  for 1 hr  at 4%. Lymphocytes  were  then  washed  twice  with  medium and 
resuspended  in 1 ml  of  medium  in  the presence of 10 pg/ml Con  A and incubated 
for 15 hr  at 37°C. Cellfree supernatant  was  then  tested  on L-929 target  cells  for 
LT  activity as described in Materials and Methods. Data represent  the  mean f 
range of duplicate  samples. 

Effector PEL from  the  same  culture  used  in  experiment  2  were treated with 
NGS or  anti-WS as described above. Antisera-treated PEL were  then  assessed 
for  their  capacity  to  lyse  WI-L2  target  cells  in  a  4-hr 5’Cr release assay. Data 
represent  the  mean i SD of  triplicate  samples. 

responses to lectins PHA or alloantigen WI-L2  was moderately 
inhibited at a 1 :4 dilution with a moderate stimulation at a 1 /20 
dilution (see Reference 29). 

DISCUSSION 

The present experiments examined the effects of various anti- 
human LT antisera in the human alloimmune cell-mediated cyto- 
toxic reaction in vitro. Target cell lysis mediated by MLC-generated 
human adenoid or PBL effectors was rapid  and selective for the 
sensitizing target cell in a short-term assay. Reports from other 
laboratories have indicated the alloimmune effector cell is a thy- 
mus-derived T cell (39, 40). Certain reports have indicated a high 
degree of cross-reactivity among B cell lines (41, 42) that is 
apparently not  correlated with HLA or virat antigen expression. 
This nonspecific lysis was suggested to be due to the presence of 
natural killer  cells in the MLC-sensitized populations (43). Indeed, 
if assay times were protracted (8 to  15 hr), a significant degree of 
nonspecific lysis occurred. However, the experiments employed in 
the present studies were of short duration (2 to 4 hr) and appear 
to measure a selective effector population, most likely T cell in 
nature. 

Xenogeneic anti-human LT sera showed a variable capacity to 
affect cytotoxicity. Goat and rabbit anti-WS were found to be 
potent inhibitors of this cytotoxic reaction. These antisera are 
currently the only available sera capable of neutralizing all com- 
ponents of the human LT system. In contrast, rabbit and goat anti- 
a class or subclass sera at the same levels we employed showed 
no significant capacity to inhibit cytolysis. The failure of anti-a-LT 
antisera to inhibit the cytolytic  reaction does not apper to be related 
to its LT-neutralizing activity (see Table I). The  anti-P-LT sera 
demonstrated a slight capacity to potentiate the cytotoxic reaction. 
A weak LT neutralizing antisera directed at LT-Cx containing 
fractions was not inhibitory, however, conclusive results should 
await the  production of a high  titered anti-LT-Cx antiserum. 

Further studies were conducted with the goat anti-WS, since it 
showed the greatest inhibitory action. Fractionation of this serum 
into IgG and F(ab’)2 fragments revealed that these preparations 
contained the cytolytic inhibitory activity. These results support the 
concept that the inhibitory effect was due to the interaction of 
antibody with antigen. Some loss of inhibitory action of F(ab‘L 
fragments compared with the IgG fraction was observed. This 
result is most probably due to a loss in the antibody activity (i.e., 
loss of LT-neutralizing activity) of this preparation due to the 

stringent pepsin digestion conditions required to generate the 
F(ab% fragments. 

The inhibitory action of the anti-WS appears to be directed  at 
components contained within the effector lymphocyte population. 
Absorption of goat anti-WS with target cells, serum proteins, or 
PHA-P did not appreciably remove the cytolytic inhibitory compo- 
nents of this antiserum (Table IV). Neither did the anti-WS nonspe- 
cifically inhibit the release of 5’Cr label from the target cells (Expt. 
8 ,  Table 11). These results indicated that the inhibitory activity of 
the anti-WS was directed at the  effector cell or its products re- 
leased during the  cytotoxic reaction. In this regard, absorption of 
the goat anti-WS with normal human lymphocytes did reduce the 
inhibitory activity of the anti-WS. However, absorption with increas- 
ing numbers of normal lymphocytes showed a diminishing capacity 
of these cells to remove the  cytolytic  inhibitory antibodies (Table 
V) and  indicated that the anti-WS is not simply an anti-lymphocyte 
serum. It  is not clear whether the cytolytic inhibitory antibodies in 
the anti-WS that are absorbed by normal lymphocytes recognize 
determinants that are integral components of the cytolytic process 
or whether these antibodies bind  to nonretevant components and 
in a nonspecific fashion inhibit lysis. Recent evidence has shown 
the aH and LT-Cx classes can be neutralized with certain human 
alloantisera reactive with cell-surface antigens present on normal 
human lymphocytes (26A).4 These results suggest the high m.w. 
LT forms are associated with components present on normal 
lymphocytes and thus may in part explain why normal lymphocytes 
can partially remove the inhibitory activity of the anti-WS. We 
observed that lectin-activated alloimmune lymphocytes were more 
efficient in absorbing the cytolytic inhibitory activity of anti-WS 
than nonactivated cells (Table VI). This result indicated that acti- 
vated lymphocytes either: i) expressed normal lymphocyte antigens 
at a higher density; or ii) expressed new relevant antigenic deter- 
minants recognized by the anti-WS that are characteristic of the 
“activated state.” In light of our findings that a-LT associated 
antigens are expressed on lectin-activated T lymphocyte cell sur- 
face, but not on normal lymphocytes, we would favor the latter 
interpretation at  this time (1 9). 

Further evidence supporting the concept that the anti-WS was 
recognizing lymphocyte-associated antigen(s) expressed during 
the  cytotoxic  reaction is apparent from the results presented in 
Table VII. In these experiments, effector lymphocytes were pre- 
exposed and then washed free of the nonbound anti-WS. Lympho- 
cytes treated in this manner maintained a significant capacity to 
lyse the specific target cells and release LT in response to lectin 
stimulation. However, if lymphocytes and target cells were left in 
the continuous presence of the antisera, the cytolytic  reaction was 
greatly inhibited. These results argue against the possibility that 
effector cell-bound antibody was mediating inhibition of lysis by 
blocking the establishment of close contact between target and 
effector  cell membranes, which is required for an effective cyto- 
toxic reaction. These results suggested that recognition and acti- 
vation steps of the cytotoxic  reaction were not the major site(@ of 
anti-WS mediated inhibition. Collectively, these results indicated 
that at least 2 broad antibody specificities were involved in the 
cytolytic-inhibitory  activity of the anti-WS: First, an antibody pop- 
ulation that appears to recognize antigens present on the normal 
human lymphocyte cell surface, and second, a population of anti- 
bodies that have specificity for antigens expressed on the activated 
lymphocyte surface. The results indicating that molecules associ- 
ated with both normal and activated lymphocytes are involved in 
the cytolytic process correlates with the antigenic properties of the 
LT system. As discussed above, the LT system contains antigenic 
determinants associated with both normal and activated lympho- 
cytes (1 9, 26).4 A detailed examination of the nature of the antigens 
recognized by  this antiserum will be presented in the accompany- 
ing articles (44, 45). 

A comparison of our results employing anti-human LT sera in 
the human alloimmune cytotoxic reaction with those obtained by 
Gately et a/. (28) in a guinea pig alloimmune system reveal similar- 
ities between the results obtained in these 2 systems. We found 
that a polyspecific anti-LT serum  was required to block human 
lymphocyte-mediated cytolysis and antisera reactive with the 
smaller a or j 3  components were not inhibitory. In the guinea pig 
system, an anti-LT serum directed against the 45,000 m.w. (a-LT 



class) component also failed to block cytolysis. Thus, antisera 
directed against the a or p LT subunits will not block human or 
guinea pig lymphocyte-mediated alloimmune cytotoxic reactions. 

Does the inability of an anti-LT serum to inhibit lymphocyte- 
mediated cytotoxicity necessarily imply that "lymphotoxins" are 
not involved in the mechanism of lysis? To answer this question it 
becomes necessary to examine the basic approach of the experi- 
mental hypothesis. This hypothesis states that antibodies capable 
of neutralizing soluble LT molecules should, i f  LT molecules are 
involved in cell-mediated cytotoxic reactions, inhibit the cytotoxic 
reaction. The assumption made in this hypothesis is that antibodies 
can only mediate an inhibitory Effect on  biologic  activity of the 
toxin. At first glance, this assumption appears to  be valid, since 
the anti-LT antisera are measured by their ability to inhibit cytotoxic 
activity of soluble LT molecules. However, in reality, antibodies 
may enhance or inhibit or have no influence on the biologic activity 
of a macromolecule. These observations have come from the 
elegant experiments of Cinader and co-workers studying the influ- 
ence of antibodies on enzyme reactions (see Reference 46 for 
review). This point is germaine to our results with various anti-LT 
sera and their inhibitory or enhancing effects on  this  cytotoxic 
reaction. Another point that should be noted here is the possibility 
that an antiserum reactive with a single component of a multicom- 
ponent system, as is the case for both human and guinea pig LT, 
may not be expected to block in such a system (20, 47). The 
interaction of an antibody with a single component, in order to be 
effective in inhibiting the reaction, would be dependent on the 
location, the quantity, and the time at which the antigenic deter- 
minant was displayed  during the interaction with the other com- 
ponents. Therefore, further studies will be required to clarify the 
role of a and /3 components in this  cytotoxic reaction. 

The demonstrated antigenic and biochemical heterogeneity ex- 
hibited  by the molecules associated with LT have required that 
several types of anti-LT sera be employed initially to study the 
function of LT molecules in lymphocyte-mediated cytotoxic reac- 
tions. We describe here the observation that a polyspecific anti-LT 
serum was necessary to block lymphocyte-induced alloimmune 
cytotoxicity. The evidence indicates that several anti-LT specifici- 
ties present in this antiserum may be required to inhibit lysis. 
Although this is a complicated antiserum, further studies will de- 
scribe the application of this reagent to the study of the lytic 
mechanism in lymphocyte-mediated cytotoxicity. 
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