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CELLULAR IMMUNOLOGY 45, 261-275 (1979) 

The Human LT System 

V. A Comparison of the Relative Lytic Effectiveness of Various MW Human LT
Classes on 51Cr-Labeled Allogeneic Target Cells in Vitro: Enhanced Lysis

by LT Complexes Associated with lg-Like Receptor(s) 1 

ROBERT s. YAMAMOTO, JOHN C. HISERODT, AND GALE A. GRANGER 

Department of Molecular Biology and Biochemistry, University of California, Irvine, California 927 I 7

Received August 4, 1978 

The present studies examine the in vitro cell-lytic capacity of various molecular weight 
(MW) human lymphotoxin (LT) classes obtained from lectin-activated normal or immune 
lymphocytes on allogeneic target cells. The findings reveal that the high-MW complex class of 
LT is up to 100 times more effective than the smaller MW LT forms (a, {3, and y) in causing 
lysis of various allogeneic cell types including lymphoid cells in vitro. Moreover, the data 
suggest that lectin-stimulated alloimmune cells (MLC sensitized) release complex LT forms in 
association with a specific antigen-binding receptor(s), and that these complexes are from 3 to 
10 times more effective on the sensitizing target cell than complexes obtained from 
lectin-stimulated nonimmune cells. Positive evidence that complex-induced lysis involved LT 
was indicated by the finding that lysis was completely neutralized by incubation with 
heterologous antisera directed against a refined human a.-LT subclass (anti-a2) and partially 
neutralized with anti-human Fab; serum. These findings support the concept that LT 
molecules may represent a system ofrelated cell-lytic molecules. While the smaller MW forms 
are only weakly lytic by themselves, they can be assembled into highly lytic complexes which 
may be focused or directed by an antigen-binding receptor(s). 

INTRODUCTION 

Lymphotoxin (LT) molecules released in vitro by lectin-stimulated human 
lymphocytes are heterogeneous with_ regard to both their physicochemical and 
immunologic characteristics (1-6) and to the levels of activity and stability of 
various MW classes detectable in a given supernatant (1, 3, 7). These cell-lytic 
materials can be separated by molecular sieving, into at least four distinct MW 
classes termed: complex (Cx, >200,000) a(70,000-150,000), ,8(30,000-50,000), and 
y(l5,000-20,000) (1-3, 5). The a- and ,8-LT classes have been further separated by 
ion-exchange chromatography and PAGE into at least seven a (a1, a2a-e, and a3) 

and two /3, (/31 and /32) subclasses (2, 4, 5). In addition, while the complex LT class 
consists of at least four apparently related MW forms, termed Cx 1-4 (8), the 
majority of the Cx class can dissociate into various smaller a-like MW LT forms in 
the presence of high salt (8). Immunologic studies with different types of 

1 This research was supported by Grant Al-09460, from the Institute of Allergy and Infectious 
Diseases, National Institutes of Health. 
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anti-human LT sera indicate that certain of the small-MW LT forms (c&-y) are 
related (6), and could be detected in the complex class. In addition, reactivity with 
rabbit anti-human Fab; serum suggests that some of the complex LT classes, but 
not the small-MW classes, could be associated with Ig-like molecules (8). This 
indeed does appear to be the case, for physicochemical and immunologic studies 
have verified that lectin-stimulated immune human lymphocytes release materials 
of the complex LT class which are in association with specific antigen-binding 
receptor(s) (9). While the situation is complex, these studies indicate that materials 
with LT activity may comprise an interrelated “system” of cell toxins. The smaller 
MW forms can associate together around a nontoxic core to form high-MW 
complexes, some of which possess the capacity to further interact with a nontoxic 
Ag-binding receptor(s). These findings suggest that these molecules, like the 
components of complement, may be weakly active as individual subunits but could 
become highly lytic when associated together and moreover, the lytic capacity of 
these complexes may become directed when in association with an Ig-like 
antigen-binding receptor(s). 

The present studies were designed to test the in vitro cell-lytic capacity of the 
various MW human LT classes obtained from lectin-stimulated normal and immune 
human lymphocytes. These studies reveal that there are dramatic differences in the 
capacity of the various MW human LT classes to induce cell destruction in vitro. 
The smaller MW forms (a, /3, and 7) appear to be only weakly lytic. In contrast, LT 
molecules in the complex class were capable of causing more rapid nonspecific lysis 
of a broad range of allogeneic target cells including lymphoid cells. Moreover, LT 
complexes isolated from alloimmunized human lymphocytes were from 3 to 10 
times more effective in causing lysis of the specific stimulating target cell than 
complexes isolated from lectin-stimulated nonimmune cells. 

MATERIALS AND METHODS 

Target Ceils and Culture Media 

The target cells used in these experiments were L-929 (mouse fibroblast), HeLa 
(human carcinoma of the cervix), and Chang (human carcinoma of the liver). They 
were maintained as monolayer “cultures in 32-0~ prescription bottles in an 
atmosphere of 95% air, 5% CO; and passed biweekly. Culture medium used to 
maintain L cells was RPMI-1640 (Grand Island Biological Co. (GIBCG), Grand 
Island, N.Y .) supplemented with 3% heat-inactivated (1 hr, 56°C) fetal calf serum 
(FCS, GIBCO), 100 U/ml penicillin, and 100 pg/rnl streptomycin (RPMI-S). Culture 
medium used for HeLa and Chang cells was RPMI-1640, but supplemented with 
10% FCS (RPMI-1640-10%). Suspension cultures of two human lymphoblastoid 
cell lines, RPMI-1788, WI-2 (B-cell lines), and a myeloid cell line, K-562, were also 
maintained in 10% RPMI-1640 and passed biweekly. 

Lymphocyte Cultures and Supernatants 

Human lymphocytes employed in these studies were obtained from tonsils, 
adenoids, or peripheral blood from streptokinase-streptodomase (SKSD) 
skin-test-positive donors, as described previously (10). These cells were routinely 
75-85% viable. Suspensions ofhuman lymphocytes were cultured with either (1) 20 
E.lg/ml phytohemagglutinin-P, (PHA-P, Difco, Detroit, Mich.), plus 20 pg/ml boiled 
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serum (BS) (lo), at a density of 4 x lo6 viable cells/ml; or (2) mitomycin C (Sigma, 
St. Louis, MO.), treated allogeneic lymphocytes, WI-2 or RPMI-1788, at a ratio of 
10: 1 responder:stimulator cell (MLC) in 10% RPMI-1640; or (3) peripheral blood 
lymphoid cells were stimulated with a specific antigen, SKSD (Lederle, Pearl 
River, N.Y.) (200-300 U/ml, approximately lo- 15 pug protein/ml). After 5-7 days 
at 37°C the supernatants from lectin-stimulated normal cells were then collected by 
filtration through a Type A glass fiber filter and concentrated 50x by use of an 
Amicon concentrator using a PM-10 membrane. The lymphocytes from the MLC 
were collected by centrifugation and restimulated with 10 pg/ml Con A 
(concanavalin A, Sigma, St. Louis, MO.) for an additional 24 hr in serum-free media 
(10). These supernatants were then collected and immediately concentrated as 
described above. They were then rapidly fractionated by gel-filtration chromatog- 
raphy. The supernatants from lymphocytes stimulated by a specific soluble antigen 
were collected after 5 days, concentrated, and subjected to molecular sieving. 

Physical-Chemical Separation of LT 

The methods employed and columns used for gel-filtration chromatography 
(Ultrogel AcA-44, LKB, Uppsala, Sweden) were previously described (5). Briefly, 
2 ml of 50x concentrates of the various supernatants was applied to an Ultrogel 
AcA-44 column equilibrated in 10 mM potassium phosphate, pH 7.2, and lo-* M 
EDTA. Six-milliliter fractions were collected in a Gilson fraction collector at a flow 
rate of 24 ml/hr. All separatory steps were performed at 4°C as rapidly as possible. 

Lymphotoxin Assay 

Two types of assays were employed: One determined quantitatively the amount 
of LT activity present in a given supernatant, and one indicated qualitatively its 
presence or absence. The details of these methods have been reported previously 
(11). Briefly, lo5 target cells in 1.0 ml were established in 16 x 125-mm 
screw-capped tubes in RPMI-1640-S with or without 0.5 pg/ml mitomycin C. After 
24 hr incubation at 37°C in 5% COz, 95% air, the medium was discarded, and serial 
dilutions of LT-containing or control medium were added to duplicate tubes. After 
an additional 24-hr incubation at 37°C the medium was discarded, the monolayers 
were washed with PBS, and the remaining adherent cells were trypsinized and 
enumerated in a Model F Coulter counter. Units of LT activity per milliliter of a 
given supernatant are obtained by determining the reciprocal of the dilution killing 
50% of the target L cells. 

51Cr Release Assay 

Human lymphoblastoid cell lines, RPMI-1788, WI-2 (B-cell lines), and the 
myeloid cell line, K-562, were used as target cells in these assays. All reactions were 
carried out in round-bottom microcytotoxicity plates (Flow Laboratories, 
Inglewood, Calif.) containing a total volume of 0.2 ml. Radiolabeling of the 
RPMI-1788, WI-2, and K-562 cells were accomplished by addition of 51Na- 
chromate, 100 &i (305 mCi/mg, New England Nuclear, Boston, Mass.) to the cell 
suspensions ( lo7 cells/ml plus 100 ~1 51Cr), and by incubating them for l-2 hr at 37°C 
in serum-free RPMI-1640. 51Cr-Labeled RPMI-1788, WI-2, and K-562 cells were 
washed three times (8OOg for 5 min) with cold 10% RPMI-1640. Cells (5 x lo4 in 0.05 
ml) were added to microtiter wells containing various dilutions of LT classes from 
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the fractionated supernatants and were incubated at 37°C for 10 hr. The release of 
51Cr label was measured by uptake of cell-free supernatant with Titerteks 
Supernatant Collection System (Flow Labs) and quantitated in an automated 
gamma counter (Beckman, Fullerton, Calif.). The total 51Cr releasable was 
determined by the addition of 0.1 ml of 3% (w/v) sodium dodecyl sulfate solution 
(Sigma), which represented from 90 to 95% of the total counts. Spontaneous 51Cr 
release was 1-2%/hr from RPMI-1788, WI-2, and K-562 cells. 

Target cell destruction was determined with the following formula: 

% Lysis = 
experimental release - spontaneous release 

x 100. 
total release - spontaneous release 

All data are represented as the mean of triplicate samples. There was routinely no 
more than 5% difference between the triplicate samples. In certain experiments, 
antisera were employed, and the data, presented as inhibition of target cell lysis, 
were defined by: 

% Inhibition = 1 - 
(lysis in antiserum) 

x 100. 
(lysis in normal serum) 

Preparation and Use of Various Antisera 

The methods for production of immunogens, immunization, and specificity of the 
antisera have been previously reported (5, 12). 

A. Rabbit anti-human Fab’* IgG: Fab’, fragments were prepared from normal 
human IgG molecules by pepsin digestion, according to methods previously 
described (13). Antisera were obtained after repeated immunization of New 
Zealand White rabbits with Fab’, suspended in complete Freunds adjuvant (CFA, 
Difco, Detroit, Mich.). 

B. Goat anti-whole supernatant (anti-WS) and anti-ae-LT serum: Production and 
characterization of these antisera have been previously reported (6, 12). 

Anti-WS. Briefly, a goat was immunized with fresh whole unfractionated 
supernatants obtained from lectin (PHA-P)-activated human lymphocytes in 
serum-free medium in complete Freunds adjuvant by the method of Vaitakaitus et 
al. (14). This antiserum has been shown to effectively neutralize all presently 
known classes and subclasses of soluble human LT molecules in vitro. 

Anti-cqLTserum. A goat was immunized with DEAE fractions containing (r2-LT 
activity in CFA (5, 12, 14). 

All antisera were heat inactivated (1 hr, 56°C) and centrifuged 20,OOOg for 30 min 
before use. Neutralization of LT activity was performed by adding 5-100 ~1 of 
antiserum or normal goat (NGS) or normal rabbit serum(NRS) to a l-ml sample of 
supernatant or fraction, preincubating for 1 hr at 4”C, and then testing the remaining 
activity on various target cells (12). 

RESULTS 

I. Resolution of the Various MW Classes of LT Present in Supernatants from 
PHA-Activated Human Lymphocytes (SAL) by Gel-Filtration Chromatography 

Lymphocytes obtained from human adenoids were stimulated with 20 C.cg/ml 
PHA-P and cultured with 20 &ml BS for 5 days at 37”C, as described in the 
methods section. At the end of the culture period, the supernatants were 
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immediately collected by filtration through a Type A glass‘fiber filter, concentrated 
by ultrafiltration, and subjected to molecular sieving (Ultrogel AcA-44) (5). Shown 
in Fig. 1 is a cytotoxic elution profile of a 50 x SAL concentrate on L-929 cells. The 
elution profiles of the various MW markers in low-salt buffer (thyroglobulin, 
660,000; IgG, 150,000; hemoglobin, 64,000; cu-chymotrypsin, 23,000; and penol 
red, 364) are also indicated by the horizontal bars. It is clear that cytotoxic activity 
can be resolved into four major MW classes, termed complex (Cx, >200,000), 
(~(70,000-90,000), p,(25,000-50,000), and y, (lO,OOO-20,000). While the Cx LT 
class represents from 20 to 25% of the lytic activity in a fresh SAL concentrate, 
30-40% of the Cx class activity is labile to storage at 4°C and the remaining 
60-70% is stable over a period of 6 weeks. The CY class represents 50-60% of the 
lytic activity and is stable to storage at various temperatures (1,4, 5). The p class 
represents 20-40% of the lytic activity and is partially labile to storage at 4°C; that 
is, the p1 subclass is unstable and degrades rapidly (1, 7). The y class represents 
0- 10% of the lytic activity and is highly unstable to storage and handling at any 
temperature (3, 5). 

2. Studies Examining the Lytic Effectiveness of the Various LT MW Classes on 
Allogeneic Target Cells in Vitro 

The same fractions which were tested for cytotoxic activity on nondividing L-929 
cells (Fig. 1) were also assayed on two allogeneic cell lines (HeLa and Chang), as 

15- 
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3- 

1 

20 40 60 80 

Fraction no. 

FIG. 1. Chromatography of 5-day supematant from lectin-stimulated nonimmune lymphocytes (SAL) 
on Ultrogel AcA-44. Columns were equilibrated and eluted with 0.01 M phosphate containing 10m4 M 
EDTA. The elution profile of various molecular weight markers is indicated by horizontal bars. They 
are: thyroglobulin (Tg), 660,000; immunogiobuhn G (IgG), 150,000; hemoglobulin (Hb), 64,000; 
a-chymotrypsin (cuCt), 23,000; and phenol red (PR), 364. A 1.5ml sample of 50x SAL concentrate was 
chromatographed over a !JO-cm gel bed in a 2.5 x 120-cm column, and 100~~1 samples were tested from 
every other fraction for LT activity, as described in Materials and Methods. 
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FIG. 2. Chromatography of 5-day SAL on Ultrogel AcA-44. A 15ml sample of 50x SAL concentrate 
was chromatographed over a 90-cm gel bed in a 2.5 x 120-cm column, and 100- or 2004 samples were 
tested from every other fraction for LT activity on growing target cells as described in Materials and 
Methods. Elution profile of 50x SAL concentrate on (A) growing HeLa cells, (B) growing Chang cells, 
and (C), growing L-929 cells. 

well as on growing L-929 cells. These cells were established as monolayers in 
16 x 125mm test tubes at a density of IO5 cells/ml and 0.2 ml of each column 
fraction was assayed for 20-24 hr, as previously described in the methods section. 
Figures 2A, B, and C show the elution profile of the SAL concentrate assayed on 
growing HeLa, Chang, and L-929 cells, respectively. These studies indicate that the 
Cx class is more effective on allogeneic target cells than the other smaller molecular 
weight classes of LT when compared to L-929 cells. 

3. The Capacity of Lectin-Stimulated Immune Human Lymphocytes to Release the 
Various Classes of LT in Vitro as Assayed on L-929 Cells 

Lymphocytes obtained from human adenoids and peripheral blood were 
stimulated with: (1) a soluble antigen, SKSD; or (2) two different mitomycin 
C-treated human lymphoblastoid cell lines, RPMI-1788 and WI-2, at a ratio of 10: 1 
as described in the methods section. These supernatants were immediately 
concentrated and subjected to gel filtration. 

Figure 3A shows the elution profile of LT activity present in the SKSD- 
stimulated culture supernatant. Figures 3B and C show the elution profiles of LT 
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activity present in the MLC-lectin-stimulated culture supernatants from cells 
sensitized to RPMI- 1788 or WI-2 stimulator cells, respectively. It is clear from these 
elution profiles that there are four major molecular weight classes of LT released 
under these various conditions, with the y class being the broadest. 

,  t  1 I  1 1 

20 40 60 60 

2 
1 I , I 

20 40 60 I30 
fracrion no. 

FIG. 3. Elution profile of LT activity after gel-filtration chromatography (Ultrogel AcA-44) of antigen 
(SKSD) or MLC supernatants from immune-sensitized human lymphocytes as assayed on L-929 cells. 
(A) Peripheral blood mononuclear cells were obtained and stimulated with 10 &ml (200 units/ml) SKSD 
for 6 days at 37°C. Supernatants were collected, concentrated, and chomatographed over an Ultrogel 
AcA-44 column. Fractions were collected, and 100 ~1 was tested for LT activity on mitomycin C-treated 
L-929 cells in vitro. (B) Lymphocytes obtained from human adenoids were stimulated with the 
mitomycin C-treated human lymphoblastoid cell line RPMI-1788 at a ratio of l&l, as described in 
Materials and Methods. Supernatants were collected, concentrated, and chromatographed over an 
Ultrogel AcA-44 column. Fractions were collected, and 100 ~1 was tested for LT activity on mitomycin 
C-treated L-929 cells in vitro. (C) Lymphocytes obtained from human adenoids were stimulated with the 
mitomycin C-treated human lymphoblastoid cell line WI-2 at a ratio of 10: 1, as described in Materials and 
Methods. Supematants were collected, concentrated, and chromatographed over an Ultrogel AcA-44 
column. Fractions were collected, and 100 ~1 was tested for LT activity in mitomycin C-treated L-929 
cells in vitro. 
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4. Relative Lytic Effectiveness of Various MW LT Classes from Lectin-Stimulated 
Immune or Nonimmune Human Lymphocytes Measured on Yr-Labeled 
Allogeneic Target Cells in Vitro 

Previous studies have shown that LT activity present in supernatants from 
lectin-stimulated human lymphocytes could be inhibited by anti-Fabrz serum (8). 
This suggested that some form of LT molecule(s) can be associated with an Ig or 
Ig-like antigen-binding receptor(s). Further biochemical studies revealed associa- 
tion with Ig receptors was a property of the high/MW LT complex class. It has been 
shown that LT complexes obtained from soluble antigen (SKSD, tetanus toxoid)- or 
cellular antigen (allogeneic cells)-stimulated immune human lymphocytes in vitro 
had a very high degree of specific antigen-binding activity (9). Thus, we decided to 
test the relative lytic effectiveness of various LT classes obtained from 
lectin-stimulated immune or nonimmune human lymphocytes. Human lympho- 
cytes were stimulated in a one-way MLC against the allogeneic stimulator cells, 
RPMI-1788 or WI-2, as described in the methods section. After 5 days, these 
immune lymphocytes were collected, washed, and stimulated with Con A for an 
additional 24 hr; the supernatants were then collected, concentrated, and subjected 
to molecular sieving. Supernatants obtained from lectin-stimulated nonimmune 
lymphocytes were collected in a similar manner. The Cx, (Y, and /3 classes were 
collected, as shown by the horizontal bars in Figs. 1,3B, and 3C. In these studies, 
we employed LT molecules of the cr class that elute in the 70,000 to 90,000 MW 
range (termed a light or (~3. These fractions were immediately pooled, 
concentrated, and tested for their lytic activity on Yr-labeled RPMI-1788, WI-2, or 
K-562 cells and quantitated for units of lytic activity per milliliter on L-929 cells. 
Table 1 shows the actual percentage isotope release from SICr-labeled allogeneic 
target cells along with the units of LT activity per milliliter as assayed on 

TABLE 1 

Percentage slCR Release from Allogeneic Target Cells Induced by Various MW Classes of LT Obtained 
from Lectin-Stimulated Immune and Nonimmune Human Lymphocytes in Vitro 

Experiment LT class” 

LT activity, 
L-929 cellsb 
(units/ml) 

Lysis of WI-2, 
target cellsC 

loo /Ll 50 /Ll 

Lysis of RPMI- 
1788, target cells’ 

loo /,&I 50 &Ll 

1 cx (Iw) 35 f  3 
Cx (NI) 60 f  4 
f f  (W 100 f  6 
a WI) 200 f  8 

2 Cx (Ir) 
Cx (NI) 
a W 
a WI) 

20 f  2 
loo f  5 
200 IL 6 
20027 

4422 35 2 3 - - 
29 ” 1 3 + 0.5 - - 
16 rt 4 9.5 k 2 - - 
2223 8~2 - - 

- - 32 ” 4 39 + 3 
- - 73 f  6 30 2 2 
- - 5Ok4 17k3 
- - 46 k 5 23 2 4 

a Various MW LT classes were obtained from fractioned supematants derived from lectin-stimulated 
nonimmune (NI) or immune (I) human lymphocytes sensitized by MLC with human lymphoblastoid 
cell lines RPMI-1788 (Ir) or WI-2 (1~). 

b Represents the units of LT activity for each class as assayed on L-929 cells. 
c Percentage 51Cr release with various dilutions of each class of LT assayed on allogeneic target cells 

in a lO-hr 51Cr release assay as described in the methods section. 
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xenogeneic L-929 cells for two out of six similar experiments. Since the units of LT 
activity in a given fraction varied, we expressed the effectiveness of that fraction as 
a ratio of the percentage 51Cr release from the allogeneic target cells to the units of 
LT activity on L-929 cells, by the following formula: 

% 51Cr release per unit of LT activity 

percentage 51Cr release 

= (LT units/p1 on L cells) (~1 added to 51Cr-labeled allogeneic targets) 

The ratio represents the percentage 51Cr release per unit of LT activity. The results 
of six separate experiments expressed in this fashion are shown in Table 2. These 

TABLE 2 

Comparison of the Relative Lytic Effectiveness of Various MW LT Classes Obtained from 
Lectin-Stimulated Immune or Nonimmune Human Lymphocytes on 5*CR-Labeled 

Allogeneic Target Cells in Vitro 

% 51Cr release per unit of LT activity on 
allogeneic targets’ 

LT activity, RPMI- 1788 WI-2 K-562 
L cells* 

Experiment LT class” (units/ml) 100 /d 50 Fl 100 CL1 50 PI lOO/.d 50 *I 

1 Cx (Ir) 
Cx (NI) 
Q W 
a WI) 

2 cx (Iw) 
Cx (NI) 
a (Iw) 
a WI) 
P uw 

3 Cx (lr) 
Cx (NI) 
a W 
a WI) 
P W 

4 cx (Iw) 
Cx (NI) 
f f  (I-9 
a WI) 

5 Cx (Ir) 
Cx (NI) 
a (10 
a WI) 
P (16 

6 Cx (Ir) 
Cx (NI) 
(Y Ur) 
a WI) 

0.02 
0.02 
0.05 
0.10 

0.03 
0.065 
0.10 
0.20 
0.07 

0.01 
0.04 
0.20 
0.40 
0.10 

0.035 
0.06 
0.10 
0.20 

0.01 
0.04 
0.20 
0.40 
0.10 

0.02 
0.10 
0.20 
0.20 

10 5 
2.5 0 
0 0 
0.8 0.6 

1 0.8 
0.75 0 
0 0 
- - 
0 0 

13 - 
5.5 - 
1.5 0.8 
0.03 0.85 
- - 

- - 
- - 

15 24 
4.7 2.5 
0.27 0.25 
0.16 0.10 
1.07 0.7 

16 39 
7.3 6 
2.5 1.7 
2.3 2.3 

4 8 0.7 17 
9.5 16 17.5 35 
2 0.1 1 0 
1.4 3.6 1.5 3 

5.4 6.8 - - 
2.2 1.1 - - 
0.15 0.06 - - 
0.61 0.21 - - 
0 0.2 - 

- 
- 
- 

- 

12.6 
4.9 
1.6 
1.1 

- 
- 
- 
- 
- 

20 
2.1 
1.9 
0.8 

9.7 24 
7.5 30 
0.15 0.25 
0.45 0.20 
0.40 0.32 

- - 

- 

- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 
- 

- 
- 
- 
- 

- - 
- - 

- - 
- - 
- - 
- 
- - 

- - 
- - 
- - 
- - 

“--r As described in Table 1. 
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TABLE 3 

Relative Lytic Effectiveness of Immune and Nonimmune LT Complex Tested on Specific 
Sensitizing Allogeneic Target Cells, RPMI-1788 and WI-2, in Vitro 

Cx(I)/Cx(NI)* 

Experiment Complex” loo CL1 50 /kl 

1 Cx (Ir) 4 >5 
2 cx (Iw) 2.5 6.2 
3 Cx (Ir) 2.36 - 
4 cx (Iw) 2.57 9.5 
5 Cx (Ir) 3.19 9.6 
6 Cx (Ir) 2.19 6.5 

a Complex LT obtained from supematants derived from lectin-stimulated immune lymphocytes 
sensitized by MLC. Ir, Sensitized to RPMI-1788; Iw, sensitized to WI-2. 

* Ratio of percentage 51Cr release per unit of immune complex to units of nonimmune complex 
assayed on the specific sensitizing target cells, as described in Results. 

data indicate that in all cases, the Cx class, whether from lectin-stimulated immune 
or nonimmune cells, is from 5 to 100 times more lytically active on allogeneic cells 
per unit of LT activity than the CY or /3 classes. In addition, all experiments show that 
the LT complex obtained from MLC-sensitized lymphocytes had enhanced lytic 
activity against the stimulator targets when compared to complex from 
lectin-stimulated nonimmune cells. Furthermore, the data in Table 2 also show that 
the myeloid cell line, K-562, is highly nonspecifically sensitive to all forms of LT 
complexes. The relative effectiveness of Cx from MLC-sensitized cells compared 
to that of the Cx derived from nonimmune cells is best visualized by comparing the 
ratio of 51Cr release per unit of LT activity of these two fractions on the sensitizing 
target cell. These data abstracted from Table 2 and shown in Table 3 reveal that the 
immune Cx is 2- 10 times more effective on the specific sensitizing target cells than 
that nonimmune Cx. In addition, when these same complexes were assayed on the 

TABLE 4 

The Effectiveness of LT Complexes Obtained from MLC-Sensitized Human Lymphocytes on the 
Sensitizing and Nonrelated 51CR-Labeled Allogeneic Target Cells in Vitro 

Percentage 51Cr 
release/unit of 

LT complex obtained Amount LT activity* Ratio of percentage Vr release on 
from cells tested sensitizinglnonsensitizing 

Experiment sensitized toa (/.a RPMI- 1788 WI-2 target cellsc 

1 RPMI- 1788 100 10 4 2.5 
50 5 8 0.62 

2 WI-2 100 1 5.4 5.4 
50 0.8 6.5 8.5 

a As described in Table 3. 
* As described in Table 1. 
c Ratio of percentage 51Cr release per unit of immune complex to units of nonimmune complex as 

assayed in the specific sensitizing target cell versus the nonsensitizing target cell. 
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specific sensitizing cell and a nom-elated cell, they were from 0 to 8 times more 
effective on the specific sensitizing target than the nom-elated cell. The data from 
two experiments are shown in Table 4. 

5. Inhibition of Human LT Complex-Mediated Lysis of Allogeneic Target Cells by 
Heterologous Anti- WS, Anti-a2-LT, and Anti-Fab’, Sera in Vitro 

Previous physical and immunological studies have shown that the complex class 
is composed of the smaller MW LT classes (6,8). This was shown by the ability of 
various anticlass and subclass sera to inhibit LT complex activity on L-929 cells in 
vitro (6). Furthermore, it has been shown that the complex LT class is partially 
neutralized by anti-Fab’, serum (8). The various complexes were incubated with 
dilutions of test antiserum or control serum for 1 hr at 4°C and then tested for their 
lytic activity on 51Cr-labeled allogeneic target cells. The data from Table 5 show that 
anti-WS and anti-cr,-LT sera inhibit lysis induced by all forms of complexes. In 
addition, anti-Fab’, serum inhibits from 40 to 60% of lysis by immune complex; 
however, it does not neutralize the nonimmune complex lytic activity. 
Furthermore, previous studies have shown that these anti-LT sera are neutralizing 
LT molecules directly, because no loss of neutralizing activity was seen when these 
sera were absorbed with: (a) human sera; (b) bovine sera; and (c) target cells (12). 

DISCUSSION 

Experiments with fractions obtained from molecular sieving columns revealed 
that the different MW LT classes present in lectin-activated human lymphocyte 
supernatants possess different in vitro cell-lytic capacities. This was first evident 
when the same LT-containing fractions obtained from molecular sieving columns 
were tested for cell-lytic effects on monolayer cultures of Chang, HeLa, 
and L-929 cells in a 16- to 24-hr assay. Nondividing L-929 cells were sensi- 
tive to all four MW LT classes, while dividing L-929 cells were generally less 
sensitive to all the classes. In contrast, the identical volumes from the same 
fractions, when tested on allogeneic cells, revealed that these cells are more 

TABLE 5 

Inhibition of Human LT Complex-Mediated Lysis of S*CR-Labeled Allogeneic Target Cells 
by Heterologous Anti-human LT Sera 

Serum 
tested” 

Percentage Percentage Percentage 
lysis of lysis of lysis of 

WI-Z targets Percentage WI-2 targets Percentage RPMI-1788 Percentage 
by Cx (Iw) inhibition’ by Cx (NI)” inhibition’ by Cx (Ir)b inhibition’ 

Control normal 8.6 2 1 0 19 ‘- 2 0 11.8 t 1.5 0 
Anti-WS 0 100 4tl 78 0 100 
Anti-cY,-LT 0.6 5 1 93 3 + 0.7 84 0 100 
Anti-Fab; 3.2 _’ 0.6 62 19 2 2 0 7.2 t- 0.8 39 

(1 25 ~1 of serum was added to 100 ~1 of immune or nonimmune complex for 1 hr at 37°C and then 
target cells were added in a IO-hr 51Cr release assay as described in Table 1. 

h Complex LT obtained from supernatants of lectin-stimulated immune or nonimmune lymphocytes 
and assayed against the 51Cr-labeled sensitizing allogeneic target cells as described in Table 1. 

c Percentage inhibition of lysis was calculated from values of percentage lysis for control serum or 
antiserum at identical serum concentrations, as described in the methods section. 
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sensitive to material(s) eluting in the void volume or in the region of the high-MW 
LT class. 

Because of the above results, we sought to find a means to more quantitatively 
compare the cell-lytic capacity of the various MW human LT forms on various 
target cells in vitro. Since we had limited quantities of these materials, it is not 
possible at this time to compare units of cell-lytic activity on a weight basis. We 
decided to standardize 51Cr release from a variety of cell types to the cell-lytic 
activity in units per milliliter on L-929 cells. We chose to standardize on L-929 cells 
for the following reasons: (a) These cells are sensitive to all presently known human 
LT classes (1,3,5); (b) they have been uniformly employed as targets in the studies 
of human LT by other investigators (1, 1% 19); and (c) Relatively quantitative and 
standardized LT assays have been developed employing this cell line (11, 18). 
However, for these standardizations to be made, we have assumed that L-929 cells 
are uniformly sensitive to all classes of LT. This may not be the case, for 
preliminary studies suggest that the complex is also more effective on L-929 cells 
than the smaller MW forms. If this is the case, it would suggest that the complex is 
more effective than the present data show. The units of LT activity for each 
separate set of supernatants and fractions were determined by the LDso dilution 
technique (11, 18). In addition, to control for variations in target L-cell sensitivity, 
standard lots of LT were frequently tested during the course of these experiments. 
All technical procedures were coordinated in such a fashion to permit little or no 
delay between supernatant collection, fractionation, and testing on all target cells. 
The procedures minimized variability due to loss of activity of unstable LT classes. 

The fractions containing the LT complex class are more effective than the (r-LT 
MW class in causing nonspecific lysis of different allogeneic target cells in vitro. 
Complex and (Y-LT classes were rapidly isolated by molecular sieving from fresh 
lectin-stimulated human lymphocyte supernatants, and the units of activity in each 
fraction determined on L-929 cells. Various amounts of these same fractions were 
then tested for lytic activity on suspension cultures of 51Cr-labeled allogeneic target 
cells in a lo-hr microplate assay. The units of LT activity in a fraction detectable on 
L-929 cells were compared to percentage 51Cr release on other allogeneic target 
cells. We found in six separate studies that complex-containing fractions were from 
5 to 100 times more effective in causing 51Cr release than either the a- or P-LT 
classes. However, the smaller MW classes can cause significant levels of 51Cr 
release when employed at high levels. These studies also revealed that the K-562 
human myeloid cell line, while quite resistant to the CY- and P-LT classes, is more 
sensitive to the human complex LT forms than the other two lymphoblastoid cell 
lines tested. It appears, as with the nonspecific sensitivity of the L cells to the 
small-MW LT forms, that other cell types may express an enhanced nonspecific 
sensitivity to the different high-MW forms of human LT in vitro. 

Since it has been demonstrated that LT complex forms can be associated with an 
antigen-binding receptor(s), it was of importance to determine if the lytic capacity 
of these complexes could be specifically directed by such a receptor(s) (8, 9). 
Previous studies employing identical culture conditions and sensitizing target cells 
revealed that MLC-sensitized human lymphocytes released LT complexes 
containing antigen-binding receptor(s) specific for the sensitizing target cells. The 
present studies indicate that lectin-stimulated, MLC-sensitized human lympho- 
cytes can release complex LT forms that can cause enhanced lysis of specific 
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sensitizing cells. We found that the LT complex class from immune cells is 2 to 10 
times more lytically effective per unit of LT activity on specific lymphoblastoid 
target cells than the complex obtained from lectin-stimulated nonimmune cells. 
While these immune complexes were more effective on the specific lymphoblastoid 
target cell, they were even more effective in a nonspecific fashion on the K-562 
myeloid cell. This observation again indicates that K-562 is uniquely sensitive to LT 
complexes whether from lectin-stimulated immune or nonimmune lymphocytes. 
We employed a secondary lectin stimulation in cultures of MLC-sensitized cells as 
a technical means of increasing the levels of detectable LT activity. However, we 
can detect levels of LT activity in primary MLC cultures, but these levels are too 
low to permit biochemical separations. 

It was important to determine the nature of the material(s) present in these 
high-MW fractions which could induce cell lysis in vifro. While there are several 
possibilities, LT molecules present in the complex form are likely candidates for 
this activity. That these complexes contain the smaller MW LT forms was 
previously demonstrated by physical-chemical and immunological criteria (6, 8). 
Previous studies revealed that the smaller MW a-like LT forms could be dissociated 
from the complex under conditions of high ionic strength and, more important, that 
antisera directed against the smaller MW LT classes or subclasses could strongly 
inhibit the lytic activity of the complex when tested on L-929 cells in vitro. 
Furthermore, the unique reactivity of complex with heterologous anti-human Fab; 
serum demonstrated that complex LT forms could also associate with Ig or Ig-like 
receptor(s). There are two possible functions which the Ag-binding receptor 
present in these high-MW fractions could assume: (a) They could be directly 
cytotoxic themselves; or (b) They could focus or direct lysis mediated by LT 
molecules. The neutralization of complex activity by anti-Fab& serum cannot 
distinguish between these two possibilities but clearly indicates that the receptor 
participates in the lytic event. However, neutralization of this activity with 
anti-cr,-LT serum which does nor react with Ig indicates the participation of LT 
molecules in association with nontoxic Ig. In the present study, we found that lysis 
of 51Cr-labeled allogeneic target cells by materials present in these high-MW 
fractions was totally inhibited by heterologous anti-WS and anti-a, antisera, both 
potent inhibitors of soluble LT activity in vitro. Furthermore, the anti-a,-LT serum 
used in this study could not be shown by gel-diffusion analysis to react with human 
serum proteins (i.e., Ig or C’ components). Irrespective of this finding, this serum 
was passed through affinity columns (Sepharose 4B) containing covalently linked 
human and bovine serum proteins. This procedure affected the capacity of this 
serum neither to inhibit soluble LT activity in vitro nor to neutralize the lytic 
activity of the LT complexes employed in this study. The data strongly support the 
concept that lysis of %r-labeled allogeneic cells in this system is due to high-MW 
complexes containing smaller MW forms of LT. 

Whether the small-MW LT forms are the actual cell-lytic materials in the LT 
complex class is not clear. The present studies indicate the small-MW forms (a, p, 
and y) by themselves are much less effective than the complex LT class on 
allogeneic target cells. The more effective cell-lytic capacity of the complex forms 
in vitro could be due to a number of different mechanisms. One possibility is that the 
smaller MW subunits may be focused or nucleated at a discrete cell membrane site 
and thus become more effective at a high local concentration. Another possibility is 
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that together these molecules induce cell lysis by a completely different mechanism 
than that induced by the smaller MW subunits alone. It is conceivable that these 
complexes destroy cells in a fashion somewhat similar to the C’ system; namely, the 
interaction of nonlytic or weakly lytic subunits results in the formation of a highly 
lytic high-MW complex (20,21). The present data indicate that one way to focus or 
localize LT molecules at a discrete site is to associate via a second molecule with an 
antigen-binding receptor(s). Additional studies at the molecular level will be 
required to determine answers to these questions. 

The complex LT forms detectable in a lymphocyte supernatant are heterogene- 
ous. At present, we have evidence to indicate that they may contain at least three 
separate components: (a) an antigen-binding receptor(s); (b) a condensing molecule 
with a receptor(s) for the various LT subunits; and (c) the various LT subunits 
themselves (6, 8, 9). Not all complex forms in a given supernatant contain an 
antigen-binding receptor(s). Moreover, they may be composed of different 
combinations of LT subunits. Studies with purified cell populations and different 
activating agents are under way to determine if some of this heterogeneity reflects 
the capacity of different lymphoid cell types to assemble various LT subunits with 
antigen-binding receptors into various complexes. 

The studies in this series of manuscripts collectively support the concept that 
human lymphotoxin molecules comprise a system of cell toxins. These findings 
have certain analogies with other cell-lytic systems, i.e., complement and various 
bacterial toxins. Certain of these latter systems cause cell lysis by mobilization and 
focusing of relatively nonlytic subunits into highly lytic complexes, usually on the 
surface of the target cell(s) (22). The lytic capacity of the complexes is directed by 
the physical location and type of material around which they nucleate. The 
complement system is more complex, for various soluble nonlytic subunits can 
nucleate or be focused in the traditional pathway by an antigen-antibody reaction. 
However, there are alternative ways to activate the complement cascade and 
bypass the earlier specific step(s) (23). Elucidation of the molecular events leading 
to the formation of LT complexes and the composition of these complexes will 
require further study. 

The emerging biochemical and functional features of this system of cell-lytic 
molecules make them attractive as potential effecters of cell-lytic CM1 reactions. 
Especially since recent evidence indicates very similar molecular forms can be 
released by activated lymphoid cells from a number of different animal species 
(24-27). The construction of detailed models of how these molecules could be 
employed by lymphoid cells to cause lysis, at this time, is premature. However, it is 
not too difficult to envision that weakly active subunits could be synthesized and 
transported without damage to the effector cell, then somehow nucleated on the 
target cell, perhaps around a receptor(s), to form highly active cell-lytic complexes. 
The complexes free in the supernatant may rapidly dissociate into weakly active 
subunits and be effectively disarmed so as to restrict its effective range to local 
intracellular microenvironments. 

ACKNOWLEDGMENTS 

The authors are grateful to St. Joseph’s Hospital, Orange, California, for providing human tissue 
samples. We also thank Gloria Stangl for preparation of this manuscript, and L. T. Furbrush for his 
excellent technical assistance. 



ENHANCED LYSIS BY HIGH-MW LT COMPLEX 275 

REFERENCES 

1. Walker, S. M., Lee, S. C., and Lucas, Z. J., J. Immunol. 116, 807, 1976. 
2. Lee, S. C., and Lucas, Z. J., J. Immunol. 117, 283, 1976. 
3. Hiserodt, J. C., Prieur, A. -M., and Granger, G. A., Cell. Immunol. 24, 227, 1976. 

4. Hiserodt, J. C., and Granger, G. A., Cell. Immunol. 26, 211, 1976. 
5. Granger, G. A., Yamamoto, R. S., Fair, D. S., and J. C. Hiserodt, Cell. Immunol. 38, 388, 1978. 
6. Yamamoto, R. S., Hiserodt, J. C., Lewis, J. E., Carmack, C. E., and Granger, G. A.. Cell. 

Immunol. 38, 403, 1978. 
7. Hiserodt, J. C., Fair, D. S., and Granger, G. A., J. Immunol. 117, 1503, 1976. 
8. Hiserodt, J. C., Yamamoto, R. S., and Granger, G. A., Cell. Immunol. 38, 417, 1978. 
9. Hiserodt, J. C., Yamamoto, R. S., and Granger, G. A., Cell. Zmmunol. 41, 380, 1978. 

10. Lewis, J. E., Yamamoto, R. S., Carmack, C., Lundak, R. L., and Granger, G. A., J. fmmunol. 

Merhods 11, 371, 1976. 
11. Spofford, B., Daynes, R. A., and Granger, G. A., J. Immunol. 112, 2111, 1974. 
12. Lewis, J. E.. Carmack, C. E., Yamamoto, R. S., and Granger, G. A., J. Immunol. Methods 14, 163, 

1977. 
13. Williams, C. A., and Chase, M. W. (Eds.), In “Methods in Immunology and Immunochemistry,” 

Vo. 1, ~442. Academic Press, New York, 1967. 
14. Vaitakaitus, J., Robbins, J. B., Nieshlag, E., and Ross, G. T., J. C/in. Endocn’nol. 33, 988, 1971. 
15. Williams, T. W., and Granger, G. A., Cell. Immunol. 6, 171, 1973. 
16. Rosenau, W., Goldberg, M. L., and Burke, G. C., J. Immunol. 11, 1128, 1973. 
17. Hessinger, D. A., Daynes, R. A., and Granger, G. A., Proc. Nat. Acad. Sci. USA 11,3082, 1973. 
18. Walker, S. M., and Lucas, Z. J. Immunol. 109, 1223, 1972. 
19. Jeffes, E. W. B., and Granger, G. A., J. Immunol. 114, 64, 1975. 
20. Kolb, W. P., and Muller-Eberhard, H. J., J. Exp. Med. 141, 724, 1975. 
21. Kolb, W. P., Hoxby, J. A., Arroyave, C. M., and Muller-Eberhard, H. J., J. Exp. Med. 138, 428, 

1973. 
22. Collier, J. R., Bacterial. Rev. 39, 54, 1975. 
23. Muller-Eberhard, J. H., Annu. Rev. Biochem. 44, 697, 1975. 
24. Hiserodt, J. C., Tiangco, G. J., and Granger, G. A., in press. 
25. Hiserodt, J. C., Tiangco, G. J., and Granger, G. A., in press. 
26. ROSS, M. W., Tiangco, G. J., Horn, P., Hiserodt, J. C., and Granger, G. A., in press. 
27. Hiserodt, J. C., Tiangco, C. J., and Granger, G. A., submitted. 




