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In Vitro Lymphocyte Cytotoxicity 

I. Evidence of Multiple Cytotoxic Molecules Secreted by Mitogen 

Activated Human Lymphoid Cells in Vitro * 
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suggested to be the active component involved in cellular immune tissue destruc- 
tive reactions, such as tumor immunity and allograft rejection (1). The activities 
associated with LT have suggested that it is a relatively heat stable, trypsin sensitive 
protein(s) whose physico-chemical properties are currently under much investiga- 
tion. 

There are numerous reports as to the nature of material(s) with human LT 
activity derived from mitogen stimulated lymphoid cells or continuous human 
lymphoid cell lines. The majority of investigators find a proteinaceous molecule of 
90,000 MW with an electrophoretic migration similar to a slow beta or fast serum 
gamma globulin (1, S-1 1). H owever, several investigators have reported multiple 
peaks of cytolytic activity detectable in these same supernatants (12-14). The 
present manuscript supports the latter observations and further defines the existence 
of multiple members of the intracellular and secreted LT family of human lympho- 
cyte effector molecules. 

MATERIALS AND METHODS 

Target ~~11s and cultztrc media. Stock cultures of mouse alpha L-929 fibroblasts 
were used as target cells (1.5). These cells were maintained in 32 oz prescription 
bottles in 95% air, 5% CO% and passed biweekly. Culture media consisted of 
minimal essential media with Hanks salts, supplemented with 370 heat inactivated 
(56”, 60’) fetal calf serum (Microbiological Associates, Bethesda, Md). 0.2 pg/ml 
glutamine, penicillin ( 100 U/ml), and streptomycin (100 pg/ml) (MEMS). 

Ly~~zplzocytc cultures. Suspensions of human small lymphocytes from tonsils or 
adenoids were obtained within G8 hr of surgical removal from normal children, 
as previously described (16). Lymphocyte suspensions were adjusted to 4 x 10” 
viable cells/ml in 32 oz prescription bottles using MEMS and incubated for either 
1, 3 or 5 days in 95% air, 5% CO2 at 37°C. Activation of the lymphocytes was 
effected by the addition of phytohemagglutinin-P (PHA-P, Difco Laboratories, 
Detroit, Mich.) at 20 pg/ml or concanavalin A (Sigma, St. Louis, MO.) at 2 

t-&11. 
Lymphocytes from defibrinated freshly drawn peripheral blood were obtained 

by gravity sedimentation in 3% gelatin (Sigma, St. Louis, MO.) at 37°C. The 
lymphoid cells from ‘this procedure were then further purified on a density gradient 
using ficoll-hypaque. Microscopic observation routinely showed 90-95s lympho- 
cytes having 95-1007 o viability by Eosin Y dye exclusion. Cultures of peripheral 
blood lymphocytes were set up identical to those for ,tonsils or adenoids. 

Lpplzocytc sztpcmatants. Culture supernatants were collected by centrifugation 
at 400~ for 10 min, followed by filtration through a 0.45 p millipore filter. Super- 
natants were stored at -70°C until used. Crude supernatants were concentrated 
by ultrafiltration on Amicon filters (Amicon Corp., Lexington, Mass.) using a 
PM10 membrane. This retains all materials having molecular weights greater 
than 10,000 daltons. Day 1 supernatants were routinely concentrated 20 to 40X, 
day 3-10 to 20x, and day 5-less than 10~. 

Cyfotoxicity assays. Lymphotoxin (LT) was assayed in crude or concentrated 
supernatants by determining the percent survival of mitomycin C treated target 
cells as previously reported (17). Rriefly, L cells were established as monolayers 
in screw capped tubes at a concentration of 10” cells in 1.0 ml in the presence of 0.5 
pg/ml mitomycin C (Sigma, St. Louis, MO.). Following overnight incubation at 
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when smaller volumes, i.r., 1 to 2 nil of these same SAL supernatants were &ron~:~- 
tographed, nmltil~le peaks of J,T activity were observed. Shown in Fig. 113 is the 
elution profile of a 2.0 ml 25X concentrated SAL obtained 16 hr after PI-IA 
stinmlation. The first peal\- of LT activity alq)ears just in front of the GSA Inarker 
at a MW of about 8%90,000 tlaltons. Howe\-er, a second peak was observed which 
elutes with the ovall~uinin marker indicating a iV\?l: of alq~roxinmtely 50,000 
tlaltons. In addition, a new peak of activity was detected eluting from the column 

just behind the myoglobin marker, indicating a size between 10,000 and 15,000 
daltons. To facilitate further studies, we termed these peaks LT1, LTZ and LTB, 
respeotively. These results have been repeated in mmerous experiments. ‘\;\‘e have 
also noticed on occasion, during chromatogralhy of other SL4Td, variable levels of 
toxic activity eluting in the void ~olunie with the blue tlextran marker. JVe believe 
this activity to be due to LT aggregates, as were similarly seen by 13oulos, et al. 

(12). In contrast, Fig. 1A shows that chromatography of 30X concentrated 
control media containin g PHA ant1 FCS showed no toxic peaks, as previously 
reportetl (8, 18). It is inq~ortant to note that niaxinmm resolution of these niultil~le 
LT activities will be obtained by : 1) testing column fractions at the correct con- 
centration in the bioassay, and 2) only alqdyin, w small volun~es to the colui~iii to 
minimize peak overlap due to diffusion. 

A Colibratmn 

B Ademds I6 hr 

hr- 
1-- 3 .~ L_L_ 

30 40 50 60 70 80 90 

Fractm Number 

FIG. 1. Gel filtration chromatography of SAL collected after 16 hr from PHA-stimulated 
human adenoid lymphocytes ilz z~itro. A. Column Calibration: Markers were suspended in a 
total volume of 2.0 ml PBS/SPF and eluted with reverse flow on a 2.5 X 100 cm Sephadex 
G-150 column. Markers employed were 6 mg each of bovine serum albumin (BSA), ovalbumin 
(Oval) and myoglobin (Myog) or cytochrome C (Cyt C) plus 0.1 ml of a blue dextran 
(B.D.) and phenol red (P.R.) solution. Also shown is a media control in which MEMS 
containing 20 @g/ml PHA-P and 3% FCS was concentrated 30X and 2.0 ml applied to the 
column. Column fractions were collcctctl and 0.2 ml assayctl for toxic activity. R. Chroma- 
tography of 2.0 ml of 25X conccntratc from SAI. taken after 16 hr of PHA stimulation. 
Column fractions were collected, sterile filtered and assayed iu duplicate for LT activity by 
adding 0.2 ml to a 1 ml preestablished L-cell monolayer as described in Methods. 
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A Tonsils 18 hrs 
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Fraction Number 

FIG. 2. Sephadex chromatography of SAL obtained from PHA-stimulated human tonsil 
lymphocytes after 1, 3, and 5 days in culture. A. SAL were obtained after 18 hr of PH,4 
stimulation, concentrated 25X, and 2.0 ml applied to the column. Column fractions were 
collected, filter sterilized, and 0.2 ml assayed for LT activity. Vertical bars represent error in 
cell counts from duplicate tubes. B. Same as A, except SAL were collected after 3 days of 
stimulation and 2.0 ml of a 10X concentrated sample was chromatographed. Fractions were 
collected, and 0.2 ml assayed for LT activity. C. Same as A, except SAL were collected after 
5 days of stimulation, and 2.0 ml of unconcentrated sample was chromatographed. Fractions 
were collected, and 0.2 ml assayed for LT activity. 

matography. The results shown in Figs. 2A and 3 indicate that within 24 hr, both 
mitogens will induce human tonsil lymphocytes to secrete LTI and LTZ. LT.?, 
however, was not detected in SAL produced by Con-A stimulation. 

TABLE 1 

Additivity of Pooled Fractions of LTI and LT, When Assayed 
on Alpha L-929 Target Cells 

LT Fractions 

1007, LTI 
10070 LTz 
SO/SO LTI/LT~ 

Activity (Unit/ml) 

63 f 2 
31 f2 
44 f 3 

Pooled fractions of LT, and L1.1 were obtained from the column shown in Fig. 1B. Pool 1 (LTI) 
was concentrated 5 X from an initial volume of 45 ml and Pool 2 (LT2) was concentrated 5 X from 
an initial volume of 60 ml, using an Amicon Ultratilter and a PM10 membrane. Toxicity was 
assayed as described in Methods. 



t -! 
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FIG. 4. Chromatography of homogenates from 3-day cultures of PHA-activated tonsil lymphu- 
cytes. Tonsil lymphocytes (1.5 X 10’) were established in culture at 4 X 10” cells/ml and 
stimulated with PHA-P. After 72 hr at 37”C, the cells were collected, washed with 150 ml 
PBS, resuspended in 10 ml MEM, and sonicatcd as described in Materials and Methods. The 
homogenate was clarified by centrifugation at 15,OOOg, 15 min and the supernatant collected 
and concentrated 3-fold. 2.0 ml was applied to the sephadex column and fractions were collected 
and 0.2 ml assayed for LT activity. 

were also collected, filter sterilized, and tested. The results of ‘these experiments are 

shown in Table 2. Unstimulated (day 0) cells have very low levels of intracellular 
toxic activity, however, within 24 hr after stimulation, the levels in an identical 
number of cells have increased 400-fold. The in,tracellular toxic activity increases 
another IO-fold LIP to day 3 and by day 5, decreases below the levels seen on day 1. 
However, the total toxic activity in the supernatant continues to rise to a very 
high level on day 5. Experiments were also performed to be sure that the observed 
intracellular toxic activity was not due to contamination by cell bound activity. 
Before the cells were disrupted, they were washed extensively (using up to 300 ml 
PBS) and the total cytotoxic activity in the last washing was tested. These results 
(Table 2) show that total intracellular toxic activity ranges from G to 30 times 
higher than the activity in the last washing. 

We also designed experiments in at’tempts to demonstrate that the observed 
intracellular cytotoxic activity was not due to nonspecific cytolytic material(s) 
unrelated to LT, i.e., lysosomal enzymes. JVe homogenized similar numbers of 
alpha L-cells and HeLa cells with the cell numbers adjusted to equivalent cell 
volume rather than cell number, considering the diameters of these cells to be 20 
and 15 microns, respectively. In no case was nonspecific toxicity evident when L-cell 
or HeLa cell homogenates were assayed on L-cell monolayers (Table 3). 

In addition, previous studies revealed that human LT-induced cytolysis of 
L-cells in z&o has a very sharp temperature optimum, i.e., 9.5% inhibited by a 
shift from 37”-34°C (1s). Jl:e tested the activity of intracellular cytotoxicity from 
the day 0 unstimulatetl lymphocyte homogenates at both the permissive (37°C) 
alld nonpermissive (34°C) temperatures and found it was virtually totally inhibited 
at 33°C (Table 3). The intracellular toxicity of l- and 3-day PHA-stimulated 
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TABLE 3 

Toxicity of 1rnstimulate(l Lymphocyte and Non-lymphoicl G*ll 

Homogenates on Alpha-L Cell Targets” 

Cell source for 

homogenate 

Unstimulated” lymphocytes 

(3 x 109) 

Homogenate dilution 

l/2 (Er4 of 3 x 10R cells) 

l/S 
l/2.5 

Target L-cell 

viability when 

incubated at 

37°C 34°C 

77 96 

89 97 

99 99 

Alpha-L cells? (1.2 X lo*) Undiluted (Eq of 13 X 10” cells) 

l/4 
l/16 

120 - 

107 - 

97 - 

HeLa C&d (3 X 10”) Lrndilutcd (Eq of 2 X lo7 cells) 

l/4 
l/16 

108 - 

102 - 

98 - 

u Each LT assay was performed as described in Materials and Methods and results are ex- 

pressed as the average of triplicate points for each dilution. 

*Tonsil lymphocytes (3 X 109 cells) were collected and washed with 20 ml PBS/l% NBCS, 

resuspended in 10 ml MEM and disrupted as described in Materials and Methods. The homog- 

enate was centrifuged, filter sterilized and various dilutions tested for toxic activity at both 

37°C and 34°C on lo5 alpha-l cell targets. 

c Alpha-L-929 mouse fibroblasts (1.2 X lOa cells) were obtained by trypsinization of stock 

monolayer cultures. The cells were washed with 20 ml PBS and finally resuspended in 9.0 ml 

MEM and sonicated. The homogenate was treated and tested for toxicity as described for b. 

d HeLa cells (3 X lOa cells) were obtained in an identical manner as alpha-L cells. After washing 

with PBS, the cells were suspended in 1.5 ml MEM and disrupted. The homogenate was treated 
and tested for toxic activity as drscribed for b. 

different molecular weights of 76,000 and 45,000 claltons by chromatography on 

Sephadex G-100 (20). The present stutlies demonstrate the existence of three LT 

components separable on the basis of size, termed LT1, LTY, and LT.?, with 

molecular weights of SO-90,000 ; 50,000 ; and lo-15,000 daltons, respectively. 

Furthermore, these represent families of molecules, and subsequent publications 

will demonstrate that both I-T1 and LT2 can be further separated into multiple 

components. It is interesting to note here that certain continuous human lymphoid 

cell lines (CLCL) spontaneously secrete LT molecules (10). Recent studies in 

our laboratory suggest that ,the CLCL PGLC-33H, RPMI-1788 and Moore’s 

5287 all appear to only secrete members of the LT1 family of cytotoxins. 

The relationship of the different families, LT,, LT?, and LT3, to each other is 

not yet clear. However, immunologic and physical-chemical data strongly suggest 

that the LT1 and LT2 families are not related. The relationship of the human LTs 

to the LTs studied in other animal species (mouse, rat, and guinea pig) is also not 

clear. However, ‘they also appear to be composed of populations of physically 

different materials (21-25). There is very little information on the physical- 

chemical nature of LT.?. Material which elutes in the void volume, greater than 

150,000 MW, appears sporadically and may only be aggregates of the LTI family. 

However, additional experiments are under way to verify this concept. 
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secretory system which is capable of being activated or inactivated very rapidly 
by membrane contact with the stimulntin, m agent (X27), and second, dealing with 
the actual biosynthesis of l-7’ lvithin the cell, which may be affected by a feetlbaclc 
system. 

The present studies indicate that a lymphocyte is capable of secreting a group of 
molecules with cytotoxic or cytosta,tic activities, which it could employ as effecters 
in tissue destructive CM1 reactions. It is possible that different members of the 
LT family may be effecters in different cytolytic reactions depending upon the 

nature of the activating agent or the type of target cell and tissue involved. 
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