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Guimea pig lymphoid cells obtained from lymph nodes and spleens of nonimmune
animals are cytotoxic for mouse L-cell fibroblasts on incubation with concanavalin
A. Tlhis effect is blocked by methyl-or-D-mannoside. The results indicate that this
effect may be due to the release of a lymphotoxin by the concanavalin A-stimulated
lymphocytes. (Amer J Path 64:295-304, 1971)

TARGETr CELL DESrRUCcION as a correlate of in vitro delayed
hypersensitivity has been under intensive study for several years. The
phenomenon appears to be the result of a two-step process mediated
by lymphocytes in which adherence of lymphocytes to target cells
is followed by the release of a cytotoxin and target cell death.1 3 Al-
though this is a specific immune event (ie, immune lymphocytes are
stimulated to this activity only by specific antigen),' phytohemag-
glutinin apparently can induce similar activity by "nonspecific"
means. 1,24

Recent reports indicate that concanavalin A has profound effects
on delayed hypersensitivity. It stimulates lymphocytes to blast cell
transformation,5 blocks the expression of tuberculin hypersensitivity in
sensitized guinea pigs,6 prolongs transplant survival in mice,7 and
stimulates the production of skin-reactive factor 8-9 and migration-in-
hibitory factor '0 by nonimmune lymphocytes. It thus seemed of inter-
est to study the effect of concanavalin A-stimulated lymphocytes on
mouse L-cell fibroblast monolayers maintained in tissue culture.

Materials and Methods
Animals
Randomly bred female albino guinea pigs were used throughout these experi-

ments.
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Reagents

Concanavalin A and methyl-a-D-mannoside were generously supplied by Dr.
Myron A. Leon. Minimum essential medium, fetal calf serum, Hanks' balanced
salt solution and tissue culture medium 199 were obtained from Grand Island
Biological Company. Normal guinea pig serum was obtained from Hyland Labora-
tories. Complete medium for maintenance of L-cells was prepared by adding 45.6
ml tryptose phosphate broth and 114 ml fetal calf serum (heat-inactivated) to each
1000 ml of Eagle's minimal essential medium with Earle's salts. Prior to use, 200
units/ml penicillin, 40 ig/ml streptomycin and 1 ml l-glutamine (200 mM) (100 x )
were added to the medium.

Saline A was prepared by dissolving 8 g NaCl, 0.4 g KCl, 1.0 g dextrose and
0.35 g NaHCO3 in 990 ml demineralized water. To this were added 10 ml of
phenol red stock solution (2 g/100 ml demineralized water), 200 units/ml peni-
cillin, 40 i,tg/ml streptomycin. Trypsin-versene solution was prepared by mixing 4
parts 0.01% versene in phosphate-buffered saline (without calcium or magne-
sium) with 1 part 0.25% trypsin in saline A. The 10% fetal calf serum (in Eagle's
minimal essential medium with Earle's salts), saline A and trypsin-versene were
filtered through a 0.2 porosity selas filter after preparation as described.

Preparation of Lymphoid Cells

After the animals were exsanguinated by cardiac puncture, inguinal, popliteal
and axillary lymph nodes, and spleens were removed, and added directly to chilled
Hanks' balanced salt solution in a sterile Petri dish. The cells were gently teased out
with mouse-toothed forceps and filtered twice through sterile glass wool. The cells
were then washed with Hanks' balanced salt solution, centrifuged twice at 1000
RPM for 10 minutes, and finally suspended in tissue culture medium 199 containing
20% normal guinea pig serum, 200 units/ml penicillin and 40 [tg/ml streptomycin for
a 24-hour incubation at 37 C. After this period the cells were centrifuged, washed
twice in Hanks' balanced salt solution and resuspended in 10% fetal calf serum
for use in cytotoxicity assays. Cell viability (as assessed by exclusion of trypan
blue) was routinely greater than 90%, and the cell preparations were 95% or more
lymphocytes.

Maintenance of Fibroblasts

Mouse L-cell fibroblast monolayers (kindly donated by Dr. Stephen Toy)
were subcultured thrice weekly for maintenance of stock lines or for assay. All
medium was aspirated and the monolayer washed twice with saline A. Trypsin-
versene solution was then added to the flask for 10 seconds and removed by as-
piration. The flasks were allowed to sit for 10-15 minutes or until the sheet of cells
was freed from the flask. Cells were suspended in 10% fetal calf serum and trans-
ferred to stock flasks containing 25 ml of 10% fetal calf serum, or to 30-ml tissue
culture flasks containing 4 ml of medium.

Cytotoxicity Assay

An amount of 5-8 x 105 L-cells was added to 4 ml of medium in 30-ml plastic
tissue culture flasks. One day later, concanavalin A (10 ,ug/ml final concentration)
was added to the flasks. Then, 1 x 107 lymphocytes were added to each flask
(control or experimental) and the cultures incubated for an additional 48 hours.
The medium was aspirated off the monolayer and the cells washed twice in cold
saline A and once in saline A at 37 C. The remaining attached cells were removed
by incubating them at 37 C with 1.5 ml trypsin-versene. One milliliter of saline A
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was added to each flask and the cells suspended evenly by gentle pipetting. One
milliliter was added to 19 ml of normal saline and counted in a model B Coulter
counter, thresholds, 30 to oc; 1/amplification, %; and 1/aperture current, 0.354.
Duplicate counts were made on each culture; and the values obtained for duplicate
cultures were averaged.

Plaque Assay

An amount of 5-8 x 105 L-cells was added to 4 ml of media in 30-ml plastic
tissue culture flasks and cultured for 3 days at 37 C. The cells were washed twice
in saline A, 4 ml of fresh 10% fetal calf serum was added, and concanavalin A
(with or without methyl-a->-mannoside, an inhibitor of the action of concanavalin
A5) was added to the flasks. One drop of lymphocytes in 10 fetal calf serum
(approximately 1.6 x 107 cells) was added to the center of the tissue culture
flask. Cells were incubated for 48 hours, and stained with neutral red or tetra-
chrome stains.

Histologic Studies

Acid-washed 22 x 22-mm glass coverslips were placed in 35 x 10-mm sterile
glass Petri dishes. Three milliliters of fibroblasts (1 x 105 cells/ml) in 10%
fetal calf serum were added to the dish. Twenty-four hours later, the appropriate
stimulating material and 2-8 x 106 lymphocytes were added. At 48 hours, the
coverslips were removed, air-dried, stained for 2 minutes with tetrachrome, 3
minutes with tetrachrome buffer, and washed with water. The coverslips were air-
dried and permanent slides made with permount.

Results

When lymphoid cells from normal guinea pigs were added to L-cell
fibroblast monolayers in the presence of concanavalin A, an area of
clearing was seen after 24 hours (Fig 1). This effect did not occur
when either concanavalin A or lymphocytes were added alone. Mi-
croscopically, one could see clustering of lymphocytes around the
fibroblasts, with apparent adherence of many lymphocytes to the
fibroblast cell surface (Fig 2). This effect of concanavalin A-lympho-
cyte interaction was prevented by the concurrent addition of 0.1 Mi
methyl-a-D-mannoside to the system. Fibroblasts outside of the plaque
area appeared normal.
The cytotoxic effect of concanavalin A-stimulated lymphocytes

could be measured by counting the residual living fibroblasts that re-
mained attached to the tissue culture flask after 48 hours of incuba-
tion. Detached cells did not exclude trypan blue dve, and therefore
were judged to be dead. Concanavalin A-lvmphoid cell mixtures cul-
tured for 48 hours in tissue culture flasks containing fibroblast mono-
layers were cytotoxic, with fibroblast survival ranging from 19 to
62%, with a mean survival of 43.6%. These cytotoxic effects were ob-
served at a "final" lymphocyte/target cell ratio of 5:1 (calculated as
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Table 1-The Effect on L-Cell Fibroblast Survival of Their Concurrent Incubation with
Concanavalin A-Lymphoid Cell Suspensions

Surviving fibroblasts (X 106) at 48 hours
in the presence of

Survival at 48 hours
Lymphoid b

Lymphoid cells Lymphoid cells + -x 100
Experiment cells* + Con At Con A+ -a

No. (a) (b) Con At MAMt (%)

1 25.2 11.7 24.9 26.2 46.4
2 32.9 20.4 28.5 32.3 62.0
3 20.5 10.0 15.1 21.6 48.7
4 16.8 9.2 13.9 20.6 54.7
5 19.5 6.0 15.7 19.5 30.7
6 21.3 4.2 17.6 21.1 19.3

Mean 22.7 10.2 19.3 23.6 43.6

* 1 X 107 lymphocytes added in 0.5 ml volume.
t Con A = concanavalin A, 10,ug/ml final concentration.
t MAM = methyl-a-D-mannoside, 0.1 M final concentration.

the number of lymphocytes added/number of fibroblasts at the end
of the experiment) (Table 1).

In an effort to determine whether this cytotoxicity was due to
the elaboration of a lymphotoxin, several experiments were carried
out in which unconcentrated supernatants from lymphoid cells cul-
tured in the presence of concanavalin A (20 [tg/ml final concentra-
tion) were added to fibroblast monolayers. In several experiments,
cytotoxicity was observed (Table 2). While this effect was not ob-

Table 2-Cytotoxicity Obtained by Adding Supernatant Fluid from Lymphoid Cell-
Concanavalin A Cultures to Mouse L-cell Fibroblasts*

Source of supernatant fluid L-cell death (%)

Con At + lymphoid cells 15
Lymphoid cells alone 0.5
Con At alone 0.8

Con At + lymphoid cells 12
Lymphoid cells alone 1
Con At alone 3
Lymphoid cells + Con A + MAMT 0

* 1 X 10' lymphoid cells/ml incubated with concanavalin A, 20,Ag/ml final concentration,
for 24 hours.

t Con A = concanavalin A.
t Methyl-a-D-mannoside added to culture system with concanavalin A, at final con-

centration of 0.1 M.
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tained in all cases, the data suggest that a cytotoxin released by con-
canavalin A-stimulated lymphocytes is responsible for target cell
death.

Allogeneic inhibition apparently was not involved in these experi-
ments, since the addition of suspensions of guinea pig lymphoid cells
alone did not cause any discernible fibroblast cytotoxicity.

Discussion
The recent development of a variety of in vitro models of delayed

hypersensitivity has led to interesting new insights into the pathogen-
esis of this type of immune reaction. While it is quite clear that remark-
able immunochemical specificity 11.12 is exhibited in delayed hypersen-
sitivity, a variety of nonspecific mediators are released after the re-
action of immune lymphocytes with antigen, including lymphotoxin,
migration-inhibitory factor, blastogenic factor, skin-reactive factor,
etc.13 The nature, discreteness and identity of these mediator mole-
cules remain unclear, as does the nature of the binding site on the
lymphocyte cell membrane.

Concanavalin A is a homogeneous protein that combines with cer-
tain carbohydrate residues on a variety of proteins and cell sur-
faces.5'1o'15 It is also a lymphocyte stimulant, inducing blast cell trans-
formation,5 and the production (or release) of skin-reactive factor
and migration-inhibitory factor.-"- In this paper, we have demon-
strated that it also induces lymphocyte cytotoxicity for mouse L-cell
fibroblasts.

In demonstrating this ability of concanavalin A to induce lympho-
cyte cytotoxicity, we have followed the established procedures of
Ruddle and Waksman.16'17 Our results in a nonimmune system with
concanavalin A compare favorably with the results they obtained in
an immune system with specific antigen.

Perlmann and Holm 18 have recently reviewed the subject of cyto-
toxicity and indicate certain drawbacks in the currently available as-
say systems. They point out that the technic of cell counting, such as
used here, may be influenced by the presence of macrophages in
the lvmphoid cell population. Release of intracellular enzymes from
such cells might cause cell detachment that would be spuriously at-
tributable to lymphotoxin. We feel that this possibility, although real,
does not explain our results. Our lymphoid cell preparations were rou-
tinely composed of 95% or more lymphocytes, and the ratio of lvm-
phocytes added to target cells was onlv 5:1 (at the conclusion of the
experiment). Hence macrophages, if present, represented only a
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small fraction of the cell population and seem unlikely to have pro-
duced such clear results. Secondly, the detached cells failed to ex-
clude trypan blue, and thus met a standard criteria for nonviability.
Finally, the results of the plaque assays (Fig 1) agree with the cell
counting data in indicating a cytotoxic effect of concanavalin A-
stimulated lymphocytes. This ability to stimulate nonspecifically the
production of several of the mediators of delayed hypersensitivity
may be of great utility in the large-scale preparation and separation
of the molecular materials responsible for these effects.

It is important to note that this report is in contrast with that of
Perlmann et al,1'9 who have described the inhibition of phytohemag-
glutinin-induced cytotoxicity for chicken erythrocytes by pretreating
human lymphocytes with concanavalin A. This discrepancy may be
explained by differences at the level of either the effector cell or tar-
get cell. In this report, preparations of guinea pig lymphoid cells were
utilized, whereas Perlmann et al used preparations of human lym-
phocytes. It is possible that there are significant variations in the sus-
ceptibility of lymphocytes from different species to activation by
concanavalin A.
On the other hand, Williams and Granger have reported that not

all tissue culture cell lines are uniformly sensitive to lymphotoxin-
induced cytolysis.20 Apparently, the mouse L-cell fibroblast is much
more sensitive than a variety of other cells, and the use of this cell
line may account for our noting cytotoxicity after the interaction of
concanavalin A-stimulated Jymphocytes with the L-cells. It is possible
that chicken erythrocytes differ from mouse fibroblasts in some basic
structural or metabolic characteristic that accounts for different vul-
nerabilities to cytolysis. Thus, while concanavalin A-induced lympho-
toxin did not result in erythrocytolysis,'9 it may have blocked lym-
phocyte receptor sites, or somehow depleted lymphocyte stores of
lymphotoxin, and thus prevented the action of phytohemagglutinin
in that system. It is to be hoped that the resolution of this difference,
as well as the general mode of action of concanavalin A, will lead to
further insights into the mechanisms of expressing cellular immunity.
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[Illustrations follow]



AA

I T

Fig 1--Macroscopic appearance of mouse L-cell fibroblast mono-
layers 48 hours after addition of test drop as described. A-I-
cells cultured with 1 drop of guine-a pig lymphood cells (X 1).
B-I-cells cultured with 1 drop of mixture of guinvea pig lymphoid
cells-concanavalin A (10 pg/mI). The area of cytotoxicity ("zone of
clearing") is indicated by arrows.
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Fig 2-Appearance of mouse L-cell fibroblast cultures after 48-hour incubations as
described. A-L-cells cultured in presence of guinea pig lymphoid cells. B-L-
cells cultured in presence of mixture of guinea pig lymphoid cell-concanavalin A
(10 pg/mI). Note the clustering of lymphoid cells about the target cells. Many
target cells have been destroyed.


