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Lymphokines, the biological active products of lymphold cells
responding to antigen or mitogens, are considered to be poten-
tial mediators of cellular immunity (13). Their role is
manifested in delayed-type hypersensitivity reactions, in pro-
tective immunity and in cell-cooperation effects (6).

During recent years a series of papers have appeared deal-
ing with the relationship between delayed-type hypersensitivitj'
reactions and blood coagulation (5, 10, 2, 9) . Dvorak et al.
(7) published a scheme of the supposed pathogenesis of
delayed..type hj'persensitivity reactions in the skin and the
hypothetical participation of the coagulation system in the
production of local inflammation. In this scheme the authors
emphasized the importance of lymphokines.

Maillard et al. (12) elucidated important details about the
action of skin reactive factor (a lymphokine) synthetized by
guinea pig lymphocytes in the presence of antigen or mitogen.
They found that skin reactive factor could shorten the kaolin
clotting time and, to a certain extent, activate fibrinolysis, and
that certain inhibitors of the kinin and coagulation systems had
depressing effects on skin reactive factor activity.

More recently, Coeugniet & Bendixen found that lympho-
kines from Con-A-stimulated human lymphocytes had direct
thrombin-like procoagulant activity (3) and could aggregate
the thrombocytes (4) .
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In our experiments we tested lymphokines from Con-A-
stimulated lymphocytes for their effect on fibrinolysis and
kinin generation in human plasma. On the basis of these
results a new mechanism for lymphokine activity is suggested.

MATERIAL AND METHODS

Adult guinea pigs of both sexes were used for skin reactive factor testing. The
animals were tept under standard conditions, fed on standard diet and allowed
to drink water ad libitum. Guinea pigs used for kinin assays were fed with
regetables onl\\ and in the last 24 h were given no food.

Material

Concaaavalin-A (Sigma), lysoz>Tiie (Worthington), ellagic acid (Koch-Light)^
Gordoi ® (R. G. Budapest, identical with Trasylol® Bayer), atropine sulphate
(Sandoz)j N-2-hydroxyethyl piperazine (HEPES) (Calbiochem), polyethylen-
glycoi (Fluka), chlorpyraminum hydrochloricum {Suprastin® R.G. Budapest),
Ficoll ® 400 (Pharmacia Fine Chemicals), Uromiro ® 75 per cent solution
{Bracco Industria Chimica S.p.A, Milan).

Glassivare: Siliconized glassware or plastic dishes and ttihes w êre used
througout the experiments, except for the partial thromboplastin time determina-

Preparation of Lympkokines

Normal human blood anticoagulated with citrate was used. The preparation
of lymphocytes was carried out in Uromiro-FicoH gradient in Parker's 199
medium at room temperature. No serum was added. The preparations were
centrifuged at 800 ̂  for 15 min and washed twice; they contained 90-95 per cent
mononuclear cells.

10' Lymphocytes were cultured at 37° C in 5 per cent carbon dioxide and
95 per cent air milieu in the presence of 200 ^g Concanavalin-A (Con-A) in
Parker's 199 medium completed with 100 lU/ml of penicillin and streptomycin
for 36 h. The cell-free supernatants of the lymphokine-containing and control
cell cultures were chroma to graphed on a Sephadex® G-75 column and eluted
with 0.01 M phosphate buffer pH 74. In the control preparations Con-A was
added at the end of cultivation. The protein-containing fractions were collected
and concentrated. Protein concentrations of the preparations used w êre generally
about I mg/ml.

We named the leukoc>'te migration inhibitory factor and skin reactive factor
containing preparations of Con-A-stimulated lymphocyte supernatants as lympho-
kines, or active supernatants (AS), and the supernatants of non-stimulated
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lymphocytes as controls (CS). Leukocyte migration inhibitory factor was tested
with human leukocytes according to Szabo's capillary method ( i i ) . Skin reactive
factor testing was carried out on guinea pig skin on the basis of the measure-
ment of the blue areas on the inner surface of the skin 4 h after an intravenous
injection of i per cent Evans blue (12). AS resulted in migration inhibition and
greater skin permeability than CS.

AS had also procoagulant activity which shortened the partial thromboplastin
time (4).

The measurement of fibrinolytic activity was carried out using the fibrin tube
technique, a one-dimensional diffusion method (8). The activity was expressed in
mm of dissolved fibrin column during 18 h in 37* C.

0.8 ml of human non-contact plasma (kept in siliconized or plastic dishes
separated from glass surfaces) were incubated at 37° C for 30 min with 0.2 ml of
the AS, CS, ellagic acid (i mg/ml) and phosphate buffer.

Lysozyme-treated plasmas were prepared by adding 5 mg lysozyme to i ml
plasma.

In vitro Assay of Kinins

0.2 ml of AS, CS, ellagic acid (0.5 mg/ml), phosphate buffer, lysozyme
(5 mg/m!) and Gordox (10 IU/ml) were incubated with 0.8 ml of non-contact
human plasmas for 15 min. The mixtures were tested on isolated pieces of
terminal ileum from guinea pigs for the presence of kinins. The pieces of ileum
were suspended in a 9-ml plastic organ bath containing oxygenated Tyrode's
solution, I /4g/ml of atropine sulphate and 5 /̂ g of the antihistaminic agent,
chlorop)raminum hydrochloricum (Suprastin), at 37° C.

Contractions of the smooth muscle pieces ^vere registered by a kymograph and
the amounts of generated kinins were estimated using standard curves produced
by synthetic bradykinin.

All the results are the averages of at least three experiments.

TABLE I
The Effect oj Culture Supernatants of Human Lymphocytes on the

Fibrinolyticai Activity of Human Plasma.

Fibrinolytic activity (mm) mean ± s.d.
Samples

Normal plasma Lysozome plasma

Buffer 12 ± I 14 ± J
Control (CS) 15 ± t t4 ± i
Active supernatants (AS) 20 ± i 14 ± i
Ellagic acid 22 ± j 14 ± j
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RESULTS

Table i shows that AS increased the fibrinolytic activity of
the plasma as did ellagic acid, which is a potent activator of
factor XII (Table i ) . In lysozyme-treated plasma both the
AS and ellagic acid effects were blocked.

Both AS and ellagic acid generated kinins in the plasma
(Table 2). In lysozyme-treated plasma the kinin generation
was inhibited. Gordox (kallikrein inactivator) decreased the
kinin generating capability of the AS.

TABLE 2
The Effect of Culture Supernatants of Human Lymphocytes on

Kinin Generation in Human Plasma.

Kinin generation ng/ml
mean ± s.d.

Normal plasma 240 ± 20
Plasma + Gordox® 80 =fc 10
Plasma -f lysozyme —

D I S C U S S I O N

The supernatants of Con-A-stimulated lymphocytes containing
leukocyte migration inhibitory factor, skm reactive factor and
procoagulant activities had fibrinolysis-activating and kinin-
generating effects on human plasma.

The activation of fibrinolysis can be manifested either via
factor XII ( i ) or independently from the Hageman factor
(15). The fact that lysozyme (an inhibitor of factor XII) in
our experiments prevented AS from activating fibrinolysis
showed that factor XII might also be participating in the
reaction.

Our new finding demonstrates that lymphokines are capable
of generating kinins from normal non-contact plasma. Mail-
lard et al. (12) were not able to detect the generation of kinin
by lymphokines from heated sera. In our experiments we
always worked with whole fractions of Sephadex-purified
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lymphokines and we found the kinin-generating capability of
the preparations to be especially susceptable to freezing, con-
centration procedures and storing manipulation. The kinin-
generating effect of lymphokines can be based either on Hage-
man-dependent kallikrein activation or on the independent,
direct production of kinins from human kininogens (15, 14).

To summarize, we confirmed the procoagulant and fibrin-
olysis-activating effects of lymphokines. We also demon-
strated the generation of kinin from non-contact plasma by the
influence of lymphokines. This gives a new possibility for
elucidating the pathomechanism of delayed-type hypersen-
sitivity reactions of the skin, where bradykinin plays an im-
portant role in the symptoms of inflammation (7, 12, 14).

Even though the coagulation results prove that in vitro-
produced lymphokines directly produce thrombin (4) we
cannot exclude the role of factor XII activation in the local
regulation of delayed-type hypersensitivity reactions through
kinin generation, fibrinolysis activation and production of
fibrin deposits.

SUMMARY

Supernatants from Con-A-stimulated human lymphocytes con-
taining leukocyte migration inhibitory factor, skin reactive
factor and procoagulant activities were tested for their effect
on fibrinolysis and kinin generation. The supernatants of
stimulated lymphocytes activated the fibrinolysis and gener-
ated kinin in human plasma. These results are discussed from
the aspect of cell-mediated (type IV) immune inflammation.
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