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When lymphocytes from animals or humans with cell-mediated
hypersensitivity are exposed in vitro to the specific antigen,
they generate and/or release a group of soluble factors com-
monly known as “lymphokines™ (g9).

Several investigators have reported that lymphocytes in-
cubated with the plant mitogens phytohaemagglutinin or con-
canavalin A (Con-A) produce factors with similar biological
activities. Thus, skin reactive factor (12, 19), lymphotoxin
(10) and guinea pig macrophage migration inhibitory factor
(MIF) (12, 20) are produced by mitogen-stimulated lympho-
cytes. Con-A and specific antigen both induce the production
of migration inhibitory factors which are identical, as charac-
terized by disc electrophoresis, isopycnic centrifugation in
CsCl solutions, and susceptibility to the enzymes chymotrypsin
and neuraminidase. However, the elution patterns of antigen-
released and mitogen-released MIF on Sephadex G-100 are
similar but not identical; this suggests a heterogeneity, which
may be due to minor differences in charged groups of the
molecule (13). By the same techniques, Rocklin et al. 1972
(18) have demonstrated obvious differences between human
and guinea pig antigen-released MIF; these differences con-
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cern molecular weight, electrophoretic mobility, density and
neuraminidase susceptibility.

Since lymphokines are assumed to play an important role as
mediators of cellular immunity, their isolation and further
chemical characterization is of great interest. The small
amount of lymphocyte-released material and the presence of
serum and antigen or mitogen in the test systems seriously
hamper attempts to isolate these factors. Furthermore, the
reported species differences in the structure of MIF seem to
necessitate further studies in the human system.

The purpose of the present study was to examine whether
a migration inhibitory effect on human peripheral leukocytes
(LMIA) could be demonstrated in serum- and mitogen-free
supernatants of Con-A stimulated human lymphocytes. The
technique utilizes the fact that Con-A can be removed from
culture supernatants by binding to cross-linked dextran gels
(1). The method presumably may prove valuable for gene-
rating larger amounts of lymphekines for purification and
identification work. Furthermore, the potentials of the tech-
nique as an assay for unspecific LMIA production and/or
release capacity of peripheral blood lymphocytes in various
clinical conditions seem promising and are under investigation.

MATERIAL AND METHODS
Subjects
The study comprised 20 persons. Patients with diseases suspected of in-
fluencing cellular immunity, and patients under treatment with corticosteroids or
cytostatics were not included, with a few exceptions, as pointed out.

Lymphocyte Culture

Venous blood was collected in 10 ml polysterole tubes (Nunclon tubes®, Nunc,
Roskilde, Denmark) containing 250 i. u. heparin (heparin with 5000 i.u. per ml,
Leo, Copenhagen, Denmark) and 3 mi Hanks' balanced salt solution. Mono-
nuclear cells were separated by centrifuging for 40 min at 220 g in an isopaque-
ficoll gradient (Lymphoprep®, Nyegaard & Co, Oslo, Norway). A 95-g9 per
cent pure mononuclear cell population was obtained which contained only
2 few per cent monocytes. The cells collected in a 10 ml polysterole tube were
then washed three times in Hanks' balanced salt solution and suspended in
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serum-free medium TC-199 with penicillin 67 i.u. per ml, and streptomycin
67 pg per ml (Difco Laboratories, Michigan, U.S.A.} (TC-199).

Lymphokine Production

250 ug concanavalin A (Pharmacia, Uppsala, Sweden) in 50 u] TC-199 was
added to 3 ml cell suspension (2.5 X 10° cells per ml), and incubated at 37° C
in z per cent CO; in atmospheric air saturated with water vapour. After 22 h,
the culture was termipated bv centrifuging for 10 min at 670 g, and 5o pl
TC-199 was added to the cell-free supernatant.

In each test, a parallel Con-A-reconstituted control supernatant was made in
the following way: A 3 ml cell suspension, identical with the sample, was added
to 50 u! TC-199 without Con-A and incubated for 22 h. After centrifuging, the
cell-free supernatant was reconstituted with 250 zg Con-A in so ul TC-199.

Remowal of Con-A from Culture Supernatant

3 ml cell-free preincubated culture supernatant was applied on a K 16/20
column of Sephazdex G-roo (Pharmacia). The bed volume of 16 ml was
equilibrated in TC-19¢ at room temperature. Con-A was hereby removed by
conjugation to the Sephadex, the low glucose concentration of TC-199 being
insufficient to elute the bound mitogen.

The column was calibrated with blue dextran (MW: 2 x 10°), vellow
dextran (MW: 2 X 10} and vitamin B (MW: 1357) (Gel filtration kit
Pharmacia). The column was eluted with T'C-199. After passage of 4 ml eluate
9 ml samples were collected; thus the original supernatant was diluted 1/3.
Molecules between approximately 10,000 and 2,000,000 daltons were recovered
in the eluted samples. The mitogen-free supernatants were passed through
Millipore filters (o0.45 um pore size), tested immediately or kept frozen at
-20°C.

Since even very small amounts of Con-A will inhibit leukocyte migration, three
separate experiments were carried out. Human peripheral blood leukocytes were
allowed to migrate under agarose after incubation in medium TC-19¢ = Con-A
250 wg/ml before and after application on Sephadex G-100 columns. As shown
in Table 1, passage of Con-A-containing solutions through Sephadex G-roco
columns removes all migration inhibitory activity due to Con-A.

Assay for LMIA4

The indirect leukocyte migration agarose technique (ILMAT), described by
Clausen (5), was employed using peripheral blood leukocytes from healthy,
unrelated, human donors as migratory cells.

Venous blood in 10 ml polystercle tubes containing 250 i.u. heparin and
2 ml 5 per cent dextran 250 in saline was allowed to sediment at 37° C for 1 b.
The leukocyte-rich plasma was withdrawn, centrifuged at 220 g for 5 min and
washed three times at 220 g for 5 min in Hank’s balanced salt solution. 22 X 10°
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TABLE 1.
Leukocyte Migration Areas measured by Projection Microscope.

Elution on Migration areas (cm® = §D) Exp. no.
Supernatant Sephadex I I I Mean
—_ s0.9t2.4 52.5%F2.3 s2.0F2.6 518
TC-199 + so2% 1.9 s1.1trg s01E3.9 505
TC-r99+Con-A — o o o o
+

250 pg/ml 48.8F 3.5 52.2F3.8 5426 5Ly

cells were resospended in go pl culture supernatant and incubated at 37° C for
14 h. 7 pl aliquots of cell suspensions (1.5 X xo® cells) were poured in wells
punched out in agarose medium placed on plastic petri dishes (for details see
{7)). After a migration period of 20 L in 2 per cent CO: in atmospheric air,
saturated with water vapor at 37° C, the migration areas were studied under a
projection microscope and measured by planimetry.

A migration index (MI) was calculated from the following formula:

Mean of leukocyte migration areas in Con-A stimulated supernatants

Mi =
Mean of leukocyte migration areas in parallel control supernatants

The cultures were set up in quadruplicate. In 13 experiments, semi-quantita-
tive results were obtained by application of the ILMAT on stepwise diluted
supernatants. Subsequently, the greatest dilution which significantly inhibited
the migration of cells was determined.

In four experiments with no measurable migration inhibition under the
standard test conditions described (dilution of supernatants 1/3), the test was
repeated using 6— to 12-fold concentration of the original volume of supernatant.
The smallest concentration which significantly inhibited the migration of cells
was thereby identified. Concentration was obtained by dialysis against distilled
water for 20 h (membrane pore size 24 A), lyophilization and reconstitution in
TC-199.

Statistical Methods

Statistical analysis was performed using Student’s t-test for paired com-
parisons. P-values refer to significance of difference between four areas of
leukocytes migrating in Con-A-stimulated lymphocyte culture supernatants, and
four areas of leukocytes migrating in control supernatants.

When testing supernatants with three different indicator cell populations
(Table 3), the mean values of MI were compared using F-test for analysis of
variance.
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TABLE 3.
Leukocyte Migration Inhibitery Activity tested <wvith Three Different Indicator
Cell Populations.

SUPEr"  Indicator MI MI »
NE:) an cells (Dilution of supernatants 1/3) Mean & SD
K.B. 3 082 o0.85 0.8¢ 0.88 o.85*c.02
1 Kr. ? 083 ©.87 o388 o7y o834Foes > 005
Ri ? 075 o8z o068 o069 0.74F0.06
V.A. & 0.73 0.73 o077 o081 o.76* 003
2 AK. ¢ 075 0334 078 o0.78 o79*003 > o008
A.B. Q c.8¢c o1 080 o070 0.75 % 0.05
T.BS. 8 0.79 0.83 086 0.8 o0.83%0.03
3 V.A. 3 089 0.87 087 o081 o.87fo00z > 0.05
Ch. g o087 o0.82 0.86 o0 0.8+t 003
RESULTS

Individual Occurrence of LMIA

In 12 out of 17 of the normal individuals tested, significant
LMIA was demonstrated under the standard test conditions
described (dilution of supernatants 1/3) (Table 2). In one
experiment, the activity was still present at dilution 1/24
(no 5). LMIA in four experiments could only be detected
after concentration of supernatants (nos. 12, 14, 15, 17). On
one occasion with no demonstrable LMIA under the standard
test conditions, concentration procedures were not carried out
(no 8).

In five experiments, the ILMAT was performed with 3- to
12-fold concentrated supernatants, and repeated after stepwise
dilutions with culture medium (Fig. 1). Cell migration was
significantly inhibited at 3- to 12-fold concentration. In two of
the experiments shown in Fig. 1, a migration stimulatory
activity could be demonstrated at dilutions 1/3, 1/9 and 1/12.
(P < o0.023, t-test for paired comparisons). A similar stimula-
tory effect of diluted supernatants on cell migration was
frequently observed in other experiments.



Fig. 1.

Effect on cell migration of
concentration and dilution of
supernatants from Con-A-
stimulated human lymphocytes.
Vertical lines indicates * SD.
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Fig. 2.
Leukocyte migration inhibitery activity tested with different concentration of
mononuclear cells. Con-A conc.: 8o ug/ml. Incubation time: 2z h. Vertical lines
indicate = §D.

Lymphaocyie Culture Conditions

The effect on measureable LMIA release and/or produc-
tion of variation in lymphocyte concentration, Con-A con-
centration and Con-A incubation time is shown in Figs. 2, 3
and 4, respectively.

The optimal lymphocyte concentration was 2.5 X 10° (see
Fig. 2).

The concentration of Con-A stimulating optimal production
of LMIA appears tc be about §o0 times as high as that
stimulating optimal UNA synthesis (2) (Fig. 3).

In agreement with observations by several investigators.
the lymphokine is détectable rapidly after activation of the
lymphocytes, the activity being most pronounced after 22 |

(Fig. 4).
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Leukocyte migration inhibitory activity tested with different Con-A concentra-
tion. Mononuclear cell conc.: 2.5 X 16°/ml. Incubation time: 22 h. Vertical lines
indicate * SD.

Reproductibility

The degree of reproducibility determined by standard
deviations of quadruplicate tests and by simultaneous assays
using different indicator cells (Table 3) appeared to be quite
high. The wvariation between three different indicator cell
populations using the same supernatant was less than 5 per
cent (F-test for analysis of variance). The tests were repeated
with three different supernatants with similar results (Table
3. sup. nos. 1, 2 and 3).

Consecutive determinations of LMIA in a male donor
showed great stability; whereas great variation of LMIA
¥as demonstrated in 2 female donor (Table 4).
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Fig. 4.
Leukocyte migration inhibitory activity tested after different Con-A incubation
time. Mononuclear cell conc.: 2.5 X 10°/ml. Con-A conc.: 80 ug/ml. Vertical
lines indicate = SD.

Factor Stability

Fig. 5 demonstrates the disappearance of detectable LMIA
in supernatants kept frozen at — 20° C. The experiments were
performed using three healthy donors {Case nos. 1, 2 and 3,
respectively), and three patients suffering from cancer of the
mammary gland with disseminated metastases (no. 4).
Henoch-Schénlein purpura (no. §) and sarcoidosis (no. 6).

Interestingly, the Con-A-induced LLMIA was very pro-
nounced and factor stability very great for the patient with
sarcoidosis. The patient showed negative skin reactions to
purified protein derivative of tuberculin (PPD), and when
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Fig. 5.
Leukocyte migration inhibitory activity stability of supernatants stored at —20° C.

the patient’s lymphocytes were incubated with PPD, no LMIA
could be demonstrated.

DISCUSSION

The study demonstrates that Con-A as a non-specific stimulant
can induce release and/or synthesis of LMIA from peripheral
human lymphocytes, and describes a standardized technique
for unspecific production and semi-quantitative detection of
human L. MIA.

With the experimental system employed, 2 considerable
individual variation was found in the Con-A-induced LMIA
release from separated, normal peripheral blood lymphocytes.
Under identical procedures, the amounts of LMIA of normal
persons varied by a factor of about 300. LMIA-levels meas-
ured at different times in a male individual were more con-
stant. A female control showed variations which were re-

10 Acta Allergologics, 30, 2-3
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peatedly associated in time with the menstrual cycle. Clearly,
a more sufficient description of the normal occurrence and
variations of Con-A-released LMIA is needed, especially
since an investigation of this lymphocytic capacity is of interest
in clinical conditions. The immunological state and function of
the lymphocyte donor seems to be related in some way to the
amount of LMIA developed after unspecific lymphocyte
stimulation. Preliminary LMIA-studies in patients with vari-
ous clinical conditions have so far given results of definite
interest, and examinations in selected patient series are pres-
ently being undertaken.

The optimal stimulatory Con-A concentration is high as
compared to the Con-A concentration used for induction of
lymphocyte transformation, and the optimal culture period is
shorter. In these respects, a parallel to specific, antigen-
dependent lymphocyte stimulation in the similar systems is
obvious: characteristically, the ILMAT uses a high antigen
concentration and short incubation time as compared with the
lymphocyte transformation test. It is still not clear whether
LMIA is permanently on store in lymphocytes, ready for
release. The appearance of antigen-induced LMIA as early as
4 h after stimulation {6) speaks somewhat in favour of pre-
formed substance release; but, if so, the release seems depend-
ent on protein synthesis {8, 11). Since a Con-A stimulation
period of 24 h shows a gradual increase of LMIA, a con-
tinuous synthesis of active substance is highly possible. Yet the
LMIA release does not require DNA synthesis, thus being
independent of cell proliferation (4, 15).

The optimal concentration for Con-A dependent LMIA
production in 24 h Con-A-containing tissue cultures was
2.§ X 10 lymphocytes per ml. Increase of the lymphocyte
density in the medium resulted in a lower yield of LMIA.

The necessary removal of biologically active traces of
Con-A before measuring the LMIA was efficiently ac-
complished by passage of the supernatants through columns of
Sephadex G-100, which has a sufficiently high absorption
affinity for Con-A. Since Con-A causes migration inhibition of

10%
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leukocyte cultures, this important technical point was carefully
evaluated in each case by parallel control experiments with
comparable, Con-A-containing, lymphocyte-free supernatants.

The in vitro measurement of LMIA in the second step of
the technique is dependent on indicator cells prepared from
unrelated, peripheral blood leukocytes. Comparison of the
LMIA-sensitivity of identically prepared indicator cell popu-
lations from different healthy adults showed insignificant
differences; and the indicator cells, therefore, do not appear
to represent a factor of significant variability. In contrast to
the similar ILMAT for detection of antigen-dependent
ILMIA, the previous sensitization of the indicator cell donor
can be disregarded in principle.

Using the agarose technique, the standard deviations of
quadruplicate cell migration areas were repeatedly very small.
This is in contrast to the capillary tube technique where larger
variations are encountered; with the agarose technique em-
ployed in the present study, the limit of statistically significant
migration inhibition is approximately 10 per cent {Table 2).

The selection of dissolved Con-A as the lymphocyte stimu-
lator in the present study was made from considerations of
this plant mitogen in solution as a highly active stimulator of
T-lymphocytes (2). None of the plant mitogens presently in
use in lymphocyte research, however, seems to be an exclusive
stimulator of either B- or T-lymphocytes, and even Con-A in
solution may to some extent induce lymphokine release also
from B-lymphocytes (2). In the 24 h Con-A stimulation
period, the entire lymphocyte population of the incubate may
be stimulated, either by Con-A, by lymphokines from stimu-
lated cells, or both. This may explain why the Con-A-induced
LMIA release is more comprehensive than the comparable
antigen-induced LMIA release. Rocklin (16, 17} found two
distinct migration inhibition factors in supernatants from
antigen-stimulated, human lymphocytes:

1) MIF (23,000 D), detectable by guinea pig macrophage
migration inhibition, was released equally well from B-
and T-lymphocytes, and
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2) LIF (69,000 D), detectable by human leukocyte migration
inhibition, seemed to be prevalently a T-lymphocyte pro-
duct.

If this T- and B-cell related distinction between two bio-
chemically separable, human lymphokines is true also of the
products due to antigen-independent Con-A stimulation, the
use of human leukocytes as indicator cells, as in the present
study, reveals prevalently LMIA released from T-lympho-
cytes. However, this is assumed only from analogy, and the
question needs further exploration with purified T- and B-
lymphocyte populations.

A technique for quantitative estimation of T-lymphocyte
products synthesized and/or released immediately after Con-A
stimulation will serve two main purposes: 1) It can be used
for monitoring the lymphokine synthesis/release capacity of a
lymphocyte population responding to a well-defined, standard-
ized, non-specific stimulus, and 2} If identical lymphocyte
populations in parallel cultures are exposed to specific antigen
and to Con-A, a comparison might elucidate the role of non-
specific, lymphocyte-dependent amplification in lymphokine
assays.

In the guinea pig (14) and in man (3), the LMIA-yield
from Con-A stimulated lymphocytes is about 10 times higher
than the yield from a comparable, sensitive lymphocyte popula-
tion stimulated with antigen. The method, therefore, will be
useful for production of more substantial amounts of LMIA
for purification and analysis. The ILMAT in its present
meodification seems a valuable tool for in vitro assessment of
biological activity in fractions and products developed in the
course of such efforts.

SUMMARY

Human venous blood lymphocytes, incubated for 22 h in
serum-free culture medium with the plant mitogen concana-
valin A (Con-A), elaborated products, which inhibited the
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migration of human buffy coat cells under agarose. Con-A
was removed by applying the supernatants on small Sephadex
G-100 columns. The leukocyte migration inhibitory activity
{LMIA) was tested in a semi-quantitative modification of the
indirect lenkocyte migration agarose techmique, which is de-
scribed. Lymphokine activity, demonstrable as early as 9 h
after activation of lymphocytes, was most pronounced after
22 h.

Significant LMIA was demonstrated in 12 of 17 normal
individuals at standard dilution of culture supernatants 1/3.
In 9 of the 12 experiments, assays of LMIA were carried out
on stepwise diluted supernatants with detection of the greatest
dilution with significant LMIA. In four experiments LMIA
could only be detected after 3- to 12-fold concentrations of
supernatants. Considerable individual variation was found,
the amounts of LMIA varying by a factor of about 3oo0. The
reproducibility appeared to be quite high, but the factor
stability of supernatants stored at —20° C was surprisingly
low.
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