DIAGNOSIS OF THE CRISIS OF GRAFT REJECTION BY
THE INHIBITION OF CELL MIGRATION TEST IN VITRO

D. K. Novikov

Intensive sensitization of lymphocytes of the blood, lymph glands, and spleen of mice and
of recipient rabbits to antigens of the donors of allogeneic and xenogeneic skin graft was
found a few days before their rejection by means of direct and indirect (using allogeneic
and xenogeneic fragments of a test spleen) methods inhibiting migration of spleen cells.
In the early periods (2nd-3rd days) after transplantation and during the period of marked
destruction of the grafts their sensitization to antigens was weaker, and this was often ex~
pressed as stimulation of cell migration. Detection of lymphocytes sensgitized to donors'
antigens by the migration test may provide a warning of the impending crisis of graft re-
jection.

A problem of great importance in connection with progress in organ transplantation is the timely di-
agnosis of the crisis of rejection of incompatible grafts. Humoral antibodies of different types: (hemagglu-
tinins, cytotoxins, etc.) are usually found [1, 2, 5] either after death of the graft or, at best, at its beginning.
This late appearance of immunoglobulins in the recipient's serum can be explained by their low concentra-
tion through adsorption in the earlier periods on the antigens of the grafts [2, 3]. However, even the de-
tection of humoral antibodies against donors' antigens is not an absolute criterion of threatened rejection
of the graft, for the main role in destruction of the grafts belongs to sensitized lymphocytes, responsible
for the reaction of hypersensitivity of delayed type [7, 9. 15, 16]. The appearance of such cells in the blood
or lymphoid organs can thus be used as a criterion of the onset of sensitization to the graft and, consequent-
ly, as a warning of its rejection. One way of detecting lymphocytes sensitized against various antigens
(including transplantation antigens) is by the test based on inhibition of the migration of cells (macrophages
and leukocytes) in vitro [4, 6, 8, 10-14].

The possiblity of using this test in the diagnosis of the graft rejection crisis was studied.

EXPERIMENTAL METHOD

Skin allografts were transplanted onto 16 rabbits (donor and recipient were of the same breed), on
80 mice of line B10/D2 from C57BL/108n mice, and on 30 Wistar rats from August rats. Xenogeneic skin
grafts were transplanted onto 30 B10-D2 mice from August rats, In addition, autologous or syngeneic
grafts were transplanted onto animals of the same lines [4]. At various times after grafting the presence
of sensitized lymphocytes was tested in the recipient by direct and indirect methods of inhibition of migra~-
tion of spleen cells in vitro by the technique described earlier [4]. When the direct method of inhibition of
migration was used, donors' antigen cells were added (final concentration 0.5 - 105-1 - 10%/ml) were added
to the fragments of recipients' spleen cultivated in vitro on coverslips in medium No. 199 with 15% inac-
tivated guinea-pig serum. If the spleen cells were sensitized against this antigen, inhibition or stimulation
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Fig. 1
Fig. 1. Effect of donors' antigens on migration of recipients' spleen cells
‘compared with migration of the same cells without antigens. Continuous line
with four circles shows action of antigens of donor rats on migration of spleen
cells of recipient mice; continuous line with empty circles represents action
of the same antigens on migration of spleen cells of intact mice; broken line
with filled circles represents effect of antigens of donor mice (C57B1/108n)
on migration of spleen cells of recipient mice (B10 - D2); broken line with
empty circles represents effect of the same antigens on migrartion of spleen
cells of intact mice. Each point on curves represents data for three-six ani-
mals giving stimulation greater than 1.0 or inhibition less than 1.0 of migra-
tion.

Fig. 2. Inhibition or stimulation of migration of spleen cells of intact alloge-
neic animals under the influence of supernatant of lymph gland or blood leuko-
cytes of recipients incubated with donors' antigens, relative to migration of
cells of the same spleen: a) in presence of supernatant of recipients’ leuko-
cytes without antigen; b) in medium; c¢) in presence of supernatant of recipi-~
ents' leukocytes incubated with intact antigen; d) in presence of supernatant of
leukocytes of intact animals incubated with donors' antigens; e) in presence
of supernatant of recipients' leukocytes disintegrated by freezing and incu-~
bated with donors' antigens; I) supernatant of lymph gland cells of mice re-
ceiving allografts; II) supernatant of lymph gland cells; III) blood leukocytes
of recipient rabbits. In every case, unless specially mentioned, P < 0,05-0.02.

of their migration from the fragments was observed. In the direct method the supernatant obtained after
preliminary incubation of blood leukocytes or lymph gland cells with donors' cells for 24 h at 37°C was
tested for its ability to inhibit the migration of spleen cells of intact animals. For this purpose pieces of
spleen of animals of the same species or line as the recipients and also of other lines or species were used.

Appropriate controls [4] were set up (Figs. 1 and 2).

EXPERIMENTAL RESULTS

When the direct method of inhibition of migration was used, on the 3rd day after transplantion donors'
antigens were shown to inhibit (index of inhibition of migration < 1.0) or to stimulate (index of stimulation
of migration > 1.0) the migration of spleen cells of mice receiving allogeneic or xenogeneic skin grafts
(Fig. 1). Stimulation and inhibition of migration reflect different degrees of sensitization to antigens [19,
20]. If strong sensitization to the donors' antigens was present in some mice, inhibition of migration was
observed, while weak sensitization of other animals under the same experimental conditions led to stimula-
tion of the migration of spleen cells. The strongest inhibition of migration was observed in the period
preceding rejection of the grafts (Fig. 1). The degree of sensitization could depend not only on the number
of sensitized cells in the lymphocyte population but also, evidently, on their sensitivity to the antigen.

It was shown by the indirect method that the supernatant obtained after incubation of viable blood
leukocytes or lymph gland cells from the recipients with the donors' antigens inhibited migration of the
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spleen cells of the intact animals (Fig. 2). The supernatant of sensitized cells, incubated with antigens and
disintegrated by freezing and thawing, did not affect migration or had a weaker effect. By means of this
method sensitized cells were found in the blood and lymph glands of some rabbits 2 days after transplanta-
tion, and in the lymph glands of mice 3 days after transplantation (Fig.2). The migration-inhibiting factor
secreted by sensitized lymphocytes into the supernatant under the influence of the specific antigen, it will
be noted, was neither strain-specific nor species-specific. For instance, the supernatant obtained after
incubation of lymph gland cells of B10-D2 recipient mice with antigens of C5781/10Sn donors was able

to inhibit the migration of spleen cells of mice belonging to lines C3H/He and A. On the other hand, the
supernatant obtained after incubation of leukocytes of rabbits receiving allografts with the donors' antigens
was able to inhibit migration of the spleen cells of intact mice by comparison with the controls. This last
observation agrees with those obtained by other workers [7}. Sometimes the supernatant of recipients’
lymph gland cells incubated with intact antigens obtained from other rabbits had some effect on migration
of the test spleen cells. This effect was evidently due to the presence of common isoantigens in the intact
animals and in the donors. In fact, migration of spleen cells of B10-D2 mice receiving skin grafts from
C57B1/108n mice were inhibited by antigens of lymph gland cells of CC57W mice, containing the same
allospecificities of the H-2 locus as the donors, but not by antigens of lymph glands of BALB/c mice, de-
ficient in these allospecificities.

In the period of marked destruction of allogeneic (9th-10th days) and xenogeneic (6th day) grafts, the
results of both the direct and the indirect migration methods showed that sensitization could be diminished
(Figs. 1 and 2), presumably because of the participation (and, perhaps, the death) of the sensitized cells in
the destruction of the grafts. This evidently could not have been the reason why the supernatant of the
blood leukocytes obtained from recipient rabbits on the 9th day after grafting, and incubated with donors
antigens, had no effect on migration of the allogeneic splenic test cells. However, definite inhibition of
migration of the spleen cells of intact rabbits was observed in the supernatant of lymph gland cells taken
at the same time and incubated with donors' antigens. In the period immediately after rejection of the
grafts, sensitization of the cells was considerable, but later it weakened appreciably.

The results of both the direct and indirect tests of inhibition of migration of spleen cells in vitro thus
showed that lymphocytes sensitized to donors' antigens appear in the blood, lymph glands, and spleen of the
recipient before rejection of the grafts. Sensitization reaches its maximum a few days before the beginning
of graft rejection, and has begun to weaken at the time of marked destruction of the graft. Since the partic-
ipation of sensitized cells in the process of graft destruction is generally accepted, the appearance of these
cells can be used as a criterion of the onset of sensitization and the impending crisis of rejection. The use
of the macrophage migration-inhibition test in capillary tubes [8, 11, 13] or of the indirect-spleen-cell
migration-inhibition test [4] with fragments of xenogeneic test spleen enables these methods to be used in
clinical practice.
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