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INHIBITION OF LLEUCOCYTE MIGRATION IN
MAN BY THE AGAROSE PLATE TECHNIQUL
USING PROTEIN PURIFIED DERIVATIVES
(PPD) FROM THREE DIFFERENT SOURCES

By
A.PASSALEVA, A.FORTI & M. RICCI

The leucocyte migration test as a measure of delayed hyper-
sensitivity in man has been widely used in many laboratories in
recent years. However, the results reported are not quite con-
cordant.

Several workers have shown a good correlation between in-
hibition of leucocyte migration and delayed skin reactions (1,
2, 4, §, 16, 18, 21). On the other hand, other workers were
not able to demonstrate a close correlation between the degree
of skin reactivity and the extent of leucocyte inhibition (19),
or even between the leucocyte migration test and positive or
negative delayed skin reactions (14, 135). Lack of reproduci-
bility and of reliability in interpretation of the results have
also been observed (3, 13).

It has been suggested that the capillary tube technique for
demonstrating antigen-induced leucocyte migration inhibition
gives reproducible results chiefly when particulate antigens are
used. Soluble antigens are less effective and high concentra-
tions of antigens are required to obtain good results (14, 15,
22).

In 1971 Clausen proposed an agarose plate technique as an
alternative method to the capillary tube one. The agarose
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plate technique, compared to the capillary tube method, seems
to be more sensitive—<chiefly when soluble antigens are used—,
more economical in cells and antigens, and easier and quicker
to perform.

This study was carried out in order to confirm the reprodu-
cibility and sensitivity of the method with soluble antigens
{Protein Purified Derivative—PPD), and to evaluate the
possibility of using it in clinical practice,

MATERIAL AND METHODS

Our study was carried out on a group of 20 Mantoux-positive and a group of
17 Mantoux-negative persons.

Intracutaneous tuberculin reactions were regarded as positive when an indura-
tion of 3§ mm or more was observed 72 hours after the intradermal injection of
s LU. or 10 L.LU. of PPD. Mantoux-negative people were considered those with
negative reactions to both intradermal tests. All intradermal tests were carried
out after collection of bload samples for migration inhibition tests.

The agarose medium was prepared every day according to the method pro-
posed in 1971 by Clausen (6). Briefly, agarose, TC medium 105 (Difco), horse
serumn and distilled water were added in proportions to vield a final solution
containing 1.00 per cent agarose, ro per cent horse serum and single strength
TC medium 109. The pH was adjusted to between 7.2 and 7.4 by addition of a
solution of sodium bicarbonate (ro per cent Difco).

10 ml agarose medium were poured into glass Petri dishes (s ¢cm diameter)
and, after cooling, 10 holes of 2 mm diameter were cut in each plate using a
stainless steel punch connected to a suction pump.

Leucocytes were obtained by spontaneous sedimentation of heparinized venous
blood. After sedimentation for ane hour at 37° C, the leucocyte rich plasma was
removed, centrifuged at 220 X g for s min and the cell pellet washed twice in
TC 10y, a third wash being done in TC 109 containing 1o per cent horse serum.
After the last wash, the lescocytes were counted in a Burker ehamber. TC me-
dium containing 1o per cent horse serum was then added in order to obtain a
final concentration of 2.2 X 10" leucocytes per ml. The average ratio between
polymorphonuclear and mononuclear cells was 64 to 36. There were about 2 red
blood cells for cach leucocyte (the average differential count being 68 per cent
r.be. and 3z per cent leucocytes). The final cell suspension contained about
96—98 per cent living cells as evaluated by the dye exclusion method. The cells
were then incubated at 37° C for V), hour in the presence of antigen, or for con-
trol without antigen, before being placed in the holes in the agarose plates.

It is important to cut holes just before placing the cells, in order to avoid
liquid filling the holes and thus preventing equal distribution of the cells.
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By means of a calibrated microcapillary, 7 gl leucocyte suspension containing
about 1.5 X 10" cells were placed in each hole in the agarose plates. All tests
were carried out at least in triplicate. Two holes in each plate served as control,
whercas antigen-preincubated cell suspensions were placed in the remaining pairs.
The agarosc plates were then incubated for 20 hours at 37° C and the migration
haloes recorded by photography and measured with a planimeter.

Migration Indexes (M) were expressed as a ratio berween the average
area of migration in the presence of antigen and the average area in control
cultures according to the following formula:

M = mean area of mx;._raxmn in tlu prumt_c of anug,m

mean area of migration in (he ah\encc of antigen

100

In some instances the cells were carefully removed from the plate after mi-
gration, stained with May Grinwald Giemsa and observed under high magnif-
ication.

The following three different preparations of PPD were used as antigens in
various mnounts;

PPD Sclavo (Siena, Italy) concentration in leucocyte suspensions was 100, 200,
300 of 400 pg/ml;

PPD Werbridge (England) was employed at oo or 200 ggiiml;

PPD from the State Serum Institute—S.8.1. (Copenhagen, Denmark) at ioo
pgdml.

RESULTS

As shown in Table £, the migration of leucocytes from Man-
toux-negative persons was not inhibited in the presence of
PPD (100, 200 and 300 pg/ml of PPD Sclavo; 100 and 200
pg/ml PPD Weybridge; and 100 gg/ml PPD S.5.1.). With
the highest doses of antigen (400 pg/ml), on the other hand,
an inhibitory effect was observed (mean M.I. = 84.89 per
cent). The difference between M1 using 100 pg/ml or 400
pg/mi of PPD (Scluvo was statistically significant (¢ =
2.3647: > < 0.05). This effect on leucocytes from Mantoux-
negative subjects seems to be due to a nonspecific effect of
high concentration of antigen. However, in some instances
M.1. higher than 80 per cenr were observed (see Table 1).
M.1. of leucocytes from Mantoux-positive subjects in the
presence of various doses of PPD from different sources are
reported in Table 2 and summarized in Figs. 1, 2 and 3.
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Fig. 1.

Migration Index (M.L) in Mantoux-positive (+) and Mantoux-negative(—)

subjects in the presence of various doses of PPD Sclave. The circles indicate the

mean value of M.I. for each dose of antigen; vertical lines represent the
Standard Deviation (£ s.d.).

The mean value of M.I. for 8 Mantoux-positive subjects
in the presence of 100 and 200 pg PPD (Sclavo)/ml was
88.16 (s.d. = 10.91) and 88.68 (s.d. == 11.36) respective-
ly. The difference between these two M.1. and the correspond-
ing M.1. observed in Mantoux-negative subjects was not sta-
tistically significant. When PPD (Sclavo) concentration in
leucocyte suspensions was 300 pg/ml, the mean M.]. obtained
in 12 Mantoux-positive persons was 79.83 per cent (s.d. =
13.94). The difference between the latter and the mean value
of M.I. in Mantoux-negative subjects {challenged with 300 pg
PPD (Sclavo}/ml)) was statistically significant (t==73.1489;
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M.I. in Mantoux-positive {+) and Mantoux-negative (—) subjects in the pre-
sence of various doses of PPD Weybridge. The circles indicate the mean value
of M.I. for cach dose of antigen; vertical lines represent % s.d.

0.001 < I’ < 0.01). The mean value of M.I. in 18 Mantoux-
positive subjects tested with 400 ug PPD (Sclavo)/ml was
72.79 per cent (s.d. = 14.06). The difference between this
M.I. and the corresponding M.1. obtained in Mantoux-nega-
tive subjects was barely significant (t = 2.0648; 0.02 < P <
0.0§).

Eleven and g tuberculin-positive subjects were tested using
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Fig. 3.
M.L in Mantoux-positive (+) and Mantoux-negative (—) subjects in the pre-
sence of PPD from Statens Serum Institute. The circles indicate the mean value
of ML.L.; vertical lines represent * s.d.

100 and 200 pg PPD (Weybridge)/ml respectively. The
mean value of M.1. (79.32 —s.d. + 15.94 —and 78.02 —s.d. =
11.23 respectively) was significantly lower than the corre-
sponding M.I. from Mantoux-negative persons (t == 3.3972;
0.0001 < P < 0.01 and t = 4.0332; P < o0.001).

Eight tests were performed using PPD from S.8.1. (100
ng/ml). The mean value of M.I. was 80.86 (s.d. = 10.33)
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and the comparison with the corresponding M.I. obtained
in Mantoux-negative subjects was statistically significant (t =
4.9768; P < 0.001).

The migration area contained leucocytes exclusively, ery-
throcytes being observed only at the bottom of the holes cut in
the agarose gel. The cells clearly migrated between the aga-
rose and the surface of the Petri plate. The migratory leuco-
cytes were both granulocytes and mononuclear cells; the latter
were found to predominate at the periphery of haloes while
the former were in prevalence near the holes. When the cells
were allowed to migrate for more than 24 hours, the migra-
tion area grew larger and thinner, on account of either pro-
gressive mononuclear cell migration or the disappearance of
most granulocytes.

DISCUSSION

Our results confirm that the agarose plate technique proposed
by Clausen (6) for the demonstration of antigen-induced mi-
gration inhibition of peripheral blood leucocytes is reproduci-
ble, easy to carry out and offers some advantages in compari-
son with the capillary tube method.

The most important advantage would be the possibility of
saving antigen. In fact, despite the high concentration needed
in leucocyte suspensions, small amounts of antigen are enough
to obtain the required concentrations.

The agarose plate technique seems also to be more sensitive
than the capillary tube one (9). This is probably due chiefly
to the fact that the leucocytes migrate more quickly in agarose
medium during the first 4 hours of culture than they do from
capillaries, and are therefore more sensitive to MIF effect
(8). In fact it has been suggested by Clausen (8) that the
MIF sensitivity of migrating pelymorphonuclear cells progres-
sively decreases during the culture period.

However, the specificity of the method was not completely
confirmed. Our results correlate well with skin reactivity and
are statistically significant when groups of Mantoux-positive
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or Mantoux-negative subjects are considered, but M.I. of in-
dividual persons are not always correlated with the skin test
results, even when high concentrations of PP} arc used in
culture (Tables 1 and 2 and Figs. 1, 2 and 3).

Furthermore, only high doses of PPD, close to “toxic”
doses, give low M.I. closely correlated with positive Mantoux
tests. This makes the method somewhat difficult to employ
with soluble antigens. It may also be observed that different
antigen preparations give different results. In this connection,
the same source of antigen should be used in order to compare
data obtained by different workers. In our previous experi-
ments, we were unable to confirm Clausen’s results when using
the same amount of PPD (Sclavo) in cell suspensions. How-
ever, during the preparation of this manuscript Clausen pub-
lished a study on the effect of varying doses of PPD on the
migration of human peripheral blood leucocytes (11). Our
results are similar to those obtained by Clausen in Mantoux-
positive persons with high doses of PPD (100, 200, 400 ng
PPD from S.5.1./ml), but mean M.I. as well as single M.1.
are higher than those observed by Clausen. It should be noted
that the PPD we used at high concentration (PPD from
Sclavo and Weybridge) was different from that employed by
Clausen.

In Mantoux-negative subjects (only one case is reported by
Clausen), mean ML.1. with 200 and 300 pg/ml of PPD Sclavo
and with 200 ug/ml of PPD Wevbhridge are similar to those
obtained with 100 pg/ml of PPD Sclavo and Weybridge. Only
with 400 wg/ml of PPD Sclavo was there a significant de-
crease in M.I. However, considering the single M.1., 4 were
lower than 8o per cent while 6 were higher than 8o per cent,
ranging from §1.26 per cent to 110.98 per cent. A slight non-
specific (“toxic”?) effect may therefore be present at this
dose of antigen.

According to our observations, the inhibited cells seem to
be mononuclear leucocytes. These cells are found at the pe-
riphery of haloes and seem to be affected by MIF, whereas
the polymorphonuclear leucocytes always remain near the
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holes in inhibited and uninhibited areas. Similar observations
were made by Rosenberg & David (19) and by Falk (12)
using the capillary tube technique. It i1s worth noting that in
the capillary tube migration test the mononuclear cells are
mainly found at the center of haloes (20).

It has been demonstrated that homologous IgG (v, sub-
class) may cause leucocyte inhibition in the presence of specific
antigen (17). This observation leads us to the question of the
immunological significance of the method. In this regard,
Clausen reported that significant leucocyte migration inhibi-
tion could be observed cither in the presence of cell-frec super-
natants from mixed human lymphocyte cultures (7) or in the
presence of cell-free supernatants from tuberculin-stimulated
cultures of human mononuclear leucocytes (10). Similar re-
sults are confirmed by Weisbart et al. (22), who also provide
some evidence for antigen dependency of MIF in leucocyte
migration inhibition in the presence of PPD. These data seem
to exclude the effect of cell-bound antibodies on migration of
peripheral blood leucocytes. Furthermore, in our studies as
well as in those of Clausen (6), Astor et al. (1) and Weisbart
et al. (22), circulating or cell-bound antibodies are not likely
to be involved, since the cells are washed several times and re-
suspended in inactivated heterologous serum, before being
placed in migration plates,

Although several years have passed since the first descrip-
tion of the method of leucocyte migration inhibition in the
presence of soluble antigens, further studies seem to be needed
in order to establish definitively its usefulness and immunolo-
gical significance.

SUMMARY

In witro response to Protein Purified Derivative (PPD) was
evaluated by the leucocyte migration inhibition test with the
agarose plate technique. Three different sources of PPD were
used, and some differences were observed with different prep-
arations. A dose-response curve was studied in Mantoux-posi-
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tive and Mantoux-negative subjects with one preparation of
PPD. A good correlation between in vitro tests and skin tests
was observed, although single in <itro and in wizvo reactions
were not always concordant.
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