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Summary

Neonatal polymorphonuclear leukocytes (PMNs) have previ-
ously been shiown to be chemotactically deficient. To probe the
mechanism(s) responsible for this deficiency, we have investigated
the phenomenon of concanavalin A-induced capping in neonatal
PMNs. PMNs from cord blood of 17 healthy, full-term infants and
17 normal adult volunteers were isolated by standard Ficoll-Hy-
paque and dextran sedimentation. After incubation with and with-
out colchicine, the cells were reincubated with fluorescein isothi-
ocyanate-Con A, fixed, and prepared in wet mounts. Using a
fluorescence microscope, PMNs were identified, and the percent-
age of the capped cells was counted.

Upon treatment with colchicine, adult PMNs showed a signifi-
cant increase in the percentage of capped cells. By contrast, the
cord blood PMNs showed no significant increase in capping after
colchicine treatment. The difference between percentage of PMNs
showing colchicine-induced capping in adult and cord blood was
highly significant (P < 0.01; Student’s ¢ test).

Speculation

Increasing evidence suggests that a primary developmental de-
ficiency of neonatal polymorphonuclear leukocyte movement plays
an important role in the compromised inflammatory response
characteristic of this period of life. The data presented in this
report strengthen the argument that the level at which the devel-
opmental deficiency. operates is at the cell membrane. Future
studies should be directed towards determining whether this rep-
resents a primary membrane abnormality or, rather, reflects a
defect of cytoskeletal or other submembranous components. Such
knowledge would hopefully lead to improved therapeutic enhance-
ment of the efficiency of neonatal polymorphonuclear leukocyte
movement.

Chemotaxis of human polymorphonuclear leukocytes (PMNs)
involves interactions between the cell membrane and several
cytoplasmic cytoskeletal elements—the microtubules and micro-
filaments. The precise nature of these relationships, however, is
unclear. Among the available in vitro probes for characterizing
these interactions is “capping,” or the accumulation of ligand-
receptor complexes at a localized site (9).

In lymphocytes, capping can be induced by incubation with
polyvalent ligands such as antibodies. _

Capping in normal human PMNs can also be demonstrated
after exposure to the lectin, concanavalin A (Con A). In normal
PMNs, however, ‘Con A capping is significantly increased by
incubation of cells with an agent such as colchine, a microtubule
disrupter (6).

By contrast, PMNs from patients with Chediak-Higashi syn-
drome do not require preincubation with colchicine and will
significantly cap just upon Con A treatment (6, 7). Such PMNs

also show defective chemotaxis, thereby suggesting an association
between capping and movement in PMNs.

PMNs from normal human neonates also show deficient chem-
otaxis (2, 4, 8). To better characterize the nature of this defect, we
studied capping in neonatal PMNs, both spontaneously and in
response to incubation with colchicine.

MATERIALS AND METHODS

Cord blood from normal human term neonates was obtained
immediately after delivery. Venous blood was obtained from
normal adult donors. PMNs from either source were isolated by
standard Ficoll-Hypaque differential centrifugation and dextran
sedimentation (1). The final PMN suspension, which was approx-
imately 90% pure, was then standardized to a concentration of 1
X 10° PMNs per ml Dulbecco’s phosphate buffered saline (PBS).
Capping was studied essentially as described by Oliver e al. (6,
7). Aliquots of each PMN sample were incubated either with or
without 5 X 107° M colchicine (Sigma Chemical Company, St.
Louis, MO; lot 28C-0030) for 30 min at 37°C. Each aliquot was
then incubated with 1.25 X 107° g/ml of fluorescein isothiocyanate
conjugated (FITC) Con A (Cappal Laboratories, Inc., Cochran-
ville, PA; lot 11608) for 7 min and fixed at room temperature with
2% paraformaldehyde. Before use, the FITC-Con A was purified
by affinity chromatography on Sephadex G-50. Excess FITC-Con
A was washed from the final preparations with PBS. The PMNs
were then resuspended in 10 to 20 pl of PBS from which wet
mounts were prepared. The pattern of fluorescence was then read
utilizing a Zeiss epiiluminator with an FITC interference filter,
450 dichroic mirror, 53 barrier filter, and a 100 neofluar phase
objective.

Cells were scored as either capped or uncapped. The capped
category included PMNs in which the FITC-Con A had clearly
aggregated into one region or pole of the cell (Fig. la) or those in
which the FITC-Con-A had aggregated into one region and then
formed a knob-like projection. The uncapped category included
cells in which little localized fluorescence was observed (Fig. 1b)
or those in which only random patches occurred (Fig. l¢).

RESULTS

Seventeen samples each of cord and adult blood were tested.
One hundred consecutive PMNs from each sample were scored as
capped or uncapped. Slides were coded and read by observers
unaware of the code, thereby limiting subjectivity.

The data are shown in Figure 2. As expected, adult PMNs not
incubated with colchicine showed only 16% capped cells. Upon
preincubation with colchicine, however, a significant increase to
48% capped cells was observed. In contrast to the adult PMNG,
however, the colchicine-treated cord cells failed to show a signifi-
cant increase in capping over spontaneous levels. The mean value
of spontaneous capping in the cord PMNs was 18 and 22% when
pretreated with colchicine.
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Fig. 1.

To further demonstrate the specificity of the reaction, we treated
the cells with 50 mM a-methyl mannoside, a competing hapten
sugar (6, 7). This removed labeling of the diffuse or capped cells,
but had no effect upon the patched cells. The latter presumably
reflects endocytosed Con A, which is inaccessible to the sugar (6,
7).

DISCUSSION

These studies were carried out to further characterize the nature
of the movement defect of neonatal PMNs. Previous observations
have implicated abnormal membrane activity in neonatal PMNs.
In addition to deficient chemotaxis (2, 4, 8), we have observed
decreased deformability of neonatal PMNs (5). Mease et al. (3)
have demonstrated decreased phytohemagglutinin-induced aggre-
gation of human PMNs. Together, the findings suggest a devel-
opmental membrane or membrane-associated abnormality in the
neonatal PMN.

Patterns of fluorescence of FITC-Con A. g, capping; b, no localization; and ¢, random patches. See text for details.

The data in this report lend further support to the concept.
Capping reflects membrane fluidity, which in turn reflects sub-
membranous cellular events including the cytoskeletal compo-
nents of the PMN.

To establish that the observed abnormal capping reflects a true
state of the neonatal PMN and not an artifact of either the trauma
of childbirth or the uniqueness of cord blood PMNs, several other
studies were performed. First, we tested PMN capping in cells
from six normal older neonates, ranging in age from 1 day to 4
months. These results were identical to our results from cord blood
PMN:s. In other words, no significant increase of capping occurred
in the older neonatal PMNs treated with colchicine. In another
study, we considered whether maternally derived factors which
might inhibit cap formation in cord PMNs were present in the
blood around the time of delivery. Maternal PMNs were tested
Jjust before and after delivery. These results were identical to those
of normal adults. The mothers” PMNs demonstrated low sponta-
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Fig. 2. Effects of colchicine treatment upon Con A capping of adult (left frames) and cord blood (right frames) PMNs. Untreated adult and cord
PMNs show comparable degrees of capping. Upon colchicine treatment, adult PMNs show significant increase in capping (P < 0.01; Student’s  test),

but cord cells are unaffected.

neous capping with a significant increase upon colchicine treat-
ment.

Finally, the possibility of an inhibitor in cord blood which
might impair colchicine-induced capping was further explored by
incubating adult cells in cord serum before the study. Such PMNs
showed a normal increase in capping after incubation with col-
chicine, even in the presence of cord serum. This, plus the fact
that the first group of studies were carried out utilizing washed,
serum-free PMN suspensions provided strong evidence that the
defect of colchicine-induced capping is intrinsic to cord blood and
neonatal PMNs and not due to a humoral inhibitor.

Thus, decreased capping can now be added to the recognized
functional perturbations of the neonatal PMN. Combined with
decreased movement (2, 4, 8), decreased deformability (5), and
decreased lectin-induced aggregation of these cells (3), the data
strongly point to a developmental functional PMN membrane
abnormality. Whether this functional deficiency derives from a
primary membrane defect or an indirect effect of submembranous
elements upon the membrane remains to be determined.
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