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ABSTRACT. Leukotriene B4 (LTB4) is a product of ara- 
chidonic acid metabolism and a potent chemoattractant for 
adult polymorphonuclear leukocytes (PMN). LTB4 may 
be an important inflammatory mediator in neonatal lung 
disorders such a s  bronchopulmonary dysplasia, but neo- 
natal P M N  chemotaxis to LTB4 has not been studied. We 
compared total P M N  migration and its components, 
chemotaxis and chemokinesis, to LTB4 in newborns and 
adults. P M N  from healthy adults and umbilical blood of 
healthy, full-term newborns (n = 21 pairs) were incubated 
in a 48-well chemotaxis chamber using 10-pm thick poly- 
carbonate membranes. Membranes with pore sizes of 
either 3 or 5 pm (diameter) were used to assess the 
influence of P M N  deformability on chemotaxis. For both 
3- and 5-pm filter pore sizes, total P M N  migration in- 
creased in a dose-dependent manner from an LTB4 concen- 
tration of to M .  The increase in total P M N  
migration was due entirely to chemotaxis (no chemokine- 
sis) for newborns and adults. However, chemotaxis for the 
newborn was markedly attenuated, specifically, 14 and 
24% of adult values a t  LTB4 concentrations of lo-' and 
lo-' M, respectively, with the 3-pm pore size. With the 5- 
pm filter pore size, newborn chemotaxis significantly in- 
creased to 40 and 49% of adult values a t  LTB4 concentra- 
tions of lo-' and lo-' M, respectively. We conclude that 
P M N  chemotaxis to LTB4 in vitro is lower in newborns 
than in adults and part of this impairment may be caused 
by a decreased deformability of the newborn PMN. De- 
creased P M N  chemotaxis to LTB4 may protect against 
excessive inflammation, a s  in bronchopulmonary dysplasia, 
but may increase susceptibility to infection in the newborn. 
(Pediatu Res 33: 242-246, 1993) 

Abbreviations 

HBSS, Hanks' balanced salt solution 
LTB4, leukotriene B4 
PMN, polymorphonuclear leukocyte 

LTB, is a lipid mediator derived from the 5-lipoxygenase 
pathway of arachidonic acid metabolism in a variety of cells such 
as macrophages and neutrophils. LTB4 is one of the most potent 
endogenous chemoattractants for adult human PMN in vitro (1 - 
3) and in vivo (2, 4).  Increasing evidence indicates that LTB4 
plays a critical role in a variety of inflammatory diseases (5), 
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including neonatal disorders such as bronchopulmonary dyspla- 
sia (6). Newborns are known to have lower PMN chemotaxis 
than adults for several types of stimuli (7) such as the bacterial 
peptide, N-formyl-methionyl-leucyl-phenylalanine. However, 
there are no previous reports that have examined PMN chemo- 
taxis to endogenous inflammatory lipid mediators such as LTB, 
in the newborn. 

The first aim of the present study was to compare LTB4- 
stimulated migration of PMN in vitro in newborns and adults. 
For both groups, PMN migration was measured in terms of 
baseline unstimulated PMN migration, total stimulated PMN 
migration, chemokinesis (random stimulated migration), and 
chemotaxis (directed stimulated migraton). The second aim was 
to examine whether developmental differences in PMN migra- 
tion to LTB4 in vitro could be explained by a difference in 
neutrophil deformability. 

MATERIALS AND METHODS 

Blood samples. Five to 10 mL of blood were obtained from 
healthy, adult human volunteers or from the umbilical vein of 
healthy, full-term infants immediately after delivery by routine 
cesarean section without general anesthesia. Blood samples were 
drawn into heparinized preservative-free tubes (Becton Dickin- 
son, Rutherford, NJ). Blood sample collection for this study was 
approved by the Human Subjects Review Committee of Long 
Island Jewish Medical Center. 

Preparation of LTB4. LTB4 50 pg/mL (Biomol, Plymouth 
Meeting, PA) was diluted with HPLC grade ethanol to and 
100-pL aliquots were then stored at -75°C. On the day of each 
experiment, fresh serial dilutions, to M, were obtained 
using HBSS (Gibco, Grand Island, NY). 

PMN isolation. Two different methods of PMN isolation were 
used, corresponding to two sequential sets of experiments using 
3- and 5-pm filter pore sizes. Experiments with the 5 - ~ m  filter 
pore size were performed to determine whether neonatal PMN 
deformability had an effect on chemotaxis. These experiments 
required a more pure PMN isolation so that lymphocytes would 
not confound the counting of PMN that migrated through the 
filter. 

The first set of experiments used the method described by 
Harvath et al. (8). Ten mL of blood were mixed with 3.2 mL of 
5% dextran T-500 (Pharmacia LKB, Piscataway, NJ) in PBS 
(Sigma Chemical Co., St. Louis, MO). Blood was left at room 
temperature to settle for 45 min. The neutrophil-rich plasma was 
transferred to a 15-mL conical polypropylene tube and centri- 
fuged at 400 x g for 5 min. After discarding most of the 
supernatant, the pellet was resuspended in the residual fluid. 
Remaining erythrocytes in this mixture were lysed by the addi- 
tion of 3 mL of 0.034% NaCl for 30 s followed by the addition 
of 3 mL of 0.28% NaCl and cold Hanks'(-) (no calcium or 
magnesium) to fill the 15-mL tube. The sample was then centri- 
fuged at 400 x g for 5 min. Cells were washed twice with 15 mL 
of Hanks7(-) and spun down (400 x g, 5 min). The pellet was 
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resuspended in I m L  of cold Hanks'(-) and kept on ice for about 
30 min. A drop of neutrophil suspension was stained (Diff-Quik, 
Baxter Scientific Products, McGaw Park, IL) to  determine the 
percentage of the cells that were PMN. For the newborn it was 
6 3  -t 3%, and for the adult it was 75 + 2%. Final PMN 
suspensions used for chemotactic assay were adjusted to 106 
PMN/mL using Hanks' with calcium and magnesium (HBSS). 
With use of this method of PMN isolation, cell viability assessed 
by the trypan blue dye exclusion method (Sigma) was 98.4 + 
0.3% for adult PMN and 97.2 + 0.7% for the newborn. 

For the second set of experiments, using the 5-pm pore size 
filter, we used a modification of the method described by Boyum 
(9). Six mL of blood were layered over 3 m L  of Histopaque 1077 
(Sigma) and spun in a centrifuge at  400 x g for 25 min. The 
supernatant and interface, containing primarily lymphocytes and 
monocytes, were removed, and the remaining mixture of blood 
cells was reconstituted with Hanks'(-) to 10 mL. Subsequent 
steps using dextran sedimentation and red blood cell lysis were 
identical to the first method described above. For the second 
method, the percentages of neutrophils that were identified as 
PMN were 92 + 1 % for the newborn and 94 + 1 % for the adult. 
The  viabilities of the PMN using the second method were 94 ? 
1 % for the newborn and 95 ? 1 % for the adult. 

Chemotactic assay. A 48-well micro-chemotaxis chamber 
(Neuro Probe, Cabin John, MD) was used to study PMN motility 
(10). The chamber contains 25-pL lower wells for the chemotac- 
tic stimulus, separated by a filter from the 5 0 - ~ L  upper wells for 
placement of the PMN suspension. The lower wells were filled 
with either control solution (HBSS+) or solutions containing 
LTB4 to M. The filter was a polyvinylpyrrolidine-free 
polycarbonate membrane (Nucleopore, Pleasanton, CA) (8). It 
was 10 pm thick and was available with pore sizes of 3 or 5 pm 
(diameter). The upper chamber well was filled with 50 pL of a 
PMN solution of 106 PMN/mL. Chemotactic assays were paired 
for one adult and one newborn subject within the same chamber. 
Assays were run in triplicate for each concentration. After the 
PMN solutions were added to the upper wells, the entire chamber 
was placed in an incubator for 40 min at 37°C with humidified 
room air. When the incubation period was completed, the filter 
was carefully removed. PMN that did not migrate were wiped 
off the upper surface of the filter against a rubber blade (Neuro 
Probe). The remaining PMN on the filter were then stained with 
Diff-Quick. Using an optical grid and magnifications ranging 
from 100 to 1000x, 50 areas (0.01 mm2) were counted and 
averaged. The results were expressed as PMN per mm2. 

The fractions of chemokinesis and chemotaxis that made up 
the total number of migrated PMN were determined by filling 
each additional upper well with a PMN suspension containing 
a n  LTB4 concentration equal to that of its respective lower well. 
This method eliminates the chemotactic gradient for chemotaxis 
(directed migration). Under these conditions, any PMN migra- 
tion that occurred could be accounted for by chemokinesis 
(random stimulated migration) or control, unstimulated migra- 
tion. Therefore, chemotaxis values were derived from the total 
migration minus the chemokinetic component. The LTB4 con- 
centrations that gave a submaximal response, lo-' and M, 
were selected for these additional studies. For both one newborn 
and one adult, the total migration response curve to all LTB, 
concentrations and the additional chemokinesis studies could be 
performed in triplicate in one 48-well chamber. 

Effict ~/!f:/ilter pore size on chemotaxis. Chemotaxis data was 
also analyzed in terms of differences between filters with 3-pm 
pores and those with 5 - ~ m  pores to  address the question of 
whether neonatal PMN may be less deformable than adult PMN. 
Because of the differences in the number of pores/mm2 for the 
two types of filters, chemotaxis in terms of absolute numbers of 
PMN migrated/mm2 could not be compared. Therefore, a 
chemotaxis index was used. This index was defined as the num- 
ber of PMN that migrated by chemotaxis x 100%, divided by 
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the total PMN migration for a given pore size, LTB4 concentra- 
tion, and subject group. 

Drop-off stzidies. The number of PMN that migrated through 
the filter and then dropped into the lower chamber were deter- 
mined in a series of chemotactic assays using individual blind 
well chambers and the same filters as the assays above. These 
experiments were performed to rule out the possibility that the 
decrease in neonatal chemotaxis was not artifactual due to neo- 
natal PMN that migrated through but then dropped off the filter. 
The blind well chamber has a larger lower well (100 pL) so that 
any PMN that dropped off the filter could be more easily 
recovered for counting than with the microwell chamber. Mi- 
grated cells per mm2 were counted, and this result was corrected 
to the total surface area of the filter over the well. The PMN 
concentration in the lower well was counted with a hemocytom- 
eter. The drop-off results express the PMN concentration of the 
lower well divided by the total PMN on a filter area correspond- 
ing to a well multiplied by 100%. 

Statistics. A one-way analysis of variance for repeated meas- 
ures was used to determine whether LTB4 increased PMN mi- 
gration for the newborn and adult. Differences in adult versus 
newborn total PMN migration, chemotaxis, chemokinesis, and 
control unstimulated migration were determined by unpaired t 
testing with a Bonferroni correction for multiple t tests (at 
different LTB4 concentrations). The overall p value of 0.05 was 
used, but if comparisons were made at five different concentra- 
tions then a p value of 0.01 was considered significant (1 1, 12). 
Differences between chemotaxis indices (for comparison of 
chemotaxis using filters with differing pore size) were determined 
by an unpaired t test. 

RESULTS 

Assays using 3 - p n  ,filter pore size. The total PMN migration 
in response to LTB4, for 12 adults versus 12 newborns, is shown 
in Figure 1. Baseline migration (unstimulated random migration, 
no LTB4 stimulation) was slightly but significantly higher in the 
newborn than the adult. LTB4 increased total PMN migration 
in a dose-dependent manner for the newborn and the adult. 
However, total migration was significantly lower in the newborn 
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Fig. I .  Comparison between newborn and adult total PMN migration 
in vifro using a 3-pm filter pore size and LTB4 as the chemoattractant. 
PMN migration for the newborn and adult increased significantly from 
baseline as the concentration of LTB4 increased: however, this response 
was markedly attenuated for the newborn. 
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than the adult for the submaximal stimulatory concentrations of 
lo-'  and lo-' M. Figure 2 depicts the components of LTB4- 
induced PMN migration, chemotaxis and chemokinesis, for six 
newborns and six adults a t  lo-' and lo-? M. At both concentra- 
tions, the chemotaxis components of total migration were signif- 
icantly less for the newborn (14 and 38% of adult values, respec- 
tively). It was surprising that the chemokinesis component at  
both concentrations of LTB, was no greater than baseline migra- 
tion for the adult and the newborn. The decreases in total 
migration and chemotaxis that we observed for the newborn and 
adult could not be explained by a drop-off of PMN from the 
bottom of the 3-pm filter into the lower well. Drop-off values for 
the newborn and the adult, 6.9 + 0.7% and 9.6 -t 1.7%, respec- 
tively, were not significantly different. 

Assays using 5 - ~ m  filfer pore size The total PMN migration 
in response to LTB, is shown in Figure 3. LTB, increased total 
PMN migration above baseline for both the newborn and the 
adult in a concentration-dependent manner. The absolute num- 
ber of cells that migrated was less for the 5-pm filter pore size 
than for the 3-pm filter pore size at each of the LTB4 concentra- 
tions. This could be accounted for by the smaller number of 
pores that were counted per microscopic field in the filter with 
the 5-pm pore size (25% of the number counted for the filter 
with the 3-pm pore size). As with the 3-pm filter, total migration 
was markedly reduced for the newborn compared with the adult. 
At an LTB, concentration of lo-' M, this was not significant 
statistically ( p  = 0.056), but a t  lo-' and M total migration 
was significantly reduced for newborns ( p  = 0.01). 

Chemotaxis and chemokinesis using the 5 - ~ m  filter pore size 
are shown in Figure 4. We found that neonatal PMN chemotaxis 
was also decreased (49% of adult values, p = 0.001) using this 
larger filter pore size at an LTB, concentration of lo-' M. For 
LTB, lo-' M, the newborn chemotaxis was 4 0 %  of the adult 
chemotaxis; however, these results indicated a trend, inasmuch 
a s  statistical significance was not reached (p  = 0.08). Similar to 
the 3-pm filter pore size assays, there was no appreciable che- 
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Fig. 2. Components of total migration for newborn and adult PMN 
in vifro, using a 3-pm filter pore size and LTB, as the chemoattractant. 
T h e  whole bar (total migration) is divided into chemotaxis and chemo- 
kinesis. Chemotaxis accounted entirely for PMN migration above base- 
line in the newborn and adult; however, this response was markedly 
diminished for the newborn. 
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Fig. 3. Comparison between adult and newborn total PMN migration 
in vilro using a 5-pm filter pore size and LTB, as the chemoattractant. 
Total PMN migration increased significantly from baseline as the LTB4 
concentration increased; however, this response was markedly attenuated 
for the newborn. 
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Fig. 4. Components of total migration (chemotaxis and chemokine- 
sis) for newborn and adult PMN rn vifro using a 5 - ~ m  filter pore size 
and LTB4 as the chemoattractant. The whole bar (total migration) is 
divided into chemotaxis and chemokinesis. PMN chemotaxis was signif- 
icantly lower in newborns than adults. However, newborn PMN ehemo- 
taxis represented a greater proportion of total PMN migration than 
previous experiments using a 3 - ~ m  filter pore size. 

mokinetic component of PMN migration above baseline values 
(no LTB,). 

The chemotaxis index, that is, the chemotactic component of 
total migration for different filter pore sizes, is shown in Table 
1. For newborns, the chemotactic component of total migration 
increased significantly with the 5+m compared with the 3 - ~ r n  
filter pore size at  both concentrations of LTB,, lo-' and lo-? M. 
For adults, there were no changes in the chemotaxis index using 
the two different pore sizes and the two LTB, concentrations. 
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Table 1. Chemotaxis component o f  total PMN migration* to 
LTB4 in vitro: effect offilter pore size 

LTB4 Patient 3-gm 5+m 
concentration group ( n )  pore ( 7 6 )  pore ( 7 6 )  

M Newborn ( I  5 )  22 + 8 66 k 20t 
lo-n M Adult (14) 71 + 10 76 t 4 
lo-7 M Newborn ( I  5 )  43 + 9 8 0  t 67 
lo-7 M Adult (15) 77+5 82 t 6 

*Values = (chemotaxis/total migration) X l oo%,  mean -t SEM. 
t Values different between 3- and 5+rn filter pore size, p < 0 .0  1 ,  for 

same group and LTBI concentration. 

DISCUSSION 

The present study is the first to compare PMN chemotaxis in 
the newborn versus adult for endogenous lipid mediators such 
as LTB4. Using a 48-well chemotactic chamber, we found that 
PMN migration to LTB4 was decreased for the newborn in the 
range o f  14 to 49% o f  adult values depending on the LTB4 
concentration and filter pore size that was used. In this chamber, 
both newborn and adult PMN appeared to migrate toward LTB4 
via chemotaxis (directed stimulated migration) with no apprecia- 
ble chemokinetic component (random stimulated migration). 
Accordingly, chemotaxis specifically was found to be decreased 
in the newborn versus adult, and this finding may be partially 
explained by decreased neonatal PMN deformability based on 
experiments using differing filter pore sizes. 

For over a decade, LTB4 has been identified as a potent lipid 
mediator for adult PMN chemotaxis (1-3). On a molar basis, 
LTB4 has comparable, i f  not greater, chemotactic activity to the 
complement peptide, C5a, and the synthetic peptide F-met-leu- 
phe (2, 13). Peak chemotactic activity o f  adult PMN to LTB4 in 
a number o f  previous studies is in the range o f  to M 
( 1, 2, 14). These results are similar to those found in the present 
study for the adult and newborn PMN. In most o f  the original 
studies identifying LTB4 as a PMN chemotactic stimulus for 
adult PMN, there were no determinations o f  the chemokinesis 
and chemotaxis components o f  total migration. Our results differ 
from one previous study in which 70% o f  total migration o f  
adult PMN to LTB4 in vitro was accounted for by chemokinesis 
( 15). W e  found no appreciable chemokinetic component o f  total 
migration above random unstimulated migration for either the 
adult or the newborn PMN. Differences in assay methodology 
might explain these varied results. For example, in our study 
there was no protein in the upper-well PMN suspension, whereas 
in the former study a medium with I % heat-inactivated FCS was 
used. In the present study, we found that baseline unstimulated 
migration was mildly but signficantly increased for the newborn 
using the first PMN isolation method (8)  only. Although we did 
not directly test whether one or the other method preferentially 
activated neutrophils, it is unlikely that this affected our results 
regarding stimulated migration because I )  PMN viability was 
equally high using both methods, 2 )  chemokinesis for the new- 
born and the adult was the same as baseline regardless o f  PMN 
isolation method or LTB4 concentration used, and 3 )  the com- 
ponent o f  neonatal total migration due to chemotaxis was less 
for experiments in which PMN isolation was performed by the 
first as opposed to the second method. 

The present finding o f  decreased neonatal chemotaxis to LTB4 
is consistent with previous work demonstrating a decrease in 
neonatal PMN chemotaxis compared with adult PNM chemo- 
taxis for nonlipid stimuli such as N-formyl-methionyl-leucyl- 
phenylalanine, C5a, endotoxin, and serum activated by bacteria 
or zymosan (7,  13, 16-18). There is a wide range in the magni- 
tude o f  decrease in neonatal PMN chemotaxis reported previ- 
ously that may be related to the different assay techniques, filter 
pore sizes, age o f  the newborn or infant, and the type o f  chemo- 
attractant used (7). However, with so many different types o f  
stimuli associated with decreased neonatal chemotaxis, the pos- 

sibility o f  a common impaired mechanism involving intracellular 
signal transduction leading to actin polymerization (19) in the 
neonatal PMN is strengthened. There may also be impaired 
redistribution o f  adhesion sites (13), impaired aggregation (20), 
or decreased deformability (7 ,  2 1). 

T o  address whether decreased deformability could explain the 
decrease in neonatal PMN chemotaxis to LTB4 observed in the 
present study, we compared our assay results for 3- and 5 - ~ m  
filter pore sizes. The decrease in neonatal PMN chemotaxis with 
the 3-pm filter pore size persisted for the 5-pm filter pore size at 
lo-' M LTB4. For the M concentration, there was a statis- 
tically significant decrease in neonatal PMN chemotaxis com- 
pared with the adult using the 3-pm filter but only a strong trend 
toward a difference using the 5-pm filter. The chemotaxis index 
was used to account for differences in the number o f  pores per 
mm2 between the two filters. Although direct measurements o f  
PMN deformability were not performed, the results from the 
present study indicated that chemotaxis increased partially but 
significantly toward adult values using the 5 - ~ m  filter pore size. 
W e  conclude that a decrease in deformability may partially 
explain the decrease in neonatal PMN chemotaxis to LTB4. 

The role o f  LTB4-induced chemotaxis o f  PMN in neonatal 
inflammatory disorders has not been explored. Bronchoalveolar 
lavage o f  newborns with bronchopulmonary dysplasia has high 
levels o f  LTB4 and PMN (6). The striking recruitment o f  PMN 
into the air space o f  preterm infants who will develop broncho- 
pulmonary dysplasia begins within 3 d after birth (22). A positive 
feedback cycle for PMN recruitment could then start because 
neonatal PMN appear to have the same capacity to produce 
LTB4 as adult PMN (23). In vivo LTB4 has been shown to be a 
potent mediator o f  neutrophil recruitment into the air space o f  
the adult human lung (4).  In light o f  the present study, which 
demonstrates a decrease in neonatal PMN chemotaxis to LTB4, 
it could be suggested that newborns may be partially protected 
from neutrophil-induced tissue injury that may occur with non- 
infectious inflammatory disorders such as the oxygen toxicity 
component o f  bronchopulmonary dysplasia. On the other hand, 
the impairment o f  neonatal PMN chemotaxis to LTB4 may be 
an important cause o f  the increased susceptibility to infection in 
the newborn, especially for the very low birth weight infant who 
is also prone to bronchopulmonary dysplasia. The decrease in 
PMN chemotaxis to LTB4 and other chemotactic stimuli in the 
early neonatal period may be part o f  a delicate balance between 
host defense and prevention o f  excessive inflammatory responses. 
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