
Annals of Biomedical Engineering, Vol. 33, No. 4, April 2005 (© 2005) pp. 475–482
DOI: 10.1007/s10439-005-2503-6

Neutrophil Migration in Opposing Chemoattractant Gradients Using
Microfluidic Chemotaxis Devices

FRANCIS LIN,1,2 CONNIE MINH-CANH NGUYEN,2 SHUR-JEN WANG,2 WAJEEH SAADI,2

STEVEN P. GROSS,1,3 and NOO LI JEON2

1Department of Physics and Astronomy, University of California at Irvine, Irvine, CA 92697; 2Department of Biomedical
Engineering, University of California at Irvine, Irvine, CA 92697; and 3Department of Developmental

and Cell Biology, University of California at Irvine, Irvine, CA 92697

(Received 14 May 2004; accepted 18 October 2004)

Abstract—Neutrophils migrating in tissue respond to complex
overlapping signals generated by a variety of chemotactic factors
(CFs). Previous studies suggested a hierarchy between bacteria-
derived CFs and host-derived CFs but could not differentiate neu-
trophil response to potentially equal host-derived CFs (IL-8 and
LTB4). This paper reports neutrophil migration in conflicting gra-
dients of IL-8 and LTB4 using a microfluidic chemotaxis device
that can generate stable and well-defined gradients. We quan-
titatively characterized the movement of cells from time-lapse
images. Neutrophils migrate more efficiently toward single IL-8
gradients than single LTB4 gradients as measured by the effective
chemotactic index (ECI). In opposing gradients of IL-8 and LTB4,
neutrophils show obvious chemotaxis toward a distant gradient,
consistent with previous reports. When an opposing gradient of
LTB4 is present, neutrophils show less effective chemotaxis to-
ward IL-8 than when they are in a gradient of IL-8 alone. In
contrast, the chemotactic response of neutrophils to LTB4 is not
reduced in opposing gradients as compared to that in a single
LTB4 gradient. These results indicate that the presence of one
host-derived CF modifies the response of neutrophils to a second
CF suggesting a subtle hierarchy between them.

Keywords—Chemotaxis, Gradient, Hierarchy, Microfluidic, Mi-
gration, Neutrophil.

INTRODUCTION

Directed migration of cells guided by chemotactic
factors (CFs), chemotaxis, plays important role in host
defense,14 wound healing,13 embryogenesis,2 and cancer
metastasis.6 Neutrophils, granular leukocytes, are the first
line of defense against pathogens in the innate immune re-
sponse. Misdirected or over-activated neutrophils can cause
disorders such as chronic inflammation.20 Thus, neutrophils
need to be precisely directed to specific sites to perform their
immune functions properly.
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In vivo, a variety of signals potentially direct neutrophil
migration. Such signals include bacterially produced CFs
such as formyl-Met-Leu-Phe (fMLP) and host-derived CFs
such as interleukin 8 (IL-8)1,17 and leukotriene B4 (LTB4).5

The CFs diffuse from their site of production, generating
complex overlapping CF gradients. As multiple such gra-
dients can exist simultaneously—potentially from different
sources—neutrophils must be able to navigate in a complex
environment of superimposed gradients. The cells use com-
binations of G-protein coupled surface receptors18 that have
a complicated network of downstream intracellular signal-
ing processes to navigate within the tissue.4,22 A number
of signaling molecules and their respective signaling path-
ways that regulate the polarization of cytoskeleton and thus
chemotaxis in migrating cells have been identified.6,10,19,22

However, our understanding of how neutrophils prioritize
these signals and navigate through the complex environ-
ment is still very limited.

Previous studies using conventional chemotaxis assays
showed that when neutrophils encounter opposing gradi-
ents of a bacterially derived CF and a host-derived CF,
they preferentially respond to the bacterially derived CF.8,9

This is implemented by an intracellular hierarchy between
the signaling pathway activated by the bacterially derived
CF and the one activated by the host-derived CF.11 In con-
trast, when neutrophils encounter opposing gradients of two
host-derived CFs, they can integrate the two signals and
respond to the resulting signal.8,9 No hierarchy between
host-derived CFs has been reported.

Conventional chemotaxis assays are based on free dif-
fusion of CFs such that the shape of the gradient varies
with time and can not be controlled.3,16,21 Thus, in these
early studies, when neutrophils migrated in opposing

Abbreviations: CF(s), chemotactic factor(s); CI, chemotactic index;
COPD, chronic obstructive pulmonary disease; ECI, effective chemotac-
tic index; IL-8, interleukin 8; kd , dissociation constant; LTB4, leukotriene
B4; MI, motility index.
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signals produced by host-derived CFs, it was not clear
whether they simply vector integrate the signals, or whether
other interactions are involved. In this paper, we investigate
this question using a microfluidic chemotaxis device that
can generate stable and well-defined superimposed gradi-
ents of two CFs.7,12

Two host-derived CFs, IL-8 and LTB4, were used in
our experiments. The chemotactic response to these CFs
could in principle be significantly different, as they are
known to have different roles in the body. Leukotriene B4,
a major lipid product of neutrophils and macrophages, ac-
tivates neutrophils and promotes the release of other CFs
(i.e. IL-8). Interleukin 8, in contrast, is a member of CXC
chemokine sub-family that is produced by many cell types
such as neutrophils and T cells. It also plays an important
role in neutrophil recruitment.1,5

Clinical studies have also indicated a difference in roles
played by LTB4 and IL-8. While both are involved in a
number of neutrophil-induced diseases such as chronic ob-
structive pulmonary disease (COPD), the overall contri-
bution of LTB4 is considerably larger than that of IL-8.20

To better understand the underlying differences leading to
their different roles in disease, we investigated migration
of neutrophils in opposing gradients of IL-8 and LTB4. We
find evidence for a subtle hierarchy between LTB4 and IL-8
that may be of clinical relevance.

MATERIALS AND METHODS

Cell Preparation

Human blood was obtained from healthy volunteers.
Neutrophils were isolated by density gradient centrifuga-
tion (Robbins Scientific, CA). The isolated neutrophils were
resuspended at 107 cells/ml in HBSS (Invitrogen, CA) and
kept at room temperature until use.

CFs Preparation

IL-8 and LTB4 (Sigma, MO) solutions were prepared
in RPMI 1640 medium (Invitrogen, CA) with 0.2% BSA
(Sigma, MO).

Microfluidic Devices

Microfluidic devices were fabricated following previ-
ously described procedure.12 Briefly, a transparency mask
was printed using a high-resolution printer (Page One, CA)
from a CAD file (Macromedia, CA). The mask was used
in 1:1 contact photolithography of SU-8 50 photoresist
(MicroChem, MA) to generate a negative “master” consist-
ing of ∼100 µm high patterned photoresist on a Si wafer
(Silicon Inc., ID). Positive replicas with embossed chan-
nels were fabricated by molding PDMS (Sylgard 184, Dow
Corning, MI) against the master. Inlets and outlets (1 mm
diameter holes) for the fluids and cells were punched out us-
ing a sharpened needles. The surface of the PDMS replica

and a clean glass coverslide (Corning, NY) were treated
with air plasma for 1 min (Model PDC-001, Harrick Scien-
tific, NY) and brought together to form an irreversible seal.
This assembly produced the required system of microfluidic
channels. Polyethylene tubing (PE-20, Becton Dickinson,
MD) was inserted into the inlet holes to connect the mi-
crofluidic device to syringe pumps containing media and
IL-8/LTB4. The observation area (350 µm wide, 100 µm
high, and ∼12 mm long) was coated with fibronectin (BD
Bioscience, CA) at 2 µg cm−2 (0.4 µL of 0.2 mg mL−1

fibronectin solution was used to coat 0.04 cm2 of surface
area inside the microfluidic device) for one hour at room
temperature and blocked with 0.2% BSA in RPMI 1640
for another hour before use. A new microfluidic device was
used for each experiment.

Microfluidic Gradient Generation

IL-8 (MW = 8 kD) gradient was indirectly verified
by adding a small amount of fluorescein isothiocyanate-
dextran (FITC-Dextran, MW = 10 kD, 5 µM) in the IL-8
solution. Similarly, rhodamine (MW = 0.53 kD, 5 µM)
was added in the LTB4 (MW = 0.37 kD) inlet for vi-
sualization with fluorescence microscope. Programmable
syringe pumps (Model 50300, Kloehn, NV) were used to
infuse the microfluidic devices with CF-containing solu-
tions. The gradient profiles due to FITC-Dextran and rho-
damine were verified using fluorescence microscopy before
and after each migration experiments.12 The total flow rate
was maintained at 0.8 µl min−1 (flow speed of ∼0.38 mm
s−1 in the observation channel).

Time-Lapse Microscopy

Time-lapse images of migrating cells were taken using
an inverted microscope (Nikon TE300, NY) with a 10 ×
or 20 × objective (Hoffman, NA = 0.45) and a CCD cam-
era (CCD100, DAGE-MTI, IN). Time-lapse images were
acquired at 10-s intervals for the 15 or 30 min migration
experiments. The microscope stage was kept at 37◦C.

Data Analysis

For single linear gradients of IL-8 or LTB4, on average,
a total of about 50 cells from two to three independent
experiments were tracked and analyzed for each tested gra-
dient condition. For opposing linear gradients of IL-8 and
LTB4, on average, a total of about 50 cells for the left
and right populations from three independent experiments
were tracked and analyzed. The positions of cells at each
frame were individually tracked using MetaMorph (Uni-
versal Imaging, PA) and were logged to a spreadsheet for
further analysis. The tracking data were analyzed using the
CI-MI-ECI analysis method as described previously.15

The orientation bias of cells in chemotaxis was quanti-
fied by the chemotactic index (CI), which is defined as the
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displacement along the direction of the gradient, x, over the
total migration distance, d,

CI = x

d
In opposing gradients of IL-8 and LTB4, the percentage

of cells in each population moving to the distant gradient
was also calculated.

Motility index (MI, ratio of displacement from starting
position, r, and maximum displacement, rmax) was used to
quantify the random motility of cells,

MI = r

rmax

where rmax is the product of the average migration speed of
cells (∼10 µm min−1) and time.

The effective chemotaxis was quantified by the effective
chemotactic index (ECI, a product of CI and MI).

ECI = CI × MI

In opposing linear gradients of IL-8 and LTB4, CI, MI
and ECI were calculated for each cell population separately.

The results were checked by the t-test and ANOVA (p <

0.05). The error is represented as the standard error of the
mean (SEM).

RESULTS

Neutrophil Chemotaxis in Response to Single Linear
Gradients of IL-8 and LTB4

We first examined neutrophil chemotaxis in single lin-
ear gradients of IL-8 and LTB4. We previously showed
that chemotaxis is optimal in a 0–6 nM linear IL-8 gradi-
ent across a 350-µm-wide microchannel (Fig. 1A).15 The
mean IL-8 concentration of this gradient (∼3 nM) corre-
sponds to approximately 3 kd , where kd is the dissociation
constant and corresponds to 50% receptor occupancy (kd

is ∼1 nM for both IL-8 and LTB4). Guided by these find-
ings for IL-8, we performed experiments for three linear
LTB4 gradients across a 350-µm-wide microchannel which
span a similar range of kd : (1) a 0–1.8 nM linear LTB4

gradient; (2) a 0–5.3 nM linear LTB4 gradient; (3) and
a 0–8.9 nM linear LTB4 gradient. Thus, a broad range of
steepnesses and mean concentrations of LTB4 gradients was
covered.

Our results showed that the values of chemotactic in-
dex (CI) for all three tested gradients are indistinguishable,
while the motility index (MI) is optimal in the 0–5.3 nM
linear LTB4 gradient (Fig. 1B). As a result, effective chemo-
tactic index (ECI) is highest in the 0–5.3 nM linear LTB4

gradient (Fig. 1B). The magnitudes of MIs and ECIs in
the LTB4 gradients are considerably smaller than those in
IL-8 gradients, while CIs are comparable to those of IL-8
gradients. In particular, peak ECI for IL-8 is approximately
five-fold larger than for LTB4 (Fig. 1). This would lead
to a prediction that in the absence of significant interac-
tions between the chemoattractants in opposing gradients
of IL-8 and LTB4, IL-8-mediated chemotaxis should dom-
inate. This is potentially at odds with the predominance
of LTB4-mediated chemotaxis in clinical cases such as
COPD.

Neutrophil Chemotaxis in Opposing Linear
Gradients of IL-8 and LTB4

First, we considered the case of opposing optimal linear
gradients for IL-8 (0–6 nM) and LTB4 (0–5.3 nM). The
LTB4 gradient was established from left to right in the 350-
µm-wide microchannel, while the IL-8 gradient was set in
the opposite direction. Neutrophils were grouped into two
populations depending on their initial positions: a “left”
population in high IL-8 but low LTB4 concentration, and a
“right” population in low IL-8 but high LTB4 concentration.

FIGURE 1. Neutrophil migration in single linear gradients of IL-8 and LTB4. (A) CIs, MIs and ECIs in the three tested linear IL-8
gradients. (B) CIs, MIs and ECIs in the three tested linear LTB4 gradients. MIs and ECIs in linear IL-8 gradients are considerably
larger than those in linear LTB4 gradients, while CIs are comparable in IL-8 and LTB4 gradients. An enlarged plot of ECIs in LTB4
gradients is also shown. These suggest that single linear IL-8 gradients are more potent in attracting neutrophils than single linear
LTB4 gradients resulting from the higher motility.
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Although neutrophils respond to a single IL-8 gradient
more effectively than to that of LTB4, migration of
these two populations of cells in opposing gradients was
similar. In both cases, a higher percentage of cells moved
toward the distant gradient: 75.7% of the “left” population
moved toward higher LTB4 concentration, whereas 84.6%
of the “right” population moved toward higher IL-8
concentration.

To understand preferential migration toward a distant
source, we performed a detailed analysis of quantitative
parameters that describe chemotaxis. We found that the av-
erage CI, MI, and ECI for the cells that migrated toward the
LTB4 gradient (“left” population) were similar to those that
migrated toward the IL-8 gradient (“right” population). This
result suggests that LTB4-mediated chemotaxis is compara-
ble to IL-8-mediated chemotaxis in opposing gradients, al-
though the percentage of cells moving toward IL-8 is higher
than that toward LTB4 (Fig. 2B). Since chemotaxis results
from a combination of proper orientation and motility, anal-
ysis of CI-MI-ECI is better at quantifying chemotaxis than
simply measuring the percentage of cells moving toward
the gradient. The comparable effects of IL-8 and LTB4 can
be clearly observed in the morphologies (Fig. 3A) and tra-
jectories (Fig. 3B) of the migrating cells from both groups
of cells. Figure 3A shows an image from the time-lapse

micrograph where most of the cells in the “left” polarize
toward LTB4 while those in the “right” polarize toward
higher IL-8 concentration.

Detailed quantitative analyses were performed to
understand the effectiveness of single CF gradients and
opposing CF gradients in directing chemotaxis. Motility
index (MI) and ECI of cells moving toward IL-8 gradient
in the presence of LTB4 gradient are significantly smaller
(Fig. 2C) than those migrating in the single IL-8 gradient.
In contrast, migration toward LTB4 gradient in presence
of IL-8 resulted in unchanged parameters (Fig. 2D). Thus,
the presence of the LTB4 gradient appears to decrease
the response of cells to the IL-8 gradient, but the reverse
was not observed—IL-8 does not weaken the chemotactic
response of neutrophils to LTB4.

A possible effect of opposing gradient of LTB4 on IL-
8-mediated chemotaxis is to confound correct orientation
of cells toward the IL-8 gradient. To test this possibility,
we looked at the magnitude of CIs in single gradient and
in opposing gradients. The average CIs are comparable
(Fig. 2C) indicating that the cells can still correctly interpret
the gradient and move in the right direction. The decrease in
ECI for cells migrating toward IL-8 in opposing gradients
is due to lower MI, not due to lower CI: cells move in the
right direction, but slower. This result is consistent with our

FIGURE 2. Results of neutrophil migration in opposing linear gradients of IL-8 (0–6 nM) and LTB4 (0–5.3 nM). (A) Illustration of
the experimental setup. (B) CIs, MIs and ECIs of the two cell populations in opposing gradients. All three quantities of the “left”
population and the “right” population are similar. (C) CIs, MIs and ECIs of the “right” population in opposing gradients and single
IL-8 gradient (0–6 nM) are compared. MI and ECI in opposing gradients are considerably smaller than those in single IL-8 gradient
while CIs are comparable, indicating the motility of cells in response to IL-8 in opposing gradients is degraded. (D) CIs, MIs and ECIs
of the “left” population in opposing gradients and single LTB4 gradient (0–5.3 nM) are compared. All three quantities in opposing
gradients and single LTB4 gradient are comparable.
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FIGURE 3. Illustration of neutrophil migration in opposing gradients of IL-8 (0–6 nM) and LTB4 (0–5.3 nM). (A) A selected frame from
the time-lapse images of a representative experiment where most of cells of the “left” population polarized to the right and most
of cells of the “right” population polarized to the left. (B) Cell trajectories of both populations from a representative experiment are
superimposed and show that the “left” population moves to the right while the “right” cell population moves to the left. In addition,
the trajectories confirm that LTB4 and IL-8 are equally effective in attracting neutrophils in opposing gradients.

previous work, which highlighted the importance of MI in
determining effective chemotaxis.15

To investigate the interactions between IL-8 and LTB4

further, we exposed the neutrophils to opposing gradients
when either one of the chemoattractant gradients was not
optimal. First, optimal IL-8 gradient (0–6 nM) was super-
imposed against a sub-optimal LTB4 gradient (0–8.9 nM).
Once more, significant interactions between the two gra-
dients were observed, 80% of the “left” population moved
toward higher LTB4 but only 57.2% of the “right” pop-
ulation moved against the high LTB4 region and moved
across toward higher IL-8. Because LTB4 gradient was sub-
optimal on the high side, the average LTB4 concentration
seen by the low-IL-8 cells was larger than in the previous
experiments. Thus, the increased suppression of the IL-
8-mediated chemotaxis (57% moving towards high IL-8
here, versus 85% seen in the previous experiment, above)
may possibly reflect that LTB4-mediated suppression of
IL-8 chemotaxis is significantly influenced by mean LTB4

concentration.
To confirm this result, we performed CI-MI-ECI analy-

sis. In this case, the CI, MI and ECI were similar to those
when the optimal single linear gradients of IL-8 and LTB4

were superimposed (Fig. 4B). Interestingly, CI of the “left”
population is higher than that of “right” population, while
the MIs for both populations are comparable (Fig. 4B).
Thus, at high levels of LTB4, it appears that cells in the
“right” population start to get baffled in response to the IL-
8 gradient. As expected, for the cells moving toward IL-8 in
opposing gradients, the CI, MI and ECI are all smaller than
those in the single linear IL-8 gradient (Fig. 4C). In contrast,
the cells moving toward LTB4 have larger CI, MI and ECI
than those in the single LTB4 gradients (Fig. 4D). Thus,
high IL-8 levels appear to ‘potentiate’ the LTB4 response,
rather than suppress it.

Finally, we examined neutrophil migration in an optimal
linear LTB4 gradient (0–5.3 nM) but sub-optimal (steeper)
opposing linear IL-8 gradient (0–12.5 nM). Here, most of
the cells (>80%) in both populations moved toward the
distant gradient. The CIs, MIs and ECIs are indistinguish-
able (Fig. 5B) for both populations of cells. Compared
to migration in the single gradient, overall chemotaxis
of neutrophils in response to IL-8 (Fig. 5C) is not dis-
tinguishable, while the overall chemotaxis of neutrophils
in response to LTB4 in opposing gradients is consider-
ably larger than in the single LTB4 gradient (Fig. 5D).
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FIGURE 4. Results of neutrophil migration in opposing linear gradients of IL-8 (0–6 nM) and LTB4 (0–8.9 nM). (A) Illustration of
the experimental setup. (B) CIs, MIs and ECIs of the two cell populations in opposing gradients. Here, the overall chemotaxis of
the “left” population is significantly larger than that of the “right” population. (C) CIs, MIs and ECIs of the “right” population in
opposing gradients and single IL-8 gradient (0–6 nM) are compared. MI and ECI in opposing gradients are considerably smaller
than those in single IL-8 gradient, indicating that the chemotaxis of cells in response to IL-8 in opposing gradients is reduced. (D)
CIs, MIs and ECIs of the “left” population in opposing gradients and single LTB4 gradient (0–8.9 nM) are compared. The overall
chemotaxis is higher in opposing gradients than that in a single LTB4 gradient, suggesting that the chemotaxis of cells in response
to LTB4 in opposing gradients is improved in this higher LTB4 gradient.

Thus, at sufficiently high IL-8 concentrations, the LTB4-
mediated suppression of chemotaxis can be avoided, and
the response to each gradient is indistinguishable from the
others.

Combined, these experiments suggest that: (a) neu-
trophils migrate toward distant chemoattractant gradients
when the cells are exposed to opposing gradients of two
host-derived CFs and (b) presence of LTB4 can significantly
decrease the response to an IL-8 gradient, but under no
circumstances was IL-8 observed to lower LTB4-mediated
chemotaxis. Indeed, for sub-optimal LTB4 gradients, IL-
8 appears to enhance LTB4-mediated chemotaxis. These
interactions seem to suggest a weak hierarchy of LTB4

over IL-8 in directing neutrophil chemotaxis. Migration
toward distant gradients could be due to receptor desensi-
tization or/and internalization. Although it is an important
issue, this work is focused on determining hierarchy be-
tween chemoattractants and did not consider the detailed
intracellular mechanisms. In this study, we used linear CF
gradients due to their simple characteristics. In vivo, cells
experience nonlinear and unstable gradients based on free
diffusion of chemoattractants. Chemotaxis of neutrophils
in CF gradient profiles that mimic free diffusion is under
investigation.

DISCUSSION

A Possible Weak Hierarchy of LTB4 over IL-8
in Directing Neutrophil Chemotaxis

Our results show that in single gradients, IL-8 is more
potent than LTB4 in attracting neutrophils. A priori, this
would lead to the conclusion that IL-8 is a more potent
CF than LTB4. Some clinical data in COPD patients sug-
gest that LTB4 is a more significant CF in directing neu-
trophil migration.20 This apparent discrepancy between in
vivo and in vitro measurements is resolved by examin-
ing neutrophil chemotaxis in opposing gradients of IL-8
and LTB4. Under certain circumstances, LTB4 apparently
suppress neutrophil response to IL-8. In contrast, IL-8 ap-
pears to improve the response of neutrophils to LTB4. This
may be due to a weak hierarchy of LTB4 over IL-8. A
strong hierarchy is not expected as both IL-8 and LTB4 are
host-derived CFs that have similar roles in innate immune
response.

Clinical studies have shown that IL-8 and LTB4 are in-
volved in a number of neutrophil-induced diseases. Chronic
obstructive pulmonary disease (COPD) is a lung related dis-
ease that is caused by over-accumulation of neutrophils in
the airway. It has been shown that both IL-8 and LTB4 act as
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FIGURE 5. Results of neutrophil migration in opposing linear gradients of IL-8 (0–12.5 nM) and LTB4 (0–5.3 nM). (A) Illustration of
the experimental setup (B) CIs, MIs and ECIs of the two cell populations in opposing gradients. All three quantities of the “left”
population and the “right” population are indistinguishable. (C) CIs, MIs and ECIs of the “right” population in opposing gradients
and single IL-8 gradient? (0−12.5 nM) are compared. The overall chemotaxis in opposing gradients and single IL-8 gradient are
indistinguishable. (D) CIs, MIs and ECIs of the “left” population in opposing gradients and single LTB4 gradient (0–5.3 nM) are
compared. The overall chemotaxis is considerably larger in opposing gradients.

chemoattractants for neutrophils but LTB4 level is strongly
correlated with the accumulation of neutrophils.20 A likely
scenario is that in COPD, LTB4 is released into the airway,
resulting from deficiency of α1-antitrypsin (α1-antitrypsin
has a role in inhibiting release of LTB4). The released LTB4

in turn activates nearby neutrophils that promote release of
other CFs such as IL-8.

Using the microfluidic chemotaxis device, we find that
optimal IL-8-mediated chemotaxis (in a single gradient) is
about 5× more efficient (ECI is larger) than the optimal
LTB4-mediated chemotaxis. Thus, at reasonably far dis-
tances from the primary LTB4 source, IL-8 may essentially
function alone and is more efficient at attracting neutrophils
from a distance to an area near the airway. Then, when neu-
trophils reach an area near the airway, they may encounter
opposing gradients of IL-8 and LTB4. Since LTB4 is a
primary CF in COPD, it may be possible for IL-8-induced
chemotaxis to be reduced in the presence of an opposing
LTB4 gradient, as we observed in the experiments. This re-
sult suggests a possible explanation for clinical observations
that LTB4 plays a more critical role in COPD. Therefore,
even a weak hierarchy between LTB4 and IL-8 as reported in
this paper, can increase the chance of neutrophils correctly
migrating toward their target. By regulating the interaction
of IL-8-induced and LTB4-induced chemotaxis, neutrophils

can effectively migrate to their destination. Similar hierar-
chies may also exist in other host-derived CFs.

Neutrophils Prioritize Different Signals Produced
by Host-Derived CFs Using a Combination

of Vector Integration and a Weak Intracellular
Hierarchy in Signaling

Previous studies report that neutrophils can integrate
competing signals produced by two host-derived CFs and
respond to the resulting signal.8,9 The results from this work
show that IL-8 gradients are more potent than LTB4 in di-
recting neutrophil chemotaxis. If neutrophils do integrate
signals by simple vector addition, IL-8 may be thought as
a more potent chemoattractant than LTB4 even in opposing
gradients. However, several set of experiments show that
neutrophils are directed by LTB4 gradient rather than IL-
8. Therefore, the integration of signals of IL-8 and LTB4

may not be due to a simple vector addition of gradients
suggesting a subtle involvement of intracellular hierarchy.
This proposition is supported by reports that chemotaxis in
superimposed gradients of IL-8 and LTB4 (same direction)
is weaker than the algebraic addition of chemotaxis in-
duced by separate IL-8 and LTB4 gradients.9,20 Thus, cells
can sense the magnitude of LTB4 and IL-8 gradients and
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adjust their net chemotaxis accordingly. A vector addition
of signals assisted by an intracellular hierarchy maybe a
more reliable strategy for neutrophils to prioritize differ-
ent signals. Because neutrophils respond to IL-8 and LTB4

through the same downstream signaling pathway upon ac-
tivation of their specific receptors, it will be interesting to
investigate the molecular mechanism of this hierarchy in
the future.

In summary, we examined neutrophil chemotaxis in op-
posing linear gradients of IL-8 and LTB4 using a microflu-
idic chemotaxis device. We showed that a single linear IL-8
gradient is more potent than a single linear LTB4 gradient
in attracting neutrophils. In contrast, LTB4 and IL-8 are
equally effective in attracting neutrophils in opposing gra-
dients of IL-8 and LTB4.

We further show that the presence of IL-8 improves the
response of neutrophils to LTB4 but that in contrast the
presence of LTB4 impairs their response to IL-8 under cer-
tain circumstances. This suggests a possible weak hierarchy
between LTB4 and IL-8, with LTB4 higher in the hierarchy.
This reported hierarchy may clarify how neutrophils pri-
oritize different signals, and may be potentially useful in
therapeutic research.
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