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Imost all of the current under-

standing of neutrophil biology

has come from the study of
circulating neutrophils isolated from
blood. These purified cells, trans-
formed as they are by shear and gravi-
tational forces as well as ionic and
temperature shocks, are widely consid-
ered as "resting" neutrophils. Further-
more, whereas the resulting popula-
tion of cells is often =90% neutro-
phils, the other cells present (e.g.,
eosinophils, lymphocytes, and mono-
cytes) have unique functions and can

alter neutrophil functions significantly.

For example, small numbers of mono-
cytes, similar to those contaminating
most commonly used neutrophil-pre-
parative methods, can alter neutrophil
responses (including apoptosis) to
LPS [1]. One must ask: are these cells
derived from the circulation really a
true model of the working neutrophil
that has adhered to the endothelium,
traversed it, and migrated through the
tissue to an infectious/inflammatory
focus?

In this issue of the Journal of Leuko-
cyte Biology, Christenson et al. [2] add
to the growing and oft-ignored list of
functional differences between circu-
lating and exudate neutrophils, i.e.,
resistance to antiapoptotic agents that
prolong peripheral neutrophil sur-
vival. The report of Christenson et al.
[2] similar to the other rather sparse
reports, comparing circulating neutro-
phils with exudate neutrophils, alludes
to the Janus-like character of the neu-
trophil.
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How the physiologic processes in-
volved in their departure from the cir-
culation alter the human neutrophil is
only barely understood and has been
inferred mostly from animal studies.
Whereas inflammatory exudates and
pus can be obtained from patients
with various infectious and inflamma-
tory diseases, only a few experimen-
tally tractable models exist for the
study of such exudates in human sub-
jects. The earliest method, the so-
called Rebuck skin window, involves
abrasion of the superficial layers of
the skin and placement of a coverslip
to allow adherence and recovery of
these cells [3]. Another model in-
volves inflammatory exudates forming
within blisters or after the epithelium
over the blister (the roof) has been
removed and the wound bathed with
various buffers [4]. Both chemical
agents, such as cantharidin (Spanish
fly) [5] and suction [4], have been
used to generate such blisters. The
method used by Christenson et al. [2]
was reported by Hellum and Solberg
in 1977 [6] and is widely used (see
the excellent review by Follin [7]).
Briefly, inflammatory exudates are
formed after the dermis and epider-
mis have been separated by suction
and the latter removed to allow the
wound to be bathed, usually with au-
tologous serum, to induce exudation
of neutrophils. One advantage of this
model is the final purity of the neutro-
phil preparation. Depending on the
time-point, relatively few, if any, cells
are present in the exudate other than
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neutrophils. The decreased abundance
of monocytes in exudate neutrophil
preparations (relative to their abun-
dance in purified, circulating neutro-
phil preparations) may account for
the failure of exudate neutrophils to
respond robustly to LPS [8], a point
that requires further investigation in
the report by Christenson et al. [2].

Whether any of these models accu-
rately reflect natural inflammation in
vivo remains to be shown; however,
limited comparisons have demon-
strated similarities between blister exu-
date neutrophils and those isolated
from pus [9]. Exudates formed by the
Rebuck skin window and suction blis-
ter methods have been compared
[10], indicating that monocytes are a
significant, early component of inflam-
mation in the skin window (=20% of
cells within 6 h), whereas in blisters,
they do not appear until much later
(~5% of cells at 20 h). Clearly, the
cellular makeup of the inflammatory
exudate will have a major impact on
the function of these cells and necessi-
tates some precise knowledge of the
cellular composition when determin-
ing relative biological functions.

What are the environmental signals
that a neutrophil may encounter? For
all of these techniques, it can be as-
sumed that the exudate cells are ex-
posed to microbial products in the
form of skin-resident microflora,
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Figure 1. Transformation of a circulating
neutrophil to an exudate neutrophil. Ad-
hesion of circulating neutrophils to the
vascular endothelium results in down-reg-
ulation of L-selectin (CD62L). The pro-
cess of diapedesis or transendothelial mi-
gration, either by traversing the endothe-
lium at the juncture of cells or by passing
through the endothelial cell body, is not
well understood, but is likely to be a ma-
jor signal to the neutrophil. Once out of
the circulation, exudate neutrophils ac-
quire increased intracellular IL-8 and in-
creased surface expression of the comple-
ment C3bi receptor and formyl peptide
receptor that is attributed to partial de-
granulation. The reduction in granule
content of exudate neutrophils has been
associated with decreased bacterial killing
but increased NADPH oxidase priming.
Non-responsiveness to pro-survival signals
and chemoattractants limits neutrophil
mobility and lifespan.

whether viable or dead. Aside from
these host-extrinsic factors (e.g., mi-
crobial toxins, patterns, products), it
must be the case that the spectrum of
host-inflammatory mediators plays a
central role in determining the func-
tional abilities of neutrophils that in-
teract with them. In addition to the
diverse stimuli that induce neutrophil
exudation (e.g., Cba, IL-8, formyl pep-
tides, etc.), the complex inflammatory
milieu containing cytokines and lipid
mediators of inflammation must deter-
mine the function of neutrophils en-
countering these signals. Whether a
setting is normoxic or hypoxic, acidic
or basic, or warm or cool will also im-
pact neutrophil function. These cave-
ats aside, as shown in Fig. 1, several
differences are known that distinguish
an exudate neutrophil from a circulat-
ing neutrophil. For example, during
exudation in vivo, neutrophils un-
dergo exocytosis of specific granules,
alteration of surface marker expres-
sion [11], and an increase in intracel-
lular IL-8 [12]. The mobilization of
distinct neutrophil granule subsets
during exudation recapitulates what
has been observed in vitro [13]. Given
that different granule types contain
distinct spectra of receptors and other
molecules [14], the regulated release
of granules during extravasation dy-

1040 Journal of Leukocyte Biology

VASCULAR ENDOTHELIUM

LEGEND

GELATINASE GRANULES
SECONDARY

PRIMARY
NUCLEUS

W granule content
¥ responses to chemoattractants
WV Bacterial killing

namically alters neutrophil functional
attributes.

Ideally, studies of neutrophil func-
tion should examine both faces of the
neutrophil: the inflammatory face of
the exudate neutrophil, as well as the
relatively quiescent face of the circu-
lating neutrophil. Human exudate ex-
periments are fraught with many po-
tential pitfalls, not the least of which
is that usually, only ~107 exudate neu-
trophils can be recovered per donor
using the suction blister model. The
tremendous advances made recently in
the miniaturization of biologic analysis
should reinvigorate research of these
cells. For example, microarray expres-
sion analysis predicted an antiapop-
totic phenotype of exudate neutrophil
compared with circulating neutrophil
[15]. The study by Christenson et al.
[2] suggests that one of the major bio-
logic processes that control inflamma-
tion in vivo (i.e, apoptosis) is different
in transmigrated versus circulating
neutrophils. Specifically, once in the
tissues, the lifespan of the neutrophil
is no longer extended by inflammatory
stimuli, as it is in the circulating neu-
trophil. It may make good biologic
sense for inflammatory signals to ex-
tend the lifespan of a circulating neu-
trophil in transit to a site of infection.
In contrast, once the neutrophil has
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reached its destination, extending its
life further may have a detrimental
impact, promoting excessive inflamma-
tion and/or tissue damage. Whether
the phenomenon described by Chris-
tenson et al. [2] contributes to the
balance between beneficial and detri-
mental neutrophil functions in tissues
remains to be seen. However, their
use of in vivo-generated exudate neu-
trophils to contrast "working" neutro-
phils from their circulating progeni-
tors is an important step in under-
standing neutrophil biology. Despite
the difficulty of performing such stud-
ies, exudate neutrophils provide a
more accurate model of the working
neutrophil than their circulating pro-
genitors and provide clearer insight
into the many functions of the neutro-
phil in vivo.
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