
Journal of Leukocyte Biology 50:287-295 (1991)

© 1991 Wiley-Liss, Inc.

Mononuclear Cell Adherence Induces Neutrophil
Chemotactic Factor/lnterleukin-8 Gene Expression

Keita Kasahara, Robert M. Strieter, Stephen W. Chensue, Theodore J. Standiford,
and Steven L. Kunkel

Departments of Pathology (K.K., S.W.C., S.L.K.) and Internal Medicine (R.M.S., T.J.S.), Division of Pulmonary and Critical Care

Medicine, The University of Michigan Medical School, Ann Arbor

The accumulation of polymorphonuclear cells (PMN) in tissue is an essential element of
the inflammatory response that is important in host defense. Adherence to endothelium
constitutes the first step in PMN migration from the vascular compartment to the
interstitium. We demonstrate that human peripheral blood mononuclear cells (PBMC)
adherent to plastic can result in expression of interleukin-8 (IL-8), a potent PMN
chemoattractant and activating cytokine. Northern blot analyses showed PBMC adherent
to plastic expressed lL-8 steady-state mRNA levels by 30 mm, peaked at 8 h, and then
decreased over the next i6 h. In contrast, nonadherent PBMC (cultured in teflon
chambers) expressed less than 25% of the maximal IL-8 steady-state mRNA levels as
compared with adherent PBMC. Adherent PBMC-associated IL-8 determined by immu-
nohistochemistry, supernatant chemotactic bioactivity, and extracellular antigenic IL-8
paralleled lL-8 mRNA expression. Antigenic and bioactive lL-8 were significantly apparent
by 4-8 h, respectively, and increased significantly to maximal levels by 24 h. Furthermore,
adherent PBMC lL-8 gene expression was suppressed by either concomitant treatment
with actinomycin-D or cycloheximide, yet specific neutralizing antibodies directed
against either IL-i �3 or tumor necrosis factor (TNF)-a failed to alter adherence-induced
steady-state IL-8 mRNA levels. These data support the hypothesis that PBMC adherence
is an important signal for the production oflL-8, and may be essential to the development
of the inflammatory response through the elicitation of PMN.
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INTRODUCTION

Adherence of inflammatory cells to the microvascular

endothelium represents the initial step in the elicitation of
these cells to sites of inflammation [2,5,6,9,13,23].

Directed cellular migration is first dependent upon ad-
herence followed by diapedesis. Previous investigations

have shown that adherence of peripheral blood mononu-
clear cells (PBMC) to plastic, plastic coated with matrix,
or endothelial cells is a significant stimulus for the
induction of steady-state levels of interleukin-l (IL-la

and IL-i 1�), tumor necrosis factor (TNF-a), and colony
stimulating factor-l (CSF-1) mRNA [4,8,15]. Although
these inflammatory cytokines may influence the accumu-
lation of polymorphonuclear cells (PMN) to sites of
inflammation, neither IL-i , TNF, nor CSF-l induces a
direct chemotactic influence on PMN [1 1 , 14,26] . A
number of PMN chemotactic factors have been identi-

fled, including LTB4 [7,16], platelet activating factor
(PAF) [7 , 12] , C5a [7 , 12] , platelet-derived growth factor

[12, 17] , and fibronectin [12] . These factors, however,
are indiscriminate in their recruitment of immune cells as
they are chemotactic for both PMN and mononuclear
cells. Recently several studies have reported a novel

neutrophil chemotactic and activating polypeptide, inter-
leukin-8 (IL-8) derived from a number of immune and
nonimmune cells [1,11,14,26].

In this study we demonstrated by Northern blot anal-
ysis, immunohistochemical localization, IL-8 ELISA,
and PMN chemotactic bioactivity that PBMC adherent to
plastic express IL-8 mRNA, antigen, and bioactivity in a

time-dependent fashion. Furthermore, this IL-8 genera-

tion reflected de novo production and was dependent
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upon a protein intermediate that was neither IL- 1 nor

TNF. Therefore, mononuclear phagocytic cell adherence
may play an important role in regulating the production
of IL-8 and development of inflammation.

MATERIALS AND METHODS
Reagents

Murine antihuman monoclonal IL- 1 �3 antibodies were
the generous gift of the Upjohn Co. (Kalamazoo, MI),
with 1 jig capable of inhibiting 95% of the IL- 1f3-

induced production of IL-2 by lAS murine T cells.
Human recombinant IL-8 was the generous gift of

Sandoz Pharmaceutical (Hanover, NJ). Polycional anti-
human TNF or IL-8 antisera were produced by immuni-

zation of rabbits with recombinant TNF or IL-8 in
multiple intradermal sites with complete Freund’s adju-
vant. Polyclonal TNF and IL-8 antisera used in this study
were capable of neutralizing 0.5 ng of human recombi-

nant TNF at a dilution of 1 :25,625 and 10 ng of human
recombinant IL-8 at a dilution of 1 : 1 ,000, respectively
[22]. Stock cycloheximide (Sigma, St. Louis, MO) was
prepared at a concentration of 10 mg/mi in sterile RPM!-
1640 (Whitaker Biomedical Products, Whitaker, CA),

1 mM glutamine, 25 mM HEPES, 100 U/ml penicillin,
and 100 ng/ml streptomycin (Hazelton Research Prod-
ucts, Denver, PA) (complete media). Stock actinomycin-
D (Sigma) was prepared at a concentration of S mg/mi in
dimethyl sulfoxide (DMSO) (Sigma).

Isolation and Protocol for PBMC

Peripheral blood was obtained by venipuncture from
healthy human volunteers. Two hundred milliliters of
heparainized (50 USP U/ml) whole blood (WB) was
diluted 1 : 1 with sterile saline. PBMC from diluted WB
were separated by density centrifugation on Ficoll-
Hypaque (Pharmacia, Piscataway, NJ). Isolated mono-
nuclear cells were resuspended in complete media and
washed three times. Total cell counts and viability
analyses using trypan blue exclusion were conducted and
viability always exceeded 95%. Five milliliters of PBMC
(4 X 106 cells/ml) was plated on 60 mm plastic culture

plates (Costar, Cambridge, MA) or in 15 ml Teflon
chambers (Savillex Co. , Minnetonka, MN) and incu-
bated with or without specific reagents at 37#{176}Cin 95% air
and 5% CO2. Cells were incubated in either 8 well
Lab-tek slides (Nunc, Inc. , Naperville, IL) or in Teflon

chambers for immunolocalization of IL-8 antigen. Cells
and supernatants were harvested at specific time intervals
for isolation of steady-state IL-8 mRNA, immunohis-
tochemical analysis of IL-8 cell-associated antigen, or
chemotactic bioactivity.

To ascertain the potential mechanism of adherence-
induced IL-8, PBMC were incubated with either cyclo-
heximide ( 10 jig/ml), actinomycin-D (5 jig/ml), neutral-
izing monoclonal antihuman !L-l �3 antibodies (75 jig/

ml), control murine IgG (75 jig/ml), rabbit preimmune

sera (1 : 100 dilution), or neutralizing rabbit antihuman
TNF antibodies ( 1: 100 dilution) for 8 h. In experiments
utilizing cycloheximide, PBMC suspensions were prein-
cubated with cycloheximide in Teflon chambers for 1 h
prior to transfer to plastic plates, whereas other reagents
were added to cells concomitantly with exposure to
plastic.

Northern Blot Analysis

Total RNA from PBMC was isolated using a modifi-
cation of the method of Chirgwin et al. [3] and Jonas et
al. [10]. Briefly, PBMC were lysed by a solution of

25 mM tris, pH 8.0, containing 4.2 M guanidine isothio-
cyanate, 0.5% N-Lauroylsarcosine (Sigma, St. Louis,

MO), and 0. 1 M 2-mercaptoethanol. After homogeniza-
tion, the above suspension was added to an equal volume

of 100 mM tris, pH 8.0, containing 10 mM EDTA and
1 .0% sodium dodecyl sulfate. The mixture was then
extracted with phenol-chloroform (1 : 1 ;vol/vol) and chlo-
roform-isoamyl alcohol (24: 1 ; vol/vol) and alcohol-pre-

cipitated. The pellet was dissolved in diethyl pyrocar-
bonate (DEPC)-treated H2O. The RNA was separated by
Northern blot analysis using formaldehyde, 1% agarose

gels, and transblotted to nitrocellulose. The blots were
baked, prehybridized, and hybridized with a

end-labeled synthetic oligonucleotide probe for human
IL-8. A 30-mer oligonucleotide probe was complemen-

tary to nucleotides 262-29 1 of the published cDNA and
had the sequence 5-GTf-GGC-GCA-GTG-TGG-TCC-

I � which failed to have signifi-
cant overlap with other homologous cDNAs [1 1] . Blots
were washed, and autoradiographs were quantitated
using laser densitometry (Ultrascan XL, LXB Instru-
ments, Inc.). Equivalent amounts of total RNA/gel were
assessed by monitoring 28s and l8s rRNA.

Immunohistochemistry

Immunolocalization of IL-8 was performed on adher-

ent PBMC from Lab-tek slides or cytocentrifugation of
nonadherent PBMC from Teflon chambers as previously
described [18]. Briefly, cells were fixed in 4% paraform-
aldehyde (Eastman Kodak Co.) in 1 x phosphate buff-
ered saline (PBS) for 10 mm followed by rinsing twice in
1 x PBS. Prior to staining, slides were fixed again for
15 mm in 1: 1 absolute methanol and 3% H207, rinsed in
1 x PBS, then nonspecific binding sites were blocked
with 1 :50 normal goat serum. Normal serum was re-
moved, followed by the addition of 1 :2,000 dilution of

either control serum (rabbit) or rabbit antihuman IL-8
serum [19]. After 15 mm of incubation at 37#{176}C,the slides
were rinsed with 1 x PBS, overlaid with biotinylated
goat antirabbit IgG (1 :200; Vector Laboratories), incu-
bated 15 mm, and rinsed three times with 1 x PBS. The
slides were treated with streptavidin conjugated to per-
oxidase for 15 mm at 37#{176}C,rinsed three times, overlaid
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with substrate chromogen (3-amino 9-ethyl carbazole)

for 7 mm at 37#{176}Cto allow color development, and rinsed
with distilled H20. Mayer’s hematoxylin was used as a

counterstain. To demonstrate antibody specificity, im-
munostaining of human IL-8 showed 100% inhibition by

the addition of excess exogenous recombinant IL-8. The
results were expressed as a percent of positive IL-8

antigen expressing PBMCs as compared with the total
number of PBMCs counted per high power field (HPF,
x400).

Chemotaxis Bioassay

Human neutrophils (>99%) were prepared from pe-
ripheral blood by Ficoll-Hypaque density gradient cen-
trifugation followed by sedimentation in 5% dextran/

0.9% saline (Sigma). Neutrophils were separated from
erythrocytes by hypotonic lysis and then suspended in
Hank’s balanced salt solution (HBSS) with calcium!

magnesium (GIBCO) at 2 X 106 cells/ml, with greater
than 95% viability by trypan blue exclusion. Chemotaxis
was examined as previously described [21]. Briefly,

160 pA of diluted ( 1: 1) supernatant specimen, iO� M
formylmethionyleucylphenylalanine (fMLP) (Sigma, St.
Louis, MO), or HBSS alone was placed in duplicate

bottom wells of a blind-well chemotaxis chamber. A
3 jim pore size polycarbonate filter (polyvinylpyrroli-

done-free: Nuclpore Corp.) was placed in the assembly,
and 250 jil of neutrophil suspension placed in each of the

top wells. Chemotaxis chamber assemblies were incu-
bated at 37#{176}Cin humidified 95% air and 5% CO2 for 1 h,
and the filters were removed, fixed in methanol, and
stained with 2% toluidine blue (Sigma). Neutrophils that
had migrated through to the bottom of the filter were
counted in 10 HPF ( x 1 ,000) . Chemotactic bioactivity
was expressed as the mean number of cells per HPF
( x 1 ,000). In neutralization experiments, PBMC condi-

tioned media (CM) from either adherence (plastic) or
nonadherence (Teflon) were treated with a 1:1,000

dilution of either control (rabbit preimmune serum) or
neutralizing rabbit antihuman IL-8 antiserum and assayed
for chemotactic activity.

IL-8 ELISA

Antigenic IL-8 was quantitated using a double ligand
enzyme-linked immunosorbent assay (ELISA) method,
as previously described [18]. Briefly, flat-bottomed 96
well microtiter plates (Nunc Immuno-Plate I 96-F) were

coated with goat anti-IL-8 antibody (9.5 jig in 100 jil
0. 1 M NaHCO3, pH 9.6) for 16 h at 4#{176}Cand then washed
with PBS, pH 7.5/0.5% Tween 20 (washing buffer).

Microtiter plate nonspecific binding sites were blocked
with bovine serum albumin (BSA) in washing buffer and
incubated for 1 h at 37#{176}C.Plates were twice rinsed with
washing buffer and diluted samples (100 jil) in duplicate
were followed by incubation for 90 mm at 37#{176}C.Plates
were washed twice, biotinylated goat anti-IL-8 (final

concentration 1 :2,000) was added, and plates were
incubated for 90 mm at 37#{176}C.Plates were washed twice

again, and streptavidin-peroxidase conjugate added and
incubated for 30 mm at 37#{176}C.Plates were washed twice

and chromogen substrate added. The plates were incu-
bated at room temperature to the desired extinction, and
the reaction terminated with 3% oxalic acid solution.
Plates were read at 405 nm in an ELISA reader. Stan-
dards were 1/2 log dilutions of recombinant !L-8, from
100 ng-0.3 ng/well. This ELISA method consistently
detected IL-8 concentrations above 30 pg/ml.

Statistical Analysis

Data were analyzed by Macintosh II computer using
Statview II statistical package (Abacus Concepts, Inc.).

Data are expressed as means ± SEM. Data that appeared
statistically significant were compared by Student’s (-test
for comparing the means of multiple groups, and con-
sidered significant if P < 0.05.

RESULTS
Adherent Mononuclear Cell-Derived Gene
Expression for IL-8

Initial studies were performed in order to assess !L-8

gene expression by adherent vs. nonadherent PBMC.
Adherent cells were cultured on plastic plates, while

nonadherent PBMC were cultured in Teflon chambers
(n = 3). The total cellular RNA was isolated and ex-
tracted in a time-dependent fashion. Kinetic analysis of
steady-state IL-8 mRNA levels was determined from
2 x iO� cells at 0, 0.5, 1 , 2, 4, 8, and 24 h. Depicted in
Figure 1 is a representative Northern blot analysis
showing adherent PBMC-derived IL-8 steady-state

mRNA that was apparent by 30 mm, peaked at 8 h, and
then declined over the next 16 h. Similar findings were
demonstrated in the other two autoradiographs with

negligible differences between steady-state levels of IL-8
mRNA at either 2 or 4 h (data not shown). In contrast,

nonadherent PBMC-derived IL-8 steady-state mRNA
levels were not apparent until 4-8 h, and levels were less
than 25% of maximal response seen with adherence.

Immunohistochemical Localization of IL-8

To establish whether PBMC-derived antigenic IL-8
was expressed, immunohistochemical localization of
IL-8 antigen was performed from adherent vs. nonadher-

ent PBMC populations in a time-dependent fashion
(n = 3). Adherent or nonadherent PBMCs were cultured

and fixed at 0, 0.5, 1 , 2, 4, 8, or 24 h. In immunohis-
tochemical analyses, PBMC expressing IL-8 antigen had
monocyte morphology and nonspecific esterase staining.
As shown in Figure 2, adherent as compared with
nonadherent PBMC were expressing significant !L-8 by
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Fig. i . Northern blot analysis of the kinetic expression of adherent vs. nonadherent PBMC lL-8
steady-state mRNA levels. A: Northern blot of specific IL-8 mRNA. B: Densitometry of the
representative Northern blot. C: i8S rRNA from the above Northern blot, demonstrating
equivalent amounts of total RNA loaded per lane. These data are representative of one of three
experiments.

2 h (P = 0.01 ) and the difference in IL-8 antigenic
expression between adherent and nonadherent PBMC
remained significant (P = 0.001) at 8 h, with
66.9 ± 6.0% of the adherent PBMC expressing IL-8
antigen. By 24 h, adherent PBMC-derived IL-8 antigenic
expression was present in 71 .9 ± 5.5% of PBMCs. In
contrast, nonadherent PBMC-derived IL-8 antigenic cx-
pression was not present until after 4 h, and was less than

20% of the maximal IL-8 antigenic reactivity induced by

adherent PBMC by 24 h (P = 0.000 1).

PBMC-Derived Neutrophil Chemotactic Activity

The observations of adherence-induced antigenic IL-8
from PBMC led to subsequent studies to determine if this
antigenic IL-8 expression was associated with extracel-
lular chemotactic bioactivity. Adherent and nonadherent
PBMC were either cultured on plastic plates or in Teflon
chambers, respectively. At specific time intervals (0,

0.5, 1 , 2, 4, 8, and 24 h), supernatants were harvested
and assessed for PMN chemotactic bioactivity (n = 3).

As depicted in Figure 3 , adherent and nonadherent
PBMC-derived chemotactic bioactivity was first apparent
by 1-2 h, but no significant difference in neutrophil
chemotactic bioactivity existed until 8 h. Adherent
PBMC by 8 h were producing significantly more chemo-
tactic activity (P 0.03) as compared with nonadherent
cells. Chemotactic bioactivity from nonadherent PBMC
by 24 h was less than 40% of maximal chemotactic
bioactivity generated by adherent PBMC (P = 0.02),
and paralleled the results seen with immunolocalization
of antigenic IL-8 from these two PBMC populations. To
establish the definitive portion of chemotactic activity
generated from adherent vs. nonadherent PBMC that was
attributable to IL-8 , neutralization studies were per-
formed. As shown in Table 1 , CM was obtained from
adherent and nonadherent PBMC at 24 h and preincu-
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0.5, 1 , 2, 4, 8, and 24 h) supernatants were harvested in
the same way as PMN chemotactic bioassay. Extracel-

lular antigenic IL-8 expression was determined utilizing
a specific ELISA for !L-8. As shown in Figure 4,
adherent PBMC-derived antigenic IL-8 was first apparent

0 . 5 1 2 4 8 2 4 by 4 h and continued to increase over the next 20 h.

TIME (hrs) Adherent PBMC-derived antigenic IL-8 at 4 h,

Fig. 3. PBMC-derived neutrophil chemotactic activity. PBMC
(4 x 106!ml) were cultured in plastic plates or Teflon chambers.
At specific time intervals, supernatants were harvested and
assessed for PMN chemotactic bioactivity. Chemotactic activity
is expressed on the vertical axis as the mean number of cells per

0.44 ± 0.08 ng/ml (P = 0.05), 8 h, 1.4 ± 0.1 ng/ml
(P = 0.004), and 24 h, 3.0 ± 0.8 ng/ml (P 0.04) was
significantly greater than nonadherent PBMC-derived
antigenic IL-8 at similar time-points . Antigenic IL-8
from nonadherent PBMC was detected at 8 and 24 h, but

HPF (x i ,000). These data are representative of three experi- was less than 20% of maximal antigenic !L-8 generated
ments. by adherent PBMC. These kinetics were similar to the

results of immunolocalization of antigenic !L-8 and
chemotactic activity from the supernatants of adherent

bated with either 1 : 1 ,000 dilution of control serum and nonadherent PBMC.
(preimmune) or rabbit antihuman IL-8 neutralizing an-
tiserum. After incubation with sera, CM were analyzed
for chemotactic bioactivity. Specific neutralizing effect

Actinomycin-D Inhibited Adherent PBMC IL-8
mRNA Expression

of IL-8 antiserum showed a 29% reduction (P = 0.01) in It was apparent from the above observations that
neutrophil chemotactic activity from adherent PBMC. In adherence to plastic resulted in induction of IL-8 mRNA

Adherence-Induced IL-8 by Mononuclear Cells 291

U)
-I 100
-J
LU
0

LU
>

I-

U)
0
0�

z
coW

I-
z
4

LL�
0

z
LU
0

LU
0.



I Adherence

VA Nonadherence

4

3�

2

1

0.5 1 2 4 8 24

292 Kasahara et al.

TABLE 1. Neutralization of lL-8 Activity With Polyclonal Rabbit Antlhuman
lL-8 Antlbodya

Mean number of cells pe r HPF (X 1,000)

Control serum Immune serum
( 1: 1 ,000) ( 1: 1 ,000) % Suppression P value

24 h adherence 22.2 ± 1.8 15.8 ± 0.6 29 0.01

to plastic
24 h nonadherence 15.5 ± 0.8 16.4 ± 0.4 NC* 0.12

in Teflon
fMLP iO� M 82.7 ± 0.9 81.9 ± 9.7 NC* 0.48

aAdherent and nonadherent PBMC-derived supernatants (n 3) were isolated after 24 h, collected,

and incubated with control or immune serum for 30 mm at 37#{176}Cbefore chemotaxis analysis.
*NC, no significant change.
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Fig. 4. PBMC-derived extracellular antigenic IL-8. PBMC (4 x i06/ml) were cultured. At specific
time intervals, supernatants were harvested and assessed for antigenic IL-8 by a specific ELISA.
lL-8 ELISA data are expressed on the vertical axis as ng/ml. These data are representative of
three experiments.

steady-state levels with subsequent translation to cell-
associated IL-8 antigen that was paralleled by extracel-
lular bioactivity. To establish whether this IL-8 mRNA
expression was induced at the level of gene transcription
or secondary to stabilization of constitutive IL-8 mRNA,
we next treated adherent PBMC concomitantly with
actinomycin-D. PBMCs were cultured in the presence or
absence of actinomycin-D (5 jig/ml) on plastic for 8 h.
As shown in Figure 5, adherent PBMC-derived IL-8
mRNA in the presence of actinomycin-D was less than

5% of the steady-state mRNA levels in the absence of
actinomycin-D. These findings indicated that PBMC-
derived !L-8 mRNA was induced de novo upon adher-

ence to plastic.

Adherence-Induced PBMC-Derived IL-8 Gene
Expression Is Protein Dependent

To determine whether the observed adherence-induced
PBMC-derived IL-8 gene expression was protein medi-
ated, we next pretreated PBMC in the presence or
absence of cycloheximide ( 10 jig/mI) for 1 h in Teflon
chambers prior to plastic exposure. PBMC were cultured
on plastic plates for 8 h and total RNA isolated. After 8 h
culture, the PBMC were greater than 90% viable. In the

presence of cycloheximide, adherence-induced PBMC-

derived !L-8 mRNA was less than 50% of the steady-state
levels seen in the absence of cycloheximide (Fig. 6).
These results supported the notion that de novo protein
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synthesis is necessary for adherence-induced PBMC-
derived IL-8 gene expression. Furthermore, to exclude
the participation of either adherence-induced PBMC-

derived IL- 1 or TNF as endogenous stimuli for the
expression of PBMC-derived IL-8 , we concomitantly
cultured PBMC in the presence of either murine !gG
(75 jig/ml) , neutralizing monoclonal IL- 1 �3 antibodies
(75 jig/ml), preimmune rabbit sera (1 : 100), or neutral-
izing rabbit anti-TNF antibodies ( 1 : 100). PBMC were

cultured for 8 h on plastic and total RNA isolated.
Neither IL- 1 �3 nor TNF neutralizing antibodies altered
adherence-induced IL-8 steady-state mRNA levels (data

not shown).

DISCUSSION

Inflammatory cell adherence to microvascular endo-

thelium is the initial event in the process of leukocyte
migration from the vascular space to sites of inflamma-
tion [2,5,6,9, 13,23]. This event was previously thought
to be passive and only associated with leukocyte-to-
endothelium adherence. Recent investigations have now
demonstrated that adherence to either plastic, endothelial

cells, or matrix constituents is a potent stimulus for gene

Fig. 6. Northern blot analysis of IL-8 mRNA by PBMC incu-
bated on plastic plates or In Teflon chambers for 8 h. PBMC
were preincubated with or without cycloheximide (iO �ig/ml). A:
Northern blot of specific IL-8 mRNA. B: Densitometry of the
representative Northern blot. C: i8S rRNA from the above
Northern blot, demonstrating equivalent amounts of total RNA
loaded per lane. These data are representative of one of three
experiments.

expression of several inflammatory cytokines, incuding
IL- 1a, IL- 1 �3 , TNF, and CSF- 1 [4,8 , 15]. These induc-
ible inflammatory cytokines have pleiotropic effects on
an array of immune and nonimmune cells that are critical
for the mediation of inflammation.

The influx of PMN is preeminent in acute inflamma-
tion and likely dependent upon the formation of chemo-
tactic gradients. The mechanism(s) by which PMN are
recruited remain to be fully elucidated. Although TNF
and IL- 1 were originally identified as neutrophil
chemoattractants, recent studies have shown this activity
is not direct. Through the purification and cloning of the



294 Kasahara et al.

chemotactic and activating polypeptide IL-8, it is appar-

ent that IL- 1 and TNF may mediate significant PMN
chemotaxis through the induction of this novel chemo-
tactic cytokine [11].

IL-8 has been referred to as monocyte-derived neutro-

phil chemotactic factor (MDNCF) [ 1 1] , neutrophil

attractant/activating peptide- 1 (NAP- 1 ) [ 1] , neutrophil
chemotactic factor (NCF) [20-22], and most recently

IL-8 [1 ] . The active form of IL-8 is a 72 amino acid

peptide with an estimated MW of 8,000 daltons, and
belongs to a unique supergene family that includes
murine macrophage inflammatory peptide-2, platelet
factor 4, human platelet basic protein, human inducible
protein IP-lO, 9E3/pCEF-4 from Rous sarcoma trans-
formed fibroblasts, and melanoma growth-stimulatory

activity (GRO/MGSA) [25] . Monocytes and macro-
phages appear to be the predominant sources of IL-8,
although endothelial cells, fibroblasts, and synovial cells
have also been shown to generate IL-8 [20-22,24] . IL-8
has a relatively long half-life and is somewhat resistant to
proteolytic enzymatic cleavage as compared with other

chemotactic factors, suggesting that this cytokine may be
involved in more prolonged inflammatory cell influx or
may have biological functions in addition to neutrophil
chemotaxis and activation.

In this study we extend these observations to include
adherence to plastic as an important stimulus for the
induction of IL-8 from PBMC. We have demonstrated
the adherence-induced PBMC-derived gene expression

of IL-8 by Northern blot analysis, the presence of
antigenic cell-associated IL-8 protein by immunohis-
tochemistry, IL-8 ELISA, and the production of chemo-
tactic bioactivity attributable to IL-8 . IL-8 gene and
antigenic expression, together with bioactivity was time-
dependent, with steady-state IL-8 mRNA and protein

peaking at 8 and 24 h, respectively. Moreover, actino-
mycin-D treatment revealed that adherence-induction of
steady-state IL-8 mRNA was de novo, whereas cyclo-

heximide pretreatment demonstrated a protein interme-
diate was required for adherence-induced stimulation of

steady-state IL-8 mRNA. Adherence-induced IL-8 did
not appear to be mediated by either PBMC-derived IL- 1 �3
or TNF, as specific neutralizing antibodies for these
cytokines failed to alter adherence-induced IL-8 gene
expression. Therefore, adherence-induced IL-8 from
PBMC reflects de novo production and was dependent
upon a protein intermediate that was neither IL- 1 nor
TNF. Continuing investigations are underway to delin-

eate the specific proteins that are required to mediate this
adherence-induced IL-8 generation.

Although histologically PMN are predominant in acute

inflammation, monocytes may be equally important since

radiolabeled monocytes arrive early during the initiation
of acute inflammation [9] . These observations suggest
that as monocytes become adherent to the endothelium

during the evolution of an inflammatory reaction, they

can become activated and release cytokines such as IL- 1,
TNF, and IL-8. IL-l and TNF can act in an autocrine or
paracrine fashion to elaborate additional IL-8 from sur-
rounding immune and nonimmune cells [20-22,24] am-

plifying the elicitation of additional PMN from the

vascular compartment into the extravascular space.
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