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Incubation of INT407 cells with various clinical isolates of Campylobacter jejuni resulted in secretion of
interleukin-8 (IL-8) at levels ranging from 96 to 554 pg/ml at 24 h. The strains which produced the highest
levels of IL-8 secretion were 81-176 and BT44. Induction of IL-8 secretion required live cells of 81-176 and was
dependent on de novo protein synthesis. Site-specific mutants of 81-176, which were previously shown to be
defective in adherence and invasion, resulted in reduced levels of secretion of IL-8, and cheY mutants of strains
81-176 and 749, which are hyperadherent and hyperinvasive, resulted in higher levels of IL-8 secretion. Another
mutant of 81-176, which adheres at about 43% of the wild-type levels but is noninvasive, also showed marked
reduction in IL-8 levels, suggesting that invasion is necessary for high levels of IL-8 secretion. When genta-
micin was added to INT407 cells at 2 h after infection with 81-176, IL-8 secretion 22 h later was equivalent to
that of controls without gentamicin, suggesting that the events which trigger induction and release of IL-8
occur early in the interactions of bacteria and eukaryotic cells.

Campylobacter jejuni is among the most frequently isolated
causes of bacterial diarrhea worldwide (8, 37, 38). The diarrhea
seen with campylobacters is usually of low volume and often is
accompanied by occult or frank blood in stools. Human feed-
ing studies have confirmed the importance of inflammation in
the pathology of the disease (7). In those studies, done with
two strains of C. jejuni, 81-176 and A3249, fever preceded
diarrhea in most patients and all persons who became ill had
fecal leukocytes. Moreover, rectal biopsy specimens showed
inflammatory cells and edema. Little is understood about the
mechanisms of campylobacter pathogenesis other than obser-
vations that motility and chemotaxis are absolutely required
for campylobacters to colonize animals (9, 32). Many strains of
campylobacters are invasive in vitro (17, 22, 23, 30, 40), and
mutants defective in invasion have been shown to be reduced
in virulence in a ferret diarrheal disease model (43). Motility
and chemotaxis are also necessary for invasion in vitro (17, 40,
42, 43). There are numerous reports of cytotoxins in campy-
lobacters, but only one, the cytolethal distending toxin (34), has
been characterized in detail. Although this toxin has been
shown to inhibit eukaryotic target cells in the G2 phase (41),
the role of the cytolethal distending toxin in virulence in vivo
has not been reported.

There are numerous reports on the ability of different patho-
gens to elicit proinflammatory cytokine release in tissue culture
systems (1, 11, 14, 15, 19, 20, 35, 36). Most often, cytokine
release requires invasion of the eukaryotic cell by the bacte-
rium (14, 15), but there are exceptions (19, 35, 36). Helicobac-
ter pylori, the primary cause of active chronic gastritis in hu-
mans, is known to induce interleukin-8 (IL-8) release from
a variety of epithelial cells in vitro (19, 35). This ability of
H. pylori to induce IL-8, a potent chemoattractant and cellular
activator, is considered a major virulence determinant. One
study of IL-8 induction by H. pylori in a gastric epithelial cell

line also showed that C. jejuni 81-176 could induce some IL-8
secretion (35). In this study, we demonstrate that many strains
of Campylobacter spp. can induce secretion of IL-8 by the in-
testinal epithelial cell line INT407. Moreover, the strains which
produce the highest levels of IL-8 are the more invasive strains
in vitro, and adherence and/or invasiveness of C. jejuni appears
to be associated with induction of IL-8 secretion.

MATERIALS AND METHODS

Bacterial strains and growth conditions. For the bacterial strains used in this
study, see Table 1. C. jejuni cells were routinely grown on Mueller-Hinton (MH)
agar (Difco) under microaerobic conditions or in biphasic MH cultures; kana-
mycin was added to a final concentration of 50 mg/ml when appropriate. Esch-
erichia coli DH5a was grown on Luria-Bertani medium.

Cell cultures. Human embryo intestinal epithelial (INT407) cells were main-
tained in minimal essential medium (MEM) supplemented with 5% fetal bovine
serum and 0.5% L-glutamine (Gibco, Gaithersburg, Md.). INT407 cells were
grown to a confluent monolayer in an 80-cm flask, washed, and released with
trypsin-EDTA. The cells were diluted 1:39 in MEM plus fetal bovine serum and
L-glutamine and seeded at 1 ml per well in 24-well plates. The monolayer was
allowed to re-form during overnight incubation at 37°C.

Assay for IL-8 secretion. Bacteria were added to the INT407 monolayers,
gently shaken (2,500 rpm for 2 min), centrifuged at 1,000 rpm in a Sorvall
RT600D centrifuge for 5 min, and incubated for various times at 37°C. Culture
medium was then harvested and stored at 270°C until analyzed for IL-8 protein
by enzyme-linked immunosorbent assay (ELISA). Phorbol ester (phorbol myris-
tate acetate) and calcium ionophore (A23187) were each added to a final con-
centration of 100 ng/ml as positive controls.

Nunc Maxi-sorp plates were coated with 3 ng of rabbit anti-human IL-8
(Endogen, Cambridge, Mass.) per well overnight at 4°C. The plates were washed
three times with phosphate-buffered saline (PBS) (pH 7.4) plus 0.1% Tween 20
(PBS-Tween) and then blocked with 3 mg of bovine serum albumin per ml in
PBS-Tween for 1 h at 37°C. Culture supernatants were diluted 1:1 in PBS plus
3% bovine serum albumin and added to blocked and washed ELISA plates.
Samples were incubated on the plates for 90 min at 37°C. Following five washes
with PBS-Tween, biotin-linked anti-human IL-8 (0.5 mg/ml) was added to
the plates and they were incubated at 37°C for 90 min. Avidin-peroxidase
(500 mg/ml) (Gibco BRL) was added to the ELISA plates following five
washes with PBS-Tween. The assay was developed with TMB (3,39,5,59-tetra-
methylbenzidine; Sigma, St. Louis, Mo.). Following 20-min incubations at room
temperature, the A405 of reaction wells were determined in an ELISA plate
reader.

Fractionation of C. jejuni cells. Campylobacters were separated into mem-
brane and soluble fractions by a modification of the method of Logan and Trust
(26). Bacteria were harvested from confluent MH agar plates such that wet

* Corresponding author. Mailing address: 12300 Washington Ave.,
Rockville, MD 20852. Phone: (301) 295-1514. Fax: (301) 295-6171.
E-mail: guerryp@nmripo.nmri.nnmc.navy.mil.

88



pellets weighed between 1 and 3 g. Bacterial pellets were resuspended in cold 20
mM Tris-HCl, pH 7.4. The suspension was supplemented with RNase and
DNase and sonicated on ice. Whole cells were removed by centrifugation at
4,000 3 g for 30 min. Cell membranes were sedimented via centrifugation at
40,000 3 g for 30 min, and the supernatant (soluble fraction) was frozen at
220°C. The membrane pellet was washed three times in 20 mM Tris-HCl, pH
7.4, and resuspended in a final volume of 250 ml of the same buffer. Protein
concentrations were determined via Bio-Rad protein assay, and fractions were
adjusted to 1 mg/ml with 20 mM Tris-HCl, pH 7.4.

Formalin inactivation of C. jejuni cells. C. jejuni cells were grown in biphasic
MH culture flasks, washed in PBS, and resuspended to 1/10 of the original
volume in 0.025 M formaldehyde. Following incubation at room temperature for
6 h, the cells were washed extensively in PBS and the optical density at 600 nm
was adjusted to correspond to approximately 1.4 3 106 cells/ml.

Invasion assays. Invasion assays were performed with INT407 monolayers and
a slight modification of the procedure previously described (30, 42, 43). Typically,
approximately 6 3 106 bacterial cells were added to a monolayer consisting of
about 7 3 104 epithelial cells (about 100 bacteria/epithelial cell). Following
centrifugation at 200 3 g for 5 min, the assay mixtures were incubated for 2, 4,
8, or 24 h at 37°C in 5% CO2. Following the incubation period, monolayers were
washed four times with strong agitation in Hanks balanced salt solution (HBSS).
Gentamicin was added to a final concentration of 100 mg/ml, and the monolayers
were reincubated for 2 h to kill extracellular bacteria. Following additional
washes with HBSS, the epithelial cells were lysed with 0.01% Triton X-100 and
the internalized bacteria were enumerated by plate count.

Natural transformation. The cheY mutation in strain 81-176, as originally
described (43), was moved into strain 749 by natural transformation with DNA
from RY209 (43), as described previously (2, 18).

Statistical analyses. Experimental results from independent tests were pre-
sented as mean IL-8 induction (in picograms per milliliter) 6 1 standard devi-
ation. Mean IL-8 values were compared by using two-tailed t tests; sample
variance determinations were based upon F-test analysis.

RESULTS

INT407 cells secrete IL-8 after exposure to C. jejuni 81-176.
Preliminary experiments indicated that exposure of INT407
cells to C. jejuni 81-176 resulted in secretion of IL-8 (data not
shown). Different ratios of bacteria to INT407 cells were used
to determine the time course of induction and to optimize the
assay. Figure 1 shows that secretion of IL-8 was detected at the
earliest time point tested (8 h) and that it continued to rise
through 24 h, at which time .500 pg of IL-8 per ml was
detected. Secretion of IL-8 was apparently dose related, since
the amount secreted at all time points increased as the ratio of
bacteria to INT407 cells increased to the maximum tested
(100:1).

Secretion of IL-8 by other strains of C. jejuni. A number of
other clinical isolates of C. jejuni were tested for the ability to
induce IL-8 secretion by INT407 cells by using a 100:1 ratio of
bacteria to epithelial cells. The results, shown in Table 1, in-
dicated that there was considerable variability in the levels of
IL-8 released following exposure to the different strains, and
strains 81-176 and BT44, an isolate from Thailand, produced
the highest levels of the strains tested (.500 pg/ml). Most
strains induced secretion of IL-8 of between 160 and 236 pg/ml.
The lowest level of IL-8 induced was by MSC57360, the type
strain of the O:1 serotype (5), which produced only 96 6 18
pg/ml. Exposure to the negative control, E. coli DH5a, resulted
in secretion of 42.2 6 16 pg of IL-8 per ml. INT407 cells
incubated with phorbol ester (phorbol myristate acetate) and
calcium ionophore (A23187) produced 4,461 6 452 pg of IL-8
per ml at 24 h.

IL-8 secretion requires live, intact bacteria and de novo
protein synthesis. To determine if living cells were required to
induce secretion of IL-8, 81-176 cells were inactivated with
formalin, as described in Materials and Methods, and these
killed cells were used in the IL-8 assay at the same concentra-
tion as live cells. The results, summarized in Fig. 2, indicate
that the levels of IL-8 secreted following exposure to the for-
malin-fixed cells (40.5 6 21 pg/ml) are similar to those with the
medium control (64.0 6 43 pg/ml).

C. jejuni 81-176 cells were also fractionated into soluble and
membrane fractions, and samples of each fraction (10 mg of
total protein) were added to INT407 monolayers. The levels of
IL-8 detected following addition of the membrane fraction
(57.1 6 34.7 pg/ml) and soluble fraction (76.7 6 67.8 pg/ml)
were similar to that seen with the medium control. Similarly, 15
ml of supernatant from overnight biphasic cultures of 81-176
induced secretion of only 77.8 6 4.3 pg of IL-8 per ml. Addi-
tion of chloramphenicol to the monolayer at a final concentra-
tion of 100 mg/ml immediately prior to addition of live 81-176

FIG. 1. Kinetics of IL-8 secretion by INT407 monolayers after inoculation
with C. jejuni 81-176. The epithelial monolayers were inoculated such that ratios
of Campylobacter to monolayer cells of 100:1, 50:1, and 25:1 were obtained.
Culture supernatants were assayed at 8 and 24 h for IL-8 via ELISA (Endogen).
Values are means and standard deviations from two experiments.

TABLE 1. Secretion of IL-8 by INT407 cells after exposure to C. jejuni for 24 ha

Strain
Serotype

Origin (reference) IL-8 (pg/ml)c Invasion (%)d

Lior Pennerb

81-176 6 23, 36 United States (7, 24) 554 6 156 2.1 6 0.62
BT44 9 ND Thailand (28) 525 6 113 0.41 6 0.11
PC72 4 02 Canada (4) 236 6 81 0.01 6 0.002
BT43 11 ND Thailand (28) 214 6 22 0.007 6 0.003
MK104 4 19 Canada (3) 193 6 128 0.0013 6 0.000014
749 36 ND Egypt (6) 161 6 15 0.12 6 0.03
MSC57360 2 01 Canada (5) 96 6 18 0.02 6 0.004

a Control experiments with E. coli DH5a resulted in secretion of 42.2 6 16 pg of IL-8 per ml in 24 h.
b ND, not determined.
c Values are means and standard deviations from four experiments. For all values, P was ,0.05 compared to a control experiment with E. coli DH5a.
d Values are means and standard deviations from three experiments.
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cells resulted in release of only 21.7 6 37.6 pg of IL-8 per ml.
This represents a .95% reduction in the amount of IL-8 re-
leased by live cells without chloramphenicol (531.7 6 21.7
pg/ml) and indicates that C. jejuni requires de novo protein
synthesis to induce IL-8 secretion.

Induction of IL-8 secretion is associated with adherence
and/or invasion. 81-176 caused release of the highest levels of
IL-8, and this strain invades tissue culture cells at levels which
are higher than those of most other strains of campylobacters
(30). Moreover, invasion of 81-176 and other strains of C. je-
juni in vitro has been shown to require de novo synthesis of
proteins (22, 30). To determine if invasion was associated with
IL-8 secretion, we compared the invasiveness of the strains

listed in Table 1 with the same multiplicity of infection as used
in the cytokine assay. The results indicated that the two strains
that produce the highest levels of IL-8 secretion are also the
most invasive. Thus, 81-176, which invaded at 2.1%, resulted in
secretion of 554 pg of IL-8 per ml and BT44, which invaded at
0.4%, resulted in secretion of 525 pg of IL-8 per ml. All of the
other strains invaded at levels of #0.12% of the inoculum and
induced IL-8 secretion of ,250 pg/ml, suggesting a trend to-
ward association of invasiveness with the amount of IL-8 se-
creted, without a strict correlation between the two.

To examine the role of invasion more specifically, various
mutants of 81-176 which have been shown to be affected in
both adherence and invasiveness in vitro (33, 42, 43) were
tested in the IL-8 assay. The results, shown in Table 2, indi-
cated that levels of adherence and/or invasion appear to be
associated with the levels of IL-8 secreted. A flaA mutant of
81-176, K2-32, which has been shown to adhere to and invade
INT407 cells at 1.5 and 0.5%, respectively, of the level of the
wild type (42), induced 18% of the level of IL-8 induced by the
wild type. Mutant RY213, which has two copies of the cheY
gene and has been shown to be reduced in both adherence and
invasion (43), resulted in release of about 30% of the level of
IL-8 induced by the wild-type strain. Conversely, RY209, a
cheY mutant which has been reported to adhere and invade at
about three times the level of 81-176 (43), resulted in a 2.2-fold
increase in IL-8 release. Mutant RY303, which is affected in
the flagellar motor, has been shown to adhere at about 43% of
the level of the wild type but to invade at only 1% of the level
of the wild type (42). Interestingly, this mutant caused secre-
tion of IL-8 at levels of about 27% of that of the wild type,
similar to that of RY213 and K2-32, suggesting that invasion,
rather than adherence, is necessary for IL-8 induction. An-
other mutation of 81-176 shown to affect adherence and inva-
sion is found in the peb1A mutant described by Pei et al. (33).
This mutation, in a gene encoding a protein which has sig-
nificant sequence similarity to ATP-binding cassette (ABC)
transporters, has been reported to cause adherence at 10
to 50% of the level of wild-type 81-176 and invasion at 5.5%
of the level of the wild type (33). The peb1A mutant result-
ed in release of 18% of the level of IL-8 induced by the
wild-type strain. Another mutant, RY224, which is unable to
form pili under inducing conditions but which remains ad-
herent and invasive in vitro (13), was not affected in IL-8 se-
cretion.

FIG. 2. IL-8 secretion by INT407 cells treated with C. jejuni 81-176 cells and
fractions. INT407 monolayers were exposed to either whole cells or various
fractions of C. jejuni 81-176 cells for 24 h, and IL-8 levels were measured by
ELISA. The various samples were live 81-176 cells, live 81-176 cells plus 100 mg
of chloramphenicol (CM)/ml, formalin-killed 81-176 cells, 15 ml of filter-steril-
ized culture supernatants from 18-h biphasic cultures of 81-176 cells, total mem-
brane fraction purified from 81-176 cells (10 mg of total protein), soluble
fraction purified from 81-176 cells (10 mg of total protein), and a control of
MEM alone. Values are means and standard deviations from two to six ex-
periments.

TABLE 2. IL-8 secretion by INT407 cells after 24 h of exposure to C. jejuni strains

Strain Genotype Relevant features (reference)
IL-8 secretion % of wild typeb

IL-8 (pg/ml)a % of wild type Adherence Invasion

81-176 strains
81-176 Wild type 652 6 34 100 100 100
K2-32 flaA Mot2 FlaA2 Inv2 (42) 120 6 48* 18 1.5 0.5
RY213 cheY1 diploid Mot1 Che1 Inv2 (43) 194 6 24* 30 7.3 4.8
RY303 pflA Mot2 Che1 Inv2 (42) 175 6 52* 27 43 1
RY224 pspA Mot1 Che1 Inv1; nonpiliated (13) 622 6 67 95 103 103
RY209 cheY Mot1 Che2; hyperinvasive (43) 1,482 6 78* 227 305.2 284
81-176 peb1A Mot1 Che1 Inv2 (33) 120 6 25* 18 10–50 5.5

749 strains
749 Wild type 189 6 44 100 100 100
749 (cheY) cheY Mot1 Che2; hyperinvasive 1,148 6 22* 607 317 133

a The IL-8 levels are means and standard deviations from three or four independent assays. *, P , 0.001 compared to the appropriate wild-type strain.
b The percent adherence and invasion for the peb1A mutant are taken from Pei et al. (33), those for the pspA mutant are from Doig et al. (13), and those for

all other mutants are from Yao et al. (42, 43); the actual adherence for wild-type 749 was 0.035% 6 0.007%, and the actual invasion for wild-type 749 was
0.10% 6 0.002%.
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The cheY mutation was moved by natural transformation
from RY209 into another strain of C. jejuni, 749, which showed
low levels of both invasion and IL-8 secretion (see Table 1).
The resulting mutant showed no zones of chemotaxis on
motility agar but was motile by examination of wet mounts in
the microscope. This mutant invaded at 13-fold-higher levels
(1.37% 6 0.32%) than the 749 parent (0.103% 6 0.002%).
The mutant resulted in release of over sixfold more IL-8 than
did wild-type 749, as seen in Table 2.

Kinetics of invasion and IL-8 secretion. The requirement for
invasion was examined in more detail for strain 81-176. An
assay was done in which bacteria were added to INT407 mono-
layers in triplicate at a ratio of 100 bacteria per eukaryotic cell.
The mixtures were incubated for 2, 4, or 8 h prior to addition
of gentamicin or for 24 h without gentamicin. Gentamicin
killing was allowed to proceed for 2 h prior to subsequent
enumeration of internalized bacteria in one set of wells. In the
second set of wells, IL-8 was measured immediately following
the 2-h gentamicin kill period. In the third set of wells, the cells
were incubated in the presence of gentamicin overnight to
allow for maximum production of IL-8. The results, shown in
Table 3, indicate that the number of viable internalized bacte-
ria peaked at 8 h (2.5%) but then dropped off by 24 h to only
0.3%, consistent with reports of little to no intracellular repl-
ication of campylobacters following invasion (30). IL-8 lev-
els were not detectable when measured immediately after the
2-h gentamicin kill period, and only 29 pg/ml was detected
immediately after the 4-h invasion period; this level in-
creased to 78 pg/ml after 8 h of invasion and to 441 pg/ml
after 24 h of incubation. Although no IL-8 was detectable
immediately following the 2-h invasion period, if the cells
were allowed to incubate overnight in the presence of gen-
tamicin, 534 6 19 pg of IL-8 per ml was detected. Similarly,
when gentamicin was added at 4 and 8 h after invasion, fol-
lowed by overnight incubation, the levels of IL-8 detected rose
to 454 6 30 and 435 6 34 pg/ml, respectively. Cells not treated
with gentamicin produced 441 6 108 pg of IL-8 per ml after
24 h.

DISCUSSION

Recent studies have suggested that IL-8 secretion by epithe-
lial cells may be an early signal for the acute inflammatory
response following numerous bacterial infections. Although
the data are difficult to compare directly because of differences
in cell lines and kinetics of induction, the levels of IL-8 induced
by C. jejuni appear to be comparable to those reported for
other pathogens. For example, in one survey of different en-
teric pathogens, IL-8 induction in Caco-2 cells ranged from 115
pg/ml for Shigella dysenteriae to 1,412 pg/ml for Salmonella
dublin (20). In the case of most enteric pathogens, IL-8 induc-

tion requires invasion (14, 15), although induction by entero-
aggregative E. coli appears to require adherence only (36). H.
pylori, which is not considered to be an invasive pathogen (10),
can also induce IL-8 production in stomach cell lines in vitro,
and this ability is thought to play a key role in triggering the
disease process. Interestingly, as reported here for C. jejuni,
there is considerable variation in the ability of different strains
of H. pylori to induce IL-8. This variability in H. pylori is
thought to represent differences among strains in virulence
potential (35).

The studies reported here demonstrate that C. jejuni can
induce secretion of IL-8 from INT407 intestinal epithelial cells,
although there appears to be variability in the levels of IL-8
which are released following exposure to different clinical iso-
lates. Those strains which are the highest invaders of intestinal
epithelial cells are also those which induce the highest levels of
IL-8 release. This association with adherence and/or invasion is
most clearly demonstrated with site-specific mutants. Thus, a
mutant defective in the major flagellin subunit, K2-32 (42), is
reduced in adherence, invasion, and IL-8 induction. Similarly,
a mutant, RY213, which contains two copies of a wild-type
cheY gene (43), and the peb1A mutant (33) are both reduced in
adherence, invasion, and IL-8 induction. Moreover, a cheY
mutant of 81-176, which has been shown to be hyperadherent
and hyperinvasive (43), shows a similar increase in IL-8 re-
lease. Another mutant strain of 81-176, RY303, is defective in
a gene presumably involved in the function of the bacterial
motor (pflA, or paralyzed flagella) and has been shown to
invade at 1% of the level of the wild type but retains the ability
to adhere at approximately 43% of the level of the wild type
(43). Despite the ability of RY303 to adhere at these relatively
high levels, the strain results in secretion of levels of IL-8
similar to those caused by RY213, suggesting that invasion,
rather than adherence, is crucial to IL-8 release. This hypoth-
esis is strengthened by the observation that addition of chlor-
amphenicol, which has been shown to eliminate invasion of
81-176 (30), results in loss of IL-8 induction. However, in our
hands, addition of chloramphenicol also prevented adherence
of 81-176 to INT407 cells (data not shown). Moreover, since
there are reports of multiple adhesins in C. jejuni (12, 23, 27,
34), it remains possible that the pflA mutant adheres via a
secondary adhesin (perhaps flagellin) which is incapable of
triggering IL-8 secretion. Thus, induction of IL-8 might require
adherence via a specific bacterial ligand and release of proteins
directly into the eukaryotic cell via a process which requires de
novo protein synthesis. In addition, most of the mutants exam-
ined affect motility and/or chemotaxis, processes which appear
to be coordinately regulated with virulence in campylobacters
and numerous other pathogens (16, 28, 31, 43). Thus, these
mutations could also be affecting other unidentified virulence
factors, the expression of which may be coordinately regulated
with motility and/or chemotaxis. The reduction in IL-8 induc-
tion by the peb1A mutant, which is defective in an adhesin
described by Kervella et al. (21), would suggest that this may be
the requisite adhesin. However, the insertion in the peb1A
mutant is in a gene encoding a protein which resembles a
component of an ABC transporter, and the role of this gene
product in adherence and invasion remains unclear (33), es-
pecially in light of the requirement for de novo protein syn-
thesis.

We have previously reported that changes in the levels of
CheY in 81-176 alter adherence and invasion (43), presumably
by changes in signal transduction affecting virulence factors
which are coordinately regulated with motility and/or chemo-
taxis. The observation that a cheY mutant of 749 also becomes
hyperinvasive and causes increased secretion of IL-8 strength-

TABLE 3. Association of invasion and IL-8 induction
by C. jejuni 81-176a

Time of invasion
assay (h)

% of inoculum
internalized

IL-8 production (pg/ml)

End of invasion
assay

Invasion assay 1
overnight incubation

2 0.8 6 0.2 0 534 6 19
4 2.0 6 1.2 29 6 42 454 6 30
8 2.5 6 1.9 78 6 110 435 6 34
24 0.3 6 0.07 441 6 108 ND

a Values are means and standard deviations from two experiments. ND, not
done.
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ens previous suggestions that CheY somehow modulates ex-
pression of virulence factors. These results also suggest that
the generally higher levels of invasion and IL-8 secretion ob-
served for wild-type 81-176 than for most other strains may
reflect differences in regulation of common virulence factors.
Thus, expression of virulence factors may be repressed in most
strains of C. jejuni under in vitro conditions, while those of
81-176 are relatively derepressed under the same growth con-
ditions. Perturbation of signal transduction pathways may de-
repress expression of virulence factors and result in levels of
invasion and IL-8 induction in other strains (such as 749) more
comparable to those observed for 81-176.

Collectively, these data suggest that secretion of IL-8 by
intestinal epithelial cells exposed to C. jejuni may be the initial
signal for the acute inflammatory response. Interestingly, a
recent study reported that levels of IL-8 in humans with
campylobacter enteritis rose during the acute phase of the
disease and fell with recovery (39). Studies are under way
to confirm this by using animal models and samples from
human volunteers fed 81-176. We are also examining induc-
tion of other inflammatory cytokines in intestinal lines fol-
lowing exposure to C. jejuni and are attempting to deter-
mine the bacterial components necessary to elicit cytokine
induction.
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