
Introduction
Compelling epidemiological evidence links the chronic
gastritis associated with infection with Helicobacter pylori
to the development of gastric adenocarcinoma (1), the
second leading cause of cancer-related death in the world
(2). One of several mechanisms that have been proposed
to account for the increased cancer risk is that gastric
carcinoma occurs as the result of an inappropriately reg-
ulated local host immune response to the infection. A
general feature of this response is a dense infiltration of
the subepithelial gastric lamina propria by phagocytes,
mainly monocyte/macrophages and neutrophilic gran-
ulocytes, and lymphocytes, including those of relevance
to defense against arising and established gastric cancer
such as natural killer (NK) cells and T cells (3–6).

To further understand the mechanisms underlying
H. pylori–induced carcinogenesis, it is of interest to
explore interactions between H. pylori and leukocytes
infiltrating the infected tissue. H. pylori cause a
chronic, often lifelong infection of the gastric epithe-
lial cells, but the bacteria do not normally penetrate
into the subepithelial lamina propria. Thus, modu-
lation of leukocyte function is likely to depend on the
release of soluble bacterial products (7–9). In this

study, we have investigated the immunomodulatory
properties of a cecropin-like H. pylori–derived pep-
tide, Hp(2-20) (10, 11). We show that Hp(2-20), act-
ing via two receptors of the FPR family of chemoat-
tractant receptors, attracts monocytes and activates
monocytes to generate NADPH-oxidase–derived oxy-
gen radicals. Monocytes activated by Hp(2-20) sup-
pressed functions of NK cells and T cells and trig-
gered apoptosis in both cell types; these inhibitory
events were mediated by oxygen radicals. Histamine,
a gastric mucosal constituent, protected NK cells/T
cells from monocyte-induced functional inhibition
and apoptosis. We hypothesize that Hp(2-20) con-
tributes to the accumulation and activation of mono-
cytes in chronic gastritis, and that the Hp(2-20)–
induced formation of mutagenic oxygen radicals
with ensuing inhibition of antineoplastic lympho-
cytes may be of relevance to the increased cancer risk
in H. pylori–infected gastric tissue.

Methods
Peptides and chemicals. The peptides used, Hp(2-20),
AKKVFKRLEKLFSKIQNDK, and WKYMVm, were syn-
thesized and handled as described (11). Histamine dihy-
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drochloride was from Maxim Pharmaceuticals (San Diego,
California, USA), ranitidine hydrochloride from Glaxo
(Mölndal, Sweden), and human recombinant IL-2 from
Genzyme (Stockholm, Sweden).

Separation of leukocytes. Peripheral blood was
obtained from blood donors at Sahlgren’s Hospital,
Göteborg, Sweden. After Ficoll-Hypaque centrifuga-
tion (12), mononuclear cells were separated into lym-
phocytes and monocytes using the countercurrent
centrifugal elutriation (CCE) technique, as described
in detail elsewhere (12). This procedure yielded one

fraction with >90% monocytes (at a flow rate of 20–22
ml/min) and two lymphocyte fractions, one enriched
for CD3ε–/56+ NK cells (45–50%, at 15–16 ml/min)
and one enriched for CD3ε+/56– T cells (70–80%, at
13–14 ml/min).

Monocyte chemotaxis and NADPH-oxidase activity.
Monocyte chemotaxis was determined using ChemoTx
multiwell chambers (Neuro Probe Inc., Gaithersburg,
Maryland, USA) according to instructions provided by
the manufacturer. Monocytes were allowed to migrate
through the filters, and accumulation of cells in the
lower compartments was determined microscopically
after a 90-minute incubation at 37°C. NADPH-oxidase
activity was determined using an isoluminol-enhanced
chemiluminescence (CL) system that quantitates extra-
cellular reactive oxygen species (ROS) (13).

Assays of apoptosis. Apoptosis was monitored by use of
flow cytometry, as described elsewhere (14). T cells or
NK cells were gated after exposure to monocytes, and
the gate was set to comprise lymphocytes with a
reduced forward scatter and an increased right-angle
scatter characteristic of apoptosis (12). Two addition-
al methods were used to determine apoptosis in NK
cells and T cells: analysis of DNA strand breaks by
TUNEL assay and annexin V staining, as described
elsewhere (14, 15).

Detection of lymphocyte surface and intracellular antigens.
One million cells were stained with appropriate FITC-
and phycoerythrin-conjugated (PE-conjugated) mAb’s
(Becton Dickinson, Stockholm, Sweden; 10 µl/106

cells), as described elsewhere (15). Cells were analyzed by
use of flow cytometry on a FACSort with a Lysys II soft-
ware program (Becton Dickinson). Lymphocytes were
gated on the basis of forward and right-angle scatter.
The flow rate was adjusted to less than 200 cells × s–1,
and at least 5 × 103 cells were analyzed for each sample.

Lymphocytes analyzed for CD3ζ expression were first
stained for appropriate surface antigens. Thereafter,
cells were fixed and permeabilized using a
Cytofix/Cytoperm Kit (Becton Dickinson) and incu-
bated with PE-conjugated mAb’s against CD3ζ
(TcRζ/TIA-2; Immunotech/Coulter, Marseille, France)
according to the protocol provided by the manufac-
turer. Finally, the cells were analyzed for CD3ζ expres-
sion by use of flow cytometry.

Assay of NK cell cytotoxicity. NK cell–mediated cytotox-
icity against K562, an NK cell–sensitive leukemic cell
line, was assayed as described elsewhere (14). NK
cell–enriched lymphocytes (100,000 cells/well) were
incubated in quadruplicates in 96-well microplates
(Nunc A/S, Roskilde, Denmark) in the presence or
absence of autologous monocytes (10,000–100,000
cells/well). All compounds were added at the onset of
incubation, with the exception of formylmethionyl-
leucyl-phenylalanine (fMLF; 0.1 µM) or Hp(2-20) (50
µM), which were added 20 minutes later. Finally,
10,000 51Cr-loaded (Amersham, Stockholm, Sweden)
K562 cells were added to the cell suspension. After
incubation at 37°C for 16 hours, supernatant fluids
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Figure 1
Hp(2-20)–induced monocyte chemotaxis and activation of the
monocyte NADPH-oxidase. Monocyte transmigration after 90 min-
utes in response to different Hp(2-20) concentrations was deter-
mined using a ChemoTx multiwell chamber system. Migration was
determined microscopically by counting cells in the lower compart-
ments. (a) Hp(2-20) induced chemotaxis in human monocytes in a
dose-dependent manner. Mean values ± SEM of three separate exper-
iments. Hp(2-20) (50 µM), but not the control peptide Hp1 (50
µM), triggered superoxide anion production in monocytes (b) with
kinetics similar to that induced by the formylated peptide fMLF
(inset). The Hp(2-20)–induced superoxide anion release was dose-
dependent within the micromolar range (c). One representative
experiment out of five (b and inset), and mean values ± SEM of five
separate experiments (c).



were collected by a tissue collecting system (Amersham)
and assayed for radioactivity in a gamma-counter. NK
cell cytotoxicity was calculated using the formula:

Equation 1

Cytosolic [Ca2+] in HL-60 cells expressing FPRL1, FPRL2,
and FPR. Stable expression of FPR, FPRL1, and FPRL2
in undifferentiated HL-60 cells was obtained as
described, and their interaction with Hp(2-20) was
determined by the ability of the peptide to mobilize
intracellular [Ca2+] in fura 2–loaded cells (16).

Results

A cecropin-like H. pylori peptide 
activates human monocytes

Chemotaxis and NADPH-oxidase activity. The Hp(2-20)
peptide was found to be dose-dependently chemo-
tactic for monocytes (Figure 1a). The maximal trans-
migration observed was only slightly lower than that
induced by the well-characterized and efficacious
monocyte chemoattractant fMLF. Monocyte
chemoattractants commonly activate a specialized
electron-transporting system, the NADPH-oxidase,

which ferries electrons to molecular oxygen. In this
way, oxygen is reduced to superoxide anions, which
in turn is converted to toxic oxygen products (17).
The Hp(2-20) peptide induced a robust and dose-
dependent oxygen radical production (superoxide
anion) in monocytes (Figure 1, b and c). The time
course and magnitude of the response were compa-
rable to those induced by fMLF (Figure 1b, inset).
The Hp(2-20)–induced superoxide anion formation
was inhibited by the NADPH-oxidase inhibitor DPI
(18). A greater than 90% inhibition of 
Hp(2-20)–induced activity was observed at a DPI con-
centration of 10 µM. In parallel experiments, DPI
inhibited oxygen radical formation in response to
fMLF, an established NADPH-oxidase activator (17)
with similar efficacy and potency (not shown). These
results suggest that Hp(2-20) is a true activator of the
monocyte NADPH-oxidase.

An intact α-helical structure of Hp(2-20) 
is required for monocyte activation. Hp(2-20) contains a
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Figure 2
Hp(2-20)–induced calcium mobilization in transfected HL-60 cells.
Receptor interaction with Hp(2-20) (50 µM) was determined by
measuring the ability of the peptide to mobilize intracellular calcium
in undifferentiated HL-60 cells, stably transfected with either FPR,
FPRL1, or FPRL2. Cells expressing the specific monocyte receptor
FPRL2 responded with a rise in intracellular [Ca2+], which peaked at
approximately 300 nM (a). The EC50 of the Hp(2-20)–induced calci-
um mobilization in FPRL2-expressing cells was around 10 µM,
whereas that for FPRL1 was approximately 30-fold lower (b). No sig-
nificant rise in intracellular [Ca2+] occurred when Hp(2-20) was
added to cells expressing FPR (a).

Figure 3
Desensitization of the Hp(2-20) (50 µM) response. Monocytes first
activated with the agonist WKYMVm (0.1 µM) (which desensitizes
FPR, FPRL1 and FPRL2) were unable to generate a second burst of
superoxide when challenged 10 minutes later with Hp(2-20) (a).
Homologous desensitization with two subsequent stimulations of
Hp(2-20) was also apparent (b). No desensitization against 
Hp(2-20)–induced activation was obtained in monocytes first chal-
lenged with fMLF (0.1 µM) (which desensitizes only FPR) (c).



perfect amphipathic α-helical structure, similar to
those found in cecropins, which can be interrupted by
replacing key amino acids (16, 19). Replacement of
the lysine in position 9 of Hp(2-20) with leucine, an
amino acid that lacks a polar side chain, interferes
with the helical structure (19). No monocyte activa-
tion was obtained with the K→L substituted control
peptide Hp1 (Figure 1b).

Hp(2-20) activates monocytes via FPRL1 and its mono-
cyte-specific homologue FPRL2. By using undifferentiat-
ed HL-60 cells that had been stably transfected with
FPR, FPRL1, or FPRL2, it was found that Hp(2-20)
activated monocytes via FPRL1 and FPRL2, but not
via FPR. Thus, cells expressing the specific monocyte
receptor FPRL2 responded with a rise in intracellular
[Ca2+] reaching a level of approximately 300 nM (Fig-
ure 2a). The EC50 value of the Hp(2-20)–induced cal-
cium mobilization in FPRL2-expressing cells was
approximately 10 µM, whereas that for FPRL1 was
approximately 30-fold lower (Figure 2b).

The supposition that Hp(2-20) activated monocytes
via FPRL1 and FPRL2, but not via FPR, was confirmed

in desensitization experiments using the agonists
WKYMVm, which desensitizes FPR, FPRL1 and FPRL2,
and fMLF, which desensitizes only FPR (20). Thus,
monocytes first activated with WKYMVm were unable
to generate a second burst of superoxide when subse-
quently challenged with Hp(2-20) (Figure 3a). A simi-
lar desensitization was observed after a reciprocal stim-
ulation (not shown). Homologous desensitization with
two subsequent stimulations of Hp(2-20) was also
apparent (Figure 3b). No desensitization against 
Hp(2-20)–induced activation occurred in monocytes
first challenged with fMLF (Figure 3c).

Lymphocyte inhibition and apoptosis 
induced by Hp(2-20)

Earlier studies reveal that monocytes/macrophages trig-
ger functional inhibition of NK cells (12, 15). Our find-
ing that Hp(2-20) potently triggered superoxide anion
formation in monocytes prompted us to investigate
effects of Hp(2-20) on monocyte-NK cell interactions.
For this purpose, we incubated monocytes at various
densities with autologous NK cell–enriched lympho-
cytes and monitored NK cell function and viability.

NK cell cytotoxicity. Hp(2-20) (50 µM), but not Hp1,
effectively enhanced the monocyte-induced NK cell
suppression (Figure 4a). The Hp(2-20)–induced inhi-
bition was significantly more pronounced than that
induced by control monocytes and completely coun-
teracted by treatment with a combination of the oxy-
gen radical scavengers SOD and catalase (Figure 4b).
More than 90% of the lymphocyte cytotoxicity was
depleted by the removal of CD56+ NK cells by use of
anti–CD56-coated beads (14); in contrast, removal of
CD3+ T cells by use of anti–CD3-coated beads did not
significantly reduce cytotoxicity (not shown).

Expression of CD3ζ. NK cells and other lymphocytes
recovered from tumor-bearing animals (21) or patients
with solid cancer disease, including gastric adenocarci-
nomas (22, 23), show a reduced expression of a critical
signal-transducing molecule, CD3ζ (TcRζ). The pro-
posed link between oxygen radical formation by mono-
cyte/macrophages and cancer-related CD3ζ disappear-
ance (24), along with our finding that Hp(2-20)
induced oxygen radical production, encouraged us to
examine the CD3ζ expression of NK cells after expo-
sure to Hp(2-20)–activated monocytes.

A problem in the study of CD3ζ of NK cells is that
the expression of characteristic surface markers on NK
cells, such as CD56 or CD16, is strongly reduced by
incubation with monocyte/macrophages. In contrast,
T cells retain their main identification structure CD3ε
after exposure to monocytes (12, 15). Therefore, an
appropriate method to detect changes in CD3ζ expres-
sion is to study CD3ε– lymphocytes in NK cell–
fenriched lymphocyte preparations.

We found that Hp(2-20)–activated monocytes, but
not monocytes treated with Hp1 (not shown),
induced the disappearance of CD3ζ+ cells from viable
CD3ε–, NK cell–enriched lymphocytes; more than
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Figure 4
Monocyte-dependent inhibition of NK cell cytotoxicity by Hp(2-20)
(50 µM), reversal by oxygen radical scavengers. NK cell–enriched lym-
phocytes (105 cells/well) were incubated with autologous monocytes
for 16 hours at 37°C and assayed for cytotoxicity against 51Cr-
labeled K562 cells (104 cells/well). (a) The cell cultures were treated
with culture medium (control, open circles), Hp(2-20) (filled circles),
or the control peptide Hp1 (50 µM) (filled boxes). Results are per-
centage of cell lysis (mean ± SEM of quadruplicates). Hp(2-20) did
not significantly affect cytotoxicity in the absence of monocytes (not
shown) but enhanced the monocyte-induced inhibition of cytotoxi-
city at all monocyte/lymphocyte ratios investigated (a). The mono-
cyte-dependent inhibition of NK cell cytotoxicity by Hp(2-20) was
confirmed in ten experiments using blood from different donors. In
these experiments, the Hp(2-20)–induced inhibition was statistical-
ly significant over that induced by control monocytes at 37% mono-
cytes (P < 0.005; Wilcoxon’s rank sum test) and 44% monocytes 
(P < 0.005). (b) The cell cultures were treated with Hp(2-20) (filled
circles) or Hp(2-20) + SOD (50 U/ml) + catalase (200 U/ml) (filled
boxes). Results are percentage of cell lysis (mean ± SEM results from
eight experiments using blood from different donors). At all mono-
cyte/lymphocyte ratios above 1:5 monocytes, SOD + catalase signif-
icantly rescued NK cell cytotoxicity from Hp(2-20)–induced inhibi-
tion (P < 0.01–0.001, Wilcoxon’s rank sum test for pairs).



80% of these lymphocytes were CD56+ NK cells (Fig-
ure 5a). The inhibition was completely prevented by
SOD and catalase (Figure 5b).

Apoptotic cell death in NK cells and T cells. An enhanced
level of apoptosis is a common feature of lymphocytes
recovered from patients with advanced gastric carci-
noma (23). Morphological changes characteristic of
lymphocyte apoptosis were observed after overnight
incubation of lymphocytes with monocytes activated
by Hp(2-20). The Hp(2-20)–induced apoptosis was
observed in NK cells and in CD3ε+ T cells (Figure 6a).
Apoptosis was confirmed by DNA fragmentation
assay (TUNEL assay) and annexin V staining (refs. 14,
15 and not shown) and completely prevented by SOD
and catalase (Figure 6b).

T cell activation. We next determined the de novo
expression of the early activation antigen CD69 (Leu-
23) on CD3ε+ T cells obtained from a T cell–enriched
lymphocyte fraction incubated in the presence or
absence of Hp(2-20)–activated monocytes. CD3ε+ T

cells treated with IL-2 (100 U/ml) in the absence of
monocytes acquired cell surface CD69. The 
IL-2–induced expression of CD69 was significantly
reduced by monocytes, and the downregulation of
CD69 was strongly potentiated by Hp(2-20) (Figure 7).
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Figure 5
Hp(2-20) (50 µM) triggers the disappearance of the signal-transducing
molecule CD3ζ from NK cells. Monocytes and/or NK cell–enriched lym-
phocytes were incubated as described in the legend to Figure 4. After
incubation of the lymphocyte/monocyte mixture, cells in a CD3ε– lym-
phocyte gate (>80% of which were CD56+ NK cells) were assayed for
expression of CD3ζ by use of flow cytometry. The histogram in a shows
CD3ζ expression by gated CD3ε– control lymphocytes + 25% monocytes
(line 1), Hp(20-20)–treated lymphocytes + 25% monocytes (line 2), con-
trol lymphocytes + 50% monocytes (line 3), and Hp(2-20)–treated lym-
phocytes + 50% monocytes (line 4). The histogram in b shows corre-
sponding CD3ζ expression of control CD3ε– lymphocytes (line 1),
Hp(20-20)–treated lymphocytes + 25% monocytes (line 2), and Hp(20-
20)–treated lymphocytes + 25% monocytes treated with catalase and
SOD (line 3). The histogram in c shows CD3ζ expression of control
CD3ε– lymphocytes (line 1), Hp(20-20)–treated lymphocytes + 25%
monocytes + histamine (50 µM; line 2), and Hp(20-20)–treated lym-
phocytes + 25% monocytes + histamine + ranitidine (50 µM; line 3). The
Hp(2-20) peptide was added 20 minutes after the onset of incubation.
All data are expressed as percentage of CD3ζ+ cells in a CD3ε– gate, set
to comprise only viable lymphocytes. Similar results were obtained in
three separate experiments.

Figure 6
Hp(2-20) triggers apoptosis in NK cells and T cells. Monocytes and/or
NK cell–enriched lymphocytes were prepared as described in the leg-
end to Figure 4. After incubation, cells in a lymphocyte gate were
assayed for morphological features of apoptosis (reduced forward and
increased right-angle scatter) by use of flow cytometry. (a) Data are
the frequency of apoptotic CD56+ (NK; filled bars) or CD3ε+ (T; open
bars) after the following treatments: lymphocytes incubated in culture
medium (control; lane 1) lymphocytes + 25% monocytes (lane 2), lym-
phocytes + 25% monocytes + Hp(2-20) (50 µM; lane 3), lymphocytes
+ 50% monocytes (lane 4), lymphocytes + 50% monocytes + Hp(2-20)
(lane 5). The inset shows apoptosis induced by Hp(2-20)–activated
monocytes in all lymphocytes, and these data are the mean ± SEM of
three separate experiments. The results in b show the apoptosis of lym-
phocytes induced by 25% monocytes (light gray bars) or 50% mono-
cytes (dark gray bars) activated with Hp(2-20) in cell mixtures treated
with SOD + catalase (cat) or histamine (his) (50 µM), alone or in the
presence of the H2-receptor antagonist ranitidine (ran) (50 µM).



More than 80% of NK cells acquired CD69 after treat-
ment with IL-2 in the absence of monocytes. IL-2 weak-
ly induced CD69 on NK cells when these cells were
incubated with monocytes, and the inhibition was
effectively potentiated by Hp(2-20) (not shown).

Histamine inhibits Hp(2-20)–induced 
radical production and restores 
lymphocyte function and viability

Effect of histamine on NADPH-oxidase activity. The high
concentrations of histamine normally present in the
gastric mucosa (approximately 10–100 µM; refs. 25, 26)
led us to investigate the effects of histamine on 
Hp(2-20)–induced oxygen radical formation in mono-
cytes. Histamine markedly inhibited the oxygen radical
formation induced by Hp(2-20), and the specific hista-
mine H2-receptor antagonist ranitidine reversed the
inhibition (Figure 8a).

Effect of histamine on NK cell and T cell function. Earli-
er studies show that histamine maintains NK cell and
T cell function in the presence of suppressive phago-
cytes by inhibiting oxygen radical production (14,
15). We therefore investigated whether histamine
protected NK cells and T cells from monocyte-
induced, Hp(2-20)–mediated suppression. Histamine
prevented the following Hp(2-20)–induced events:
downregulation of CD3ζ expression in NK cells/T
cells (Figure 5c), triggering of NK cell and T cell
apoptosis (Figure 6b), and inhibition of NK cell anti-
tumor activity (Figure 8b). The histamine-induced
protection of T cells and NK cells was antagonized by
ranitidine (Figure 5c, Figure 6b, and Figure 8b).

Discussion
In this study, we show that a H. pylori–derived peptide,
Hp(2-20), is a monocyte chemoattractant that also trig-
gers NADPH-oxidase–dependent oxygen radical forma-

tion. In this regard, Hp(2-20) was as potent as previously
identified H. pylori–derived proinflammatory peptides
such as NAP and the peptide derived from the N-termi-
nal portion of the bacterial urease (7–9). Monocyte acti-
vation was mediated by the FPRL1 as well as by an earli-
er orphan monocyte receptor, FPRL2. Several phagocyte
chemoattractant receptors have been identified and char-
acterized with respect to agonist binding, generation of
intracellular signals, and cellular responses. FPRL1 (11,
27), which is the receptor shown earlier to recognize
Hp(2-20) in neutrophils (11), binds to a broad spectrum
of ligands that do not show any sequence homologies.
FPRL1 binds LXA4 with high affinity and has been
referred to as the LXA4 receptor (28). Other peptides/pro-
teins with agonist activity at FPRL1 include a leucine zip-
perlike domain of the HIV-1 envelope gp41 (29), a pep-
tide derived from the HIV-1 envelope gp120 (30), the
acute-phase protein serum amyloid A (31), the mito-
chondrial peptide MYFINILTTL (32), LL-37, a bacterici-
dal peptide derived from neutrophil cathelicidin (33), and
the neurotoxic prion peptide fragment PrP106–126 (34).
FPRL1 is thus a truly promiscuous receptor.

A third member of the FPR receptor family, FPRL2,
which shows 83% amino acid sequence homology (par-
ticularly in the signaling cytoplasmic domain) with
FPRL1 (35, 36), is expressed only by monocytes. No
natural FPRL2 agonists have been identified. Our data
demonstrate that Hp(2-20) activated monocytes also
via FPRL2. It is, however, not possible to determine the
relative contribution by FPRL1 and FPRL2 for the sig-
nals transduced until receptor-specific agonists/
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Figure 7
Hp(2-20) triggers functional inhibition of T cells. T cell–enriched lym-
phocytes were treated with culture medium (control) or admixed
with 25% or 50% monocytes and Hp(2-20) (50 µM), as indicated.
All cells were also treated with IL-2 (100 U/ml) during overnight incu-
bation, followed by analysis of the activation marker CD69 in gated
viable (nonapoptotic) CD3ε+ lymphocytes by use of flow cytometry. 
Hp(2-20) did not alter the IL-2–induced acquisition of CD69 in T
cells when incubated with lymphocytes without monocytes (not
shown). Less than 3% of CD3ε+ T cells expressed CD69 before the
addition of IL-2 or after incubation in culture medium overnight (not
shown). Similar results were obtained in three separate experiments.
MO, monocytes.

Figure 8
Hp(2-20)–induced oxygen radical production and its inhibition by his-
tamine. Superoxide anion production in elutriated monocytes was
investigated by isoluminol-amplified CL (a). Cells were treated with
histamine (50 µM) or the histamine H2-receptor antagonist ranitidine
(50 µM). Data show mean values ± SEM of four separate experi-
ments. (b) Data are NK cell cytotoxicity against K562 target cells. The
cells were prepared as described in the legend to Figure 5 and treated
with Hp(2-20) (50 µM; filled circles), Hp(2-20) + histamine (50 µM;
filled boxes), or Hp(2-20) + histamine + ranitidine (50 µM; filled
boxes). Results are expressed as percentage of control, where 100% is
the cell lysis percentage of control lymphocytes without monocytes
added, and are the mean ± SEM of four separate experiments.



inhibitors become available. The finding that the syn-
thetic peptide WKYMVm desensitized monocytes to a
subsequent activation with Hp(2-20) strongly suggests
that these agonists operate through the same receptor,
but WKYMVm, in addition to being a high-affinity lig-
and for FPRL1, is an agonist also for FPRL2 (20). The
results in this article identify Hp(2-20) as a new FPRL2
ligand, and the availability of novel agonists recognized
by FPRL2 will undoubtedly be of help in screening for
other agonists and determine whether FPRL2 shows
the same type of promiscuity as that described for
FPRL1, as well as in identifying endogenous natural lig-
ands for this receptor.

In a second part of this study, we report that mono-
cytes activated by Hp(2-20) induce inhibition of NK cell
and T cell function. Thus, the addition of Hp(2-20) to
lymphocytes and monocytes in a mixture aimed at
mimicking the mononuclear cell infiltrate of H.
pylori–infected gastric tissue (3, 4) triggered inhibition
of NK cell–mediated antitumor cytotoxicity, inhibition
of T cell inducibility by IL-2, downregulation of the
CD3ζ transduction molecule expression by NK cells,
and subsequent NK cell and T cell death by apoptosis.
These inhibitory events were prevented by scavengers of
NADPH-oxidase–derived oxygen radicals and were thus
by all probability explained by the FPRL1/FPRL2–medi-
ated oxygen radical induction by Hp(2-20).

An hypothesis emerging from these data is that the
Hp(2-20) peptide may contribute to the recruitment
and activation of monocyte/macrophages to the
inflammatory tissue of H. pylori–infected gastric tissue.
In this regard, Hp(2-20) was found to possess proper-
ties similar to those earlier described for other H.
pylori–derived peptides such as a 61-kDa N-terminal
portion of the bacterial urease (7) and Hp-NAP (8). Our
data may also have implications for the carcinogenesis
in chronically infected gastritis tissue. Two properties
of Hp(2-20) may be relevant for carcinogenesis: (a) trig-
gering of the production of monocyte-derived oxygen
radicals, which are mutagenic and potentially carcino-
genic (17), and (b) a secondary suppression of lympho-
cytes relevant to the elimination of malignant cells.

It has been suggested that monocyte/macrophages
may be responsible for the dysfunction of lymphocytes,
including NK cells and T cells, which is frequently
observed at the site of neoplastic tumor growth (24,
37). Much attention has been focused on the defective
expression of CD3ζ, a transduction molecule expressed
by NK cells and T cells, in lymphocytes from cancer
patients, including those with gastric adenocarcinoma
(22, 23). The disappearance of CD3ζ has been attrib-
uted to oxygen radical production by
monocyte/macrophages (21, 38). Our finding that
Hp(2-20), by triggering oxygen radical formation in
monocytes, induced the disappearance of CD3ζ from
lymphocytes suggests that this peptide may contribute
to lymphocyte dysfunction in gastric adenocarcinoma.
It is noteworthy that changes typical for lymphocytes
recovered from patients with invasive gastric carcino-

mas, such as CD3ζ downmodulation and apoptosis
(23, 39), were induced by the Hp(2-20) peptide in vitro.
However, it should be emphasized that further studies
are needed to clarify the putative role of Hp(2-20) in
gastric carcinogenesis.

Finally, a gastric mucosal constituent, histamine,
was found to reduce or inhibit the Hp(2-20)–induced
formation of oxygen radicals and thereby protect T
cells and NK cells from functional inhibition and
apoptotic cell death. This effect of histamine was clear-
ly mediated by histamine H2 receptors expressed by
monocytes, and concentrations of histamine similar
to those detected in human gastric mucosal tissue (25,
26) were sufficient to mediate the protective effects. A
tentative hypothesis emerging from these data is that
the monocyte recruitment and activation induced by
Hp(2-20), and presumably also by other H.
pylori–derived proinflammatory peptides, may be bal-
anced by the availability of histamine at monocyte his-
tamine H2 receptors. Given that monocyte activation
is a prominent feature of H. pylori–induced gastritis,
this hypothesis is supported by the findings that ran-
itidine treatment, in addition to relieving acid-related
symptoms, reportedly also markedly aggravates antral
and corporal gastric inflammation (40). Further stud-
ies including, for example, the function and viability
of gastric mucosal NK cells and T cells in H.
pylori–infected subjects are required to determine the
in vivo relevance of these novel mechanisms.
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