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Despite the induction of an immunological reaction, Helicobacter pylori-associated gastritis is a chronic
disease, suggesting that this microbe can evade the host immune defense. Previous studies by our group showed
that H. pylori suppresses the in vitro proliferative response of human mononuclear cells to mitogens and
antigens. Here we demonstrate that the antiproliferative activity of H. pylori also affects the proliferation of
various mammalian cell lines (U937, Jurkat, AGS, Kato-3, HEP-2, and P388D1). This effect is detectable in the
first 16 h of incubation and maximal between 24 and 48 h. In addition, the presence of H. pylori significantly
diminished the protein synthesis of cells in the first 6 h of incubation, comparable to the results with
cycloheximide and diphtheria toxin. The urease enzyme, the cagA gene product, and the vacuolizing cytotoxin
of H. pylori were excluded as causative agents of the antiproliferative effect by using isogenic knockout mutant
strains. The inhibitory effect was not due to a lytic activity of this bacterium. The results reported here indicate
that the responsible factor is a protein with an apparent native molecular mass of 100 6 10 kDa. Our work
implicates the presence of a protein factor in H. pylori (termed PIP [for proliferation-inhibiting protein]) with
antiproliferative activity for mammalian cells, including immunocompetent and epithelial cells. Thus, it is
reasonable to presume that this property may contribute to the pathogenesis of H. pylori-induced diseases. It
may be involved on the one hand in immune response evasion and on the other hand in the suppression of
epithelial repair mechanisms.

The discovery of the gastropathogenic gram-negative bacte-
rium Helicobacter pylori has revolutionized our current under-
standing of a number of gastroduodenal diseases in humans.
Today there is agreement that chronic type B gastritis, a his-
tologically defined inflammation of the gastric mucosa, as well
as gastric and duodenal ulcerations, is due directly or indirectly
to an H. pylori infection of the stomach (2, 5, 24, 40). Further-
more, there is increasing evidence thatH. pylori is also involved
in the generation of gastric MALT lymphoma and gastric ad-
enocarcinoma (15, 20, 32, 42).
Infection with H. pylori occurs early in life, possibly through

fecal-oral or oral-oral transmission, and persists for life (4).
This bacterium does not invade the mucosal epithelium but
colonizes the overlaying mucus layer. Thus, the local inflam-
mation induced by infection seems to be due to a transport of
bacterial products, especially proinflammatory factors, into the
mucosal tissue (3). The inflammation consists of a remarkable
local cellular infiltration with polymorphonuclear leukocytes,
macrophages, and lymphocytes (13, 21, 39, 43). During infec-
tion, the level of specific local as well as systemic antibodies
against H. pylori is also increased (35, 40, 43, 44). Nevertheless,
the infection is not eliminated and this bacterium can persist in
the mucosa, implying chronic active gastritis, a condition that
usually persists for life (40, 41). Therefore, investigations of the
mechanisms of bacterial resistance to the immune response are
important for understanding the pathogenesis of H. pylori-
induced diseases. The inability of the immune response to
eradicate this bacterium may be due in part to immune re-
sponse-evasive mechanisms which enable the development of a
stable host-parasite relationship. Previous studies by our group

(22, 23) and others (1, 7) have revealed that H. pylori sup-
presses the in vitro proliferative response of human peripheral
blood mononuclear cells to mitogens and antigens. Thus, it is
reasonable to presume that this capability to inhibit the cellular
immune response is also involved in limiting the effectiveness
of the immunological host response in vivo. To further inves-
tigate the effects of H. pylori on cell proliferation, we used
different mammalian cell lines as targets. We found that the
proliferation of leukocytic cells as well as epithelial cells was
inhibited, causing us to suspect that in addition to the suppres-
sion of the host cellular immune response, H. pylori can alter
the repair activity of gastric mucosal epithelial cells in vivo,
thus promoting the generation of lesions. Furthermore, we
report here a partial functional and physicochemical charac-
terization of the responsible protein factor.

MATERIALS AND METHODS

Bacteria. Seven of the 16 H. pylori strains used were clinical isolates from the
area of Bochum, Federal Republic of Germany (FRG). The cytotoxin-producing
reference strain 60190 and the cytotoxin-negative reference strain Tx30a were
kindly provided by N. Lehn (Munich, FRG). Strain N6 and the isogenic urease-
negative mutant strain N6 ureB (16) were kindly provided by Agnès Labigne
(Institut Pasteur, Paris, France). Strain P 12 and the isogenic vacA (P 14) and
cagA (P 17) knockout mutants (36) were kindly provided by Rainer Haas (Max
Planck Institut, Tübingen, FRG). NCTC 11637 and NCTC 11639 were obtained
from the Public Health Laboratory Service (London, United Kingdom). Except
for N6 and N6 ureB, bacteria were usually grown in brain heart infusion broth
with 10% horse serum under conditions previously described (17). N6 and N6
ureB were grown on blood agar base 2 plates, supplemented with 10% horse
blood and the following antibiotics: vancomycin (10 mg/liter), polymyxin B (2,500
U/liter), trimethoprim (5 mg/liter), amphotericin B (4 mg/liter), and for N6 ureB
kanamycin (20 mg/liter).
Preparation of SE. After bacteria were harvested by centrifugation (10,000 3

g, 20 min), soluble extract (SE) was prepared in phosphate-buffered saline (PBS;
pH 7.4) by sonication with a Branson sonifier (model W 185) at 20-s intervals
(35% pulses) for 5 min as previously described (22). Unbroken cells and the
membrane fraction were sedimented at 48,000 3 g for 90 min at 48C. The
obtained supernatant was designated the SE. SE was used in all experiments on
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the basis of its protein content, determined by the bicinchoninic acid method (37)
with bovine serum albumin as a standard.
Cell lines. Cell cultures of the following types were kindly provided by the

following persons: U937 (human monocyte-like lymphoma cells), Carsten
Mahnke (Department of Cell Biology, University of Münster, Münster, FRG);
P388D1 (mouse lymphoid macrophages), Frank Falkenberg (Department of
Medical Microbiology and Immunology, University of Bochum, Bochum, FRG);
and HEp-2 (human larynx carcinoma cells), Hermann Werchau (Department of
Medical Microbiology and Virology, University of Bochum). Jurkat (human
lymphoblastic T cells), AGS (human gastric adenocarcinoma cells), and Kato-3
(human gastric carcinoma cells) cells were purchased from the European Col-
lection of Animal Cell Cultures (Salisbury, United Kingdom). Cell lines were
cultured in 250-ml plastic T flasks at 378C and 5% CO2 in appropriate culture
media, as recommended by the European Collection of Animal Cell Cultures.
All media were supplemented with 2 mM L-alanyl-L-glutamine (Gibco BRL,
Eggenstein, FRG), penicillin-streptomycin, and 10% heat-inactivated fetal calf
serum (Gibco BRL). Cells were subcultured twice weekly. Prior to cells being
tested, cell viability was checked by trypan blue dye exclusion.
Determination of the antiproliferative activity. Unless stated otherwise, cells

were plated in triplicate at 2 3 104 cells per well in 96-well flat-bottom micro-
culture plates in 200 ml of supplemented culture medium in the presence or
absence of serially diluted SE for 48 h. To assess DNA synthesis, cells were
labeled for an additional 16 h with 0.5 mCi of [3H]thymidine (NEN DuPont, Bad
Homburg, FRG). Incorporation was measured in an LKB liquid scintillation
counter after the harvest of cells on glass fiber filters. The antiproliferative
activity was usually expressed as the 50% inhibitory concentration (IC50), that is,
the concentration necessary to achieve 50% inhibition of cell proliferation rel-
ative to controls cultured in medium alone.
Protein synthesis assay. To determine protein synthesis activity, 105 U937 cells

were incubated in the presence and absence of serially diluted SE in 200 ml of
leucine-free RPMI culture medium (Gibco BRL) supplemented with 1 mCi of
[3H]leucine (NEN DuPont). After 6 h, the incorporated radioactivity was mon-
itored by a protocol described by Chang et al. (6) and based on trichloroacetic
acid precipitation and standard liquid scintillation spectrometry.
Viability testing. Cells (105/ml) were incubated in 50-ml plastic T flasks for

48 h in the presence and absence of SE. After being harvested, cells were
checked for cytotoxic effects with thiazolyl blue (MTT; Sigma, Deisenhofen,
FRG) as described by Mosmann (30) with slight modifications. Briefly, 105 cells
were incubated in the presence of MTT (0.25 mg/ml) for 4 h and lysed by the
addition of 10% sodium dodecyl sulfate (SDS) in 0.01 M HCl overnight before
the optical density at 550 nm (OD550) (reference, 690 nm) was measured with a
microplate reader.
Protease treatment. For digestion of protein, SE was treated with proteases at

378C for 4 h in 0.1 M Tris-HCl buffer (pH 8.5) by using trypsin (Boehringer
Mannheim) with 1/20 of the protein content by weight or pronase (Boehringer
Mannheim) at a concentration of 0.12 mg/ml.
Isoelectric focusing. SE was prepared in bidistilled water, heat treated (568C,

30 min), and centrifuged. Fifty milliliters of this extract containing 2 to 3 mg of
protein per ml and 2% ampholytes with a pH range of 3 to 10 (Bio-Rad, Munich,
FRG) was applied to a Bio-Rad Rotofor apparatus and run for 6 h under the
conditions recommended by the manufacturer. At the end of the run, fractions
were harvested and the pH of each fraction was measured with a pH meter.
Afterwards, fractions were neutralized by the addition of 103 PBS (Gibco),
concentrated, and sterile filtered before they were used in a proliferation assay
with U937 cells as targets. The pI of the proliferation-inhibiting activity was
calculated from the pH curve.
Size exclusion chromatography. SE was prepared in buffer containing 50 mM

sodium phosphate and 400 mM NaCl (pH 7.4), heat treated at 568C for 30 min,
and centrifuged (48,0003 g, 20 min). The supernatant was concentrated up to 16
mg/ml by using a 10-kDa ultrafiltration membrane (Amicon Inc., Beverly, Mass.).

Five hundred microliters of this concentrate was resolved on a Pharmacia (Upp-
sala, Sweden) Superdex-200 10/30 column by using the Pharmacia-LKB fast
protein liquid chromatography system at a flow rate of 0.25 ml/min with the
buffer described above. The column eluate was monitored for UV A280. Fractions
(1 ml) were concentrated with Microseps-10K microconcentrator devices (Fil-
tron, Northborough, Mass.), sterile filtered, and monitored for antiproliferative
and urease activities. The molecular mass of the native antiproliferative factor
was calculated from molecular weight standards (Pharmacia), including blue
dextran, to determine the void volume. The standard proteins were thyroglobulin
(669 kDa), ferritin (440 kDa), catalase (232 kDa), aldolase (158 kDa), ovalbumin
(43 kDa), chymotrypsinogen (25 kDa), and RNase (13.7 kDa).
Urease assay. Urease activity was quantitated spectrophotometrically by the

method of Mobley et al. (29) with slight modifications. Briefly, samples (10 to 50
ml) were added to cuvettes (1-cm path length) containing 3 mM sodium phos-
phate buffer with 10 mM urea and 7 mg of phenol red per ml in a total volume
of 2 ml. OD556 was monitored over time, and DE was calculated from the linear
portion of the curve (0.15 to 0.5 OD units).
Assay for vacuolating cytotoxic activity. Vacuolating cytotoxic activities were

determined in 30-fold-concentrated bacterium-free culture supernatants with
HEp-2 cells as the indicator system (22). Serially diluted samples (1:4 to 1:128)
were incubated with HEp-2 cells for 24 h in 96-well flat-bottom microculture
plates. Cell vacuolation was quantitated spectrophotometrically by a neutral red
uptake assay described previously (12). Strains were defined as cytotoxin positive
if the net OD550 was higher than 0.1. Additionally, the results were verified by
visual inspection of cells by light microscopy (11).
SDS-PAGE. SDS-polyacrylamide gel electrophoresis (PAGE) was performed

as described by Lugtenberg et al. (26). Proteins were resolved in the gel by using
Coomassie brilliant blue R-250. The molecular weight standards (Pharmacia)
included phosphorylase b (94,000), albumin (67,000), ovalbumin (43,000), car-
bonic anhydrase (30,000), trypsin inhibitor (20,100), and a-lactalbumin (14,400).

RESULTS

Susceptibilities of various mammalian cell lines to the PIP
activity of H. pylori. The susceptibilities of various cell types to
the proliferation-inhibiting protein (PIP) activity of H. pylori
are given in Table 1. The proliferation of all cell lines tested
was inhibited by the addition of SE in a dose-dependent man-
ner. For the purpose of comparing the effects of SE on differ-
ent cell types, the IC50 of SE was calculated. The degree of
inhibition ranged from an IC50 of 3.4 mg/ml for AGS cells to
130 mg/ml for Kato-3 cells, indicating the different susceptibil-
ities of cells to PIP. Nevertheless, proliferation inhibition was
not correlated to the type (leukocytic or epithelial) nor to the
species origin (human or mouse) of the cells.
Screening of various H. pylori strains for PIP activity. To

study whether there is strain variability with respect to PIP
activity, SEs of various H. pylori strains were added to U937
cells in serial dilution and the IC50s were calculated. The PIP
activities (IC50s) of 16 strains and their urease, cagA, and vacA
statuses are shown in Table 2. All strains inhibited the prolif-
eration of U937 cells to a similar degree, with the IC50 ranging
from 10.7 to 44.0 mg/ml. There was no relation between the
inhibitory activities of strains and their urease, cagA, or vacA

TABLE 1. Effects of an SE of H. pylori on the proliferation of different cell linesa

SE (mg/ml)
Proliferation (% of control)b

U937 Jurkat AGS Kato-3 HEp-2 P388D1

1.88 90.2 6 5.9 97.5 6 3.0 65.3 6 13.0 NDc 99.0 6 4.0 85.4 6 2.6
3.75 83.2 6 6.0 91.7 6 4.6 48.4 6 11.3 ND 102.2 6 2.3 83.0 6 9.8
7.5 71.1 6 4.9 85.3 6 5.2 31.2 6 6.4 ND 95.8 6 2.0 67.5 6 7.4
15 57.5 6 3.6 73.9 6 8.8 15.7 6 2.7 96.5 6 5.7 87.1 6 9.1 61.5 6 2.9
30 36.0 6 6.4 45.3 6 9.4 11.9 6 2.3 97.2 6 6.2 73.6 6 4.0 54.2 6 1.4
60 29.0 6 6.5 16.9 6 6.9 9.4 6 2.5 81.7 6 7.5 49.4 6 2.1 18.5 6 5.4
120 16.9 6 3.9 1.9 6 1.0 9.8 6 9.4 51.7 6 13 41.9 6 2.4 5.4 6 2.1
240 2.6 6 0.9 0.6 6 0.2 ND 20.5 6 5.3 15.5 6 4.2 1.1 6 0.4

a The IC50s of SE for U937, Jurkat, AGS, Kato-3, HEp-2, and P388D1 cells were 18.3 6 2.4, 28.6 6 5.9, 3.4 6 1.1, 130 6 25.4, 67.9 6 5.3, and 27.8 6 3.7 mg/ml,
respectively.
b Data are the means 6 standard errors of the means of four experiments (six experiments with U937 cells and five experiments with Kato-3 cells).
c ND, not determined.
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status. Furthermore, the inhibitory activity was independent on
whether the strain was grown on solid or liquid medium. PIP
activity was also detectable in the cell-free supernatant (30-fold
concentrated) of H. pylori log-phase cultures. For eight strains
tested, the titer inducing 50% inhibition of U937 proliferation
ranged from 10 to 278 (medium control, ,10), with a median
value of 26.2 (data not shown).
Functional characteristics of PIP. To exclude lethal effects

of SE as the cause of the observed proliferation inhibition, the
viability of U937 cells was checked after 48 h of incubation in
the presence of SE at various concentrations. The results in
Table 3 indicate that proliferation inhibition was not corre-
lated to lytic effects of SE, as determined by trypan blue ex-
clusion and mitochondrial dehydrogenase activities (MTT
turnover). Furthermore, proliferation inhibition was revers-
ible. This was shown by using U937 cells after 48 h of incuba-
tion in the presence of up to 120 mg of SE per ml. After
harvesting and washing cells, the ability of these cells to incor-
porate [3H]thymidine was determined. The [3H]thymidine up-
take of SE-incubated cells was comparable to that of control
cells (data not shown). In order to determine the time course
of proliferation inhibition, the influence of SE on DNA syn-

thesis was measured after different incubation periods. As
shown in Fig. 1, SE-mediated proliferation inhibition was ob-
vious in the first 16 h of incubation and maximal between 24 to
48 h, depending on the concentration used. In another exper-
iment (Fig. 2), the addition of SE to the culture diminished the
protein synthesis of U937 cells in the first 6 h of incubation, a
result analogous to those with known inhibitors of protein
synthesis such as diphtheria toxin and cycloheximide. The
mean concentration of SE necessary to achieve 50% inhibition
of protein synthesis was 43.4 mg/ml.
Physicochemical characteristics of PIP. The effects of pro-

tease, heat, and pH treatments on PIP activity are summarized
in Table 4. PIP activity was sensitive to trypsin as well as
pronase and was inactivated by incubation at 708C for 30 min,
while incubation at 568C for 30 min or at 378C for 72 h had no
or only weak effects. PIP activity was stable over a broad pH
range. After pretreatment at pH 2 and pH 12, PIP activity

FIG. 1. Kinetics of proliferation inhibition. A total of 5 3 104 (6 and 16 h) or
23 104 (40 and 64 h) U937 cells were incubated for the intervals indicated in the
presence or absence of serially diluted SE. [3H]thymidine was added at the start
of culture (6 and 16 h) or for the last 16 h of incubation (40 and 64 h). Data are
the means 6 standard errors of the means of four different experiments.

FIG. 2. Influence of the SE of H. pylori, diphtheria toxin (DT), and cyclo-
heximide (CH) on the protein synthesis of U937 cells in the first 6 h of incuba-
tion. Samples were serially diluted twofold. SE, diphtheria toxin, and cyclohex-
imide were used within different concentration ranges. The SE concentration
ranged from 3.75 to 480 mg/ml, the diphtheria toxin concentration ranged from
7.8 to 1,000 ng/ml, and the cycloheximide concentration ranged from 15.5 to
2,000 ng/ml. Data are the means6 standard errors of the means of four different
experiments.

TABLE 2. Comparison of the PIP IC50s of different
H. pylori strains

Strain
Statusa PIP IC50

(mg/ml)bUrease cagAc Cytotoxind

008 1 1 2 (22) 15.3 6 2.8
030 1 1 NDe 15.1 6 2.6
040 1 1 ND 25.9 6 2.6
072 1 1 ND 13.2 6 0.7
105 1 1 1 (22) 15.1 6 1.5
133 1 1 1 (22) 23.0 6 3.1
8981 1 1 2 (22, 36) 16.7 6 1.8
NCTC 11637 1 1 1 (36) 28.2 6 4.8
NCTC 11639 1 2 ND 27.8 6 3.8
60190 1 1 1 (22, 26) 14.2 6 1.2
Tx30a 1 2 2 (22, 26) 44.0 6 5.8
N6 1 1 1 (16) 13.8 6 3.1
N6 ureB 2 1 1 (16) 10.7 6 2.0
P 12 1 1 1 (36) 15.7 6 2.4
P 14 1 1 2 (36) 9.9 6 0.5
P 17 1 2 1 (36) 11.3 6 1.3

a 1, present; 2, absent.
b PIP activities were detected with U937 cells as targets. Data are the means6

standard errors of the means of four different experiments.
c The presence of cagA was determined by PCR using primers based on the

published DNA sequence (9).
d References are noted parenthetically. The cytotoxin is VacA.
e ND, not determined.

TABLE 3. Influence of an H. pylori SE on the viability of U937
cells after 48 h of incubationa

SE (mg/ml) Dead cells (%)b MTT turnover
(OD550)

Proliferation
(cpm)c

0 (control) 0 1.668 157,350
15 6 1.562 (94) 56,646 (36)
60 13 1.347 (81) 23,602 (15)
240 27 1.124 (67) 14,161 (9)

a Data are representative of three different experiments. Parenthetical data
are percentages of control values.
b Determined by trypan blue exclusion.
c Proliferation was measured in a parallel assay by [3H]thymidine incorpora-

tion as described in Materials and Methods.
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decreased but was still detectable. Furthermore, PIP activity
was precipitable with .50% ammonium sulfate (data not
shown). By using the crude SE and ampholytes with a pH
range from 3 to 10 in a Bio-Rad Rotofor system, two peak
activities with isoelectric points of 5.35 6 0.1 and 6.03 6 0.1
were found. The molecular mass of PIP was estimated by
fractionation of the SE with a calibrated Superdex-200 column.
The elution profile and a plot of the peak activity are shown in
Fig. 3A. SDS-PAGE analysis of the fractions containing PIP
activities revealed rather heterogenic protein profiles (Fig.
3B), foiling the identification of a corresponding protein band.
The PIP activity-containing fractions had neither urease activ-
ity nor vacuolizing effects on HEp-2 cells. The molecular mass
of partially purified PIP was calculated to be approximately
100 6 10 kDa.

DISCUSSION

A major characteristic of H. pylori-associated gastritis is the
long-term persistence of this microbe in the gastric mucosa (4,

40) despite specific local and systemic immune responses (35,
40, 43, 44). As the immunological host defense is unable to
clear the infection, bacterial immune response-evasive mech-
anisms have to be discussed as the responsible cause for the
chronicity of infection. The ability of H. pylori to suppress the
in vitro proliferative response of human mononuclear cells to
mitogens and antigens, clearly demonstrated by us (22, 23) and
others (1, 7), represents one way that H. pylori may alter the
host immune reaction.
One purpose of this study was to demonstrate that the an-

tiproliferative activity of H. pylori is not restricted to mononu-
clear cells but also exerts its effects on other cell types. This was
investigated by the use of six different cell lines. The results
show that all cell lines tested were susceptible to PIP activity in
general but with different susceptibilities, as indicated by dif-
ferent IC50s. The murine monocytic line P388D1 was also
inhibited, excluding the restriction of PIP activity to human
cells. While the inhibition of cell lines of leukocytic origin
confirms previous results obtained with activated human
mononuclear cells (22, 23), the proliferation inhibition of ep-
ithelial cell lines indicates a possible relationship between PIP
activity and the epithelial damage observed in H. pylori-asso-
ciated diseases. Concordantly, Hirose and coworkers reported
recently that a water-soluble extract of H. pylori inhibited cell
proliferation and retarded the restoration of isolated rabbit
gastric epithelial cells in vitro (18). Furthermore, Nakajima et
al. also observed proliferation inhibition of the gastric epithe-
lial cell line Kato-3 in the presence of whole H. pylori cells (31).
Thus, in addition to participation in immune response evasion,
PIP may disturb the normal restoration process of the gastric
epithelium. Reports concerning cell proliferation in gastric
mucosa colonized by H. pylori are quite inconsistent at present.
Increased (27) as well as normal (8) mucosal cell proliferation
was observed in biopsy specimens in cases of H. pylori infec-
tion. Even if the proliferation index is increased because of H.
pylori infection, this does not contradict our in vitro observa-
tions per se. Increased cell proliferation could be regarded as
a protective reaction of the epithelium toward the cytopathic
effects induced by H. pylori infection. This restoration process
may be retarded in the presence of PIP. Thus, the proliferation
index would be increased compared with that of normal mu-
cosa, but it would not be sufficient to protect the epithelium

FIG. 3. (A) Size exclusion chromatography of H. pylori cytoplasmic proteins on a Superdex-200 10/30 column. For details, see Materials and Methods. (B)
SDS-PAGE (12% polyacrylamide) analysis of fractions after size exclusion chromatography. Lanes: a, SE; b, SE after heat treatment (568C, 30 min), as used for
chromatography; c through e, fractions containing PIP activities (see the activity peak in panel A). The migrations of marker proteins of known molecular masses (in
kilodaltons) are shown on the left.

TABLE 4. Effects of protease, heat, and pH on the proliferation-
inhibiting activity of SE

Treatment PIP IC50a

Protease:
None 21.4 6 5.7
Trypsin .480
Pronase .480

Heat:
Unheated 16.6 6 6.9
568C for 30 min 20.66 7.5
708C for 30 min .480
378C for 72 h 56.06 12

pH:
2 67.5 6 7.6
4 7.7 6 1.6
6 9.1 6 2.5
8 7.9 6 1.9
10 10.5 6 2.3
12 70.6 6 13.5

a Data are the means 6 standard errors of the means of three experiments.
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from cytopathic events. Nevertheless, the influence of H. pylori
on gastric mucosal cell proliferation in vivo mainly remains
unclear, making further investigation necessary.
The capability to inhibit the proliferation of mammalian

cells can be regarded as a constitutional characteristic of H.
pylori because all strains tested showed this activity with com-
parable IC50s. There was no relation between the inhibitory
activity and the urease, cagA, or vacA status of any strain,
which was especially obvious when using isogenic knockout
mutant strains. PIP also differs from the vacuolizing cytotoxin
(VacA) and urease in molecular weight. These proteins are
reported to have native molecular masses of$972 (10) and 550
(19) kDa, respectively, in contrast to the native molecular mass
of 100 6 10 kDa for the proliferation-inhibiting activity. Fur-
thermore, partially purified PIP had neither urease activity nor
vacuolizing effects on HEp-2 cells. Although the cytopathic
effects of H. pylori have been associated with the expression of
vacuolizing cytotoxin (10, 25) and urease (12, 28, 38), our
results exclude these virulence factors as responsible agents for
the observed antiproliferative effects of H. pylori. In log-phase
cultures of H. pylori, PIP activity was detectable only in rather
small amounts compared with that of the SE. Thus, PIP seems
to be predominately located within the cytoplasm. Neverthe-
less, PIP may be released into the environment under certain
circumstances, for example, because of autolysis, as recently
suggested by Phadnis and colleagues (34) for surface associa-
tion of urease and HspB of H. pylori. Although the mode of
action of PIP is not yet clear in detail, we have shown that this
proliferation inhibition is not due to lytic effects. Furthermore,
the effects of PIP were reversible and DNA fragmentation, one
hallmark of apoptosis (14), was not observed (data not shown).
The proliferation inhibition induced by H. pylori is a dose- and
time-dependent phenomenon. In addition to an early influence
on cell proliferation, protein synthesis was inhibited in the
presence of PIP in the first 6 h of culture. Whether the protein
synthesis apparatus of mammalian cells is the primary target
for PIP as it is for diphtheria toxin (33) cannot be concluded
from the present data. In contrast to diphtheria toxin, the
inhibition of DNA and protein synthesis induced by H. pylori is
not followed by cell lysis; thus, the effects promoted by PIP
rather resemble those of cycloheximide (6). Cell growth, as
well as the progress of the cell cycle, is regulated by feedback
controls that can arrest the cell cycle at various checkpoints. A
hypothetical explanation for the nonlethal and reversible anti-
proliferative effects of H. pylori is the induction of such a cell
cycle arrest. For example, with Jurkat cells it was demonstrated
that an anti-CD3 antibody-driven activation resulted in a tran-
sient, reversible inhibition of DNA synthesis, with an arrest at
the G1/S interface without inducing cell death (45). This hy-
pothesis is currently under investigation.
We conclude that H. pylori produces a soluble protein (PIP)

with a native molecular mass of approximately 100 kDa and
two isoelectric points (5.35 and 6.03) that causes the inhibition
of mammalian cell proliferation. The present results let us
assume that PIP contributes to the survival of this bacterium in
the gastric mucosa via immunosuppression. In addition, PIP
may alter the repair activity of the gastric mucosal epithelium.
Together with direct bacterial cytotoxicity and inflammatory
cell aggression, this may predispose the patient to peptic ulcer
disease. Nevertheless, at present the significance of PIP for the
pathogenesis of H. pylori-induced diseases has to remain the-
oretical. To understand the role of PIP in vivo, further purifi-
cation of PIP, cloning of the coding gene, construction of
isogenic PIP-negative mutants, and use in an animal model are
required.
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