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Infection with cagA-positive Helicobacter pylori is the strong-
est risk factor for the development of gastric carcinoma. The
cagA gene product CagA, which is delivered into gastric epithe-
lial cells, specifically binds to and aberrantly activates SHP-2
oncoprotein. CagA also interacts with and inhibits partitioning-
defective 1 (PAR1)/MARK kinase, which phosphorylates mi-
crotubule-associated proteins to destabilize microtubules and
thereby causes epithelial polarity defects. In light of the notion
that microtubules are not only required for polarity regulation
but also essential for the formation of mitotic spindles, we
hypothesized that CagA-mediated PARI1 inhibition also influ-
ences mitosis. Here, we investigated the effect of CagA on the
progression of mitosis. In the presence of CagA, cells displayed a
delay in the transition from prophase to metaphase. Further-
more, a fraction of the CagA-expressing cells showed spindle
misorientation at the onset of anaphase, followed by chromo-
somal segregation with abnormal division axis. The effect of
CagA on mitosis was abolished by elevated PAR1 expression.
Conversely, inhibition of PAR1 kinase elicited mitotic delay
similar to that induced by CagA. Thus, CagA-mediated inhibi-
tion of PAR1, which perturbs microtubule stability and thereby
causes microtubule-based spindle dysfunction, is involved in
the prophase/metaphase delay and subsequent spindle misori-
entation. Consequently, chronic exposure of cells to CagA
induces chromosomal instability. Our findings reveal a bifunc-
tional role of CagA as an oncoprotein: CagA elicits uncontrolled
cell proliferation by aberrantly activating SHP-2 and at the same
time induces chromosomal instability by perturbing the micro-
tubule-based mitotic spindle. The dual function of CagA may
cooperatively contribute to the progression of multistep gastric
carcinogenesis.

Helicobacter pylori is a spiral-shaped bacterium first
described in 1984 by Marshall and Warren (1). H. pylori inhab-
its at least half of the world’s human population. Clinically iso-
lated H. pylori strains can be divided into two major subtypes
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based on their ability to produce a 120- to 145-kDa protein
called cytotoxin-associated gene A antigen (CagA)® (2-5).
More than 90-95% of H. pylori strains isolated in East Asian
countries such as Japan, Korea, and China are cagA-positive,
whereas 40-50% of those isolated in Western countries are
cagA-negative. Infection with a cagA-positive H. pylori strain is
associated with severe atrophic gastritis, peptic ulcerations, and
gastric adenocarcinoma (6—12).

H. pylori cagA-positive strains deliver the CagA protein into
host cells via the cag pathogenicity island-encoded type IV
secretion system (4, 5, 13, 14). Translocated CagA then localizes
to the inner surface of the plasma membrane, where it under-
goes tyrosine phosphorylation by Src family kinases or Abl
kinase at the Glu-Pro-Ile-Tyr-Ala (EPIYA) motifs present in the
C-terminal region of CagA (15-17). Tyrosine-phosphorylated
CagA then binds specifically to SHP-2 tyrosine phosphatase
and deregulates its phosphatase activity (18 —21). Recent stud-
ies have revealed that gain-of-function mutations of SHP-2 are
associated with a variety of human malignancies, indicating
that SHP-2 is a bona fide human oncoprotein. Furthermore,
transgenic expression of CagA in mice induces gastrointestinal
and hematological malignancies in a manner that is dependent
on CagA tyrosine phosphorylation (22). These findings suggest
a critical role of CagA-SHP-2 interaction in the oncogenic
potential of CagA.

A polarized epithelial monolayer is characterized by the pres-
ence of well developed cell-cell interaction apparatuses such as
tight junctions and adherens junctions. The tight junctions act
as a paracellular barrier in polarized epithelial cells and play an
essential role in the establishment and maintenance of epithe-
lial cell polarity by delimiting the apical and basolateral mem-
brane domains. CagA disrupts the tight junctions and causes
loss of epithelial apical-basal polarity (23, 24). The disruption of
tight junctions by CagA is mediated by the specific interaction
of CagA with partitioning-defective 1 (PAR1) (25, 26). PAR1 is
a serine/threonine kinase originally isolated in Caenorhabditis
elegans and highly conserved from yeast to humans (27, 28). In
mammals, there are four PAR1 isoforms, which may have

2 The abbreviations used are: CagA, cytotoxin-associated gene A; cag, cyto-
toxin-associated gene; Dox, doxycycline; GFP, green fluorescent protein;
H3-pSer10, phosphorylated serine-10 of histone H3; H2B-GFP, a fusion pro-
tein of human histone H2B and GFP; MAP, microtubule-associated protein;
MARK, microtubule affinity-regulating kinase; PAR1, partitioning-defec-
tive 1; SHP-2, Src homology 2 domain-containing protein tyrosine phio-
sphatase-2; WT, wild type; PKC, protein kinase C.
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redundant roles in polarity regulation. PAR1 acts as a master
regulator for the regulation of cell polarity in various cell sys-
tems. During epithelial polarization, PAR1 specifically localizes
to the basolateral membrane, whereas atypical PKC complexed
with PAR3 and PAR6 (aPKC complex) specifically localizes to
the apical membrane as well as the tight junctions (29-31).
This asymmetric distribution of the two kinases, PAR1 and
aPKC complex, ensures formation and maintenance of epithe-
lial apical-basal polarity. Notably, mammalian PAR1 kinases
were originally identified as microtubule affinity-regulating
kinases (MARKSs), which phosphorylate microtubule-associ-
ated proteins (MAPs) such as Tau, MAP2, and MAP4 on their
tubulin-binding repeats. The PAR1/MARK-dependent phos-
phorylation causes MAPs to detach from and thereby destabi-
lize microtubules (32, 33). Importantly, microtubules form a
mitotic spindle, which plays an indispensable role in chromo-
somal alignment and separation during mitosis, raising the pos-
sibility that PAR1 regulates mitosis through controlling stabil-
ity of the mitotic spindle. Indeed, during mitosis, MAPs
undergo a severalfold higher level of phosphorylation (34, 35),
and microtubule dynamics increase ~20-fold (36). This in turn
raises the intriguing possibility that CagA influences chromo-
somal stability by subverting MAP phosphorylation through
systemic inhibition of PARI.

In this study, the effects of CagA on microtubule-dependent
cellular events, especially dynamics of the mitotic spindle and
chromosomal segregation during mitosis, were examined. The
results of this work provide evidence that CagA perturbs
mitotic spindle checkpoint and thereby causes chromosomal
instability. Given the role of chromosomal instability in cell
transformation, the newly identified CagA activity may play a
crucial role in the development of gastric carcinoma.

EXPERIMENTAL PROCEDURES

Antibodies—Anti-hemagglutinin (HA, 3F10, Roche Applied
Science), anti-phospho histone H3 (Ser-10, Sigma), anti-omni
(M-21, Santa Cruz Biotechnology, Santa Cruz, CA), anti-Actin
(C-11, Santa Cruz Biotechnology), anti-PAR1b (25) antibodies
were used as primary antibodies for immunoblotting and
immunostaining.

Cell Lines and Transfection—MIKN28 human gastric epithe-
lial cells were cultured in RPMI 1640 medium supplemented
with 10% fetal bovine serum. WT-A10 cell line was an MKN28-
derived stable transfectant clone, in which CagA was inducibly
expressed by using the tetracycline-regulatable tet-off system
(37). For establishment of stable cell lines that constitutively
express a fusion protein of green fluorescence protein (GFP)
and human histone H2B, WT-A10 cells were transfected with
H2B-GFP expression vector and cultured with 5 ug/ml blasti-
cidin (Funakoshi) (38) for drug selection. Drug-resistant colo-
nies were examined under fluorescence microscopy, and GFP-
positive cells were isolated and then single cell cloned by
limiting dilution method.

Expression Vectors—The H2B-GFP expression vector was
kindly provided by T. Kanda (Aichi Cancer Center, Japan). A
recombinant adenovirus that expresses wild-type (WT)
PARI1b, dominant-negative PAR1b (PAR1b MC) (25) or
B-galactosidase was generated according to the instructions
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of manufacture (ViraPower Adenoviral Expression System,
Invitrogen).

Immunoblotting—Cells were lysed in lysis buffer (50 mm
Tris-HCI (pH 7.5), 100 mMm NaCl, 5 mm EDTA, 1% Brij-35,2 mm
Na,;VO,, 2 mM phenylmethylsulfonyl fluoride, 10 ug/ml leu-
peptin, 10 ug/ml trypsin inhibitor, 10 ug/ml aprotinin). Immu-
noblotting was performed as described previously (19).

Immunostaining—Cells were seeded on chamber slide in the
presence or absence of 0.2 ug/ml doxycycline (Dox). After 12-h
incubation, cells were fixed with 10% formaldehyde for 15 min
and permeabilized with 0.25% Triton X-100 for 10 min. The
cells were then treated overnight with primary antibody and
were visualized with Alexa Fluor-conjugated secondary anti-
bodies (Invitrogen). Images were captured by using a confocal
microscope system (Olympus).

Time-lapse Video Microscopy Recording—Cells were cul-
tured on collagen-coated 35-mm culture dishes in the presence
or absence of Dox. After 12-h incubation, culture medium was
replaced by phenol-red free RPMI 1640 medium (GIBCO) sup-
plemented with 50 mm HEPES (pH 7.3) and 10% fetal bovine
serum. Time-lapse fluorescence microscopy was performed on
the stage maintained at 37 °C and images were acquired every 3
min with a charge-coupled device camera (Princeton) con-
trolled by Molecular Devices MetaMorph imaging software
(Universal Imaging Corp.) using a 20X objective (Olympus).

Cell Cycle Analysis—Cells were collected by trypsinization,
washed with phosphate-buffered saline, and fixed in 70% cold
ethanol at —20 °C overnight. After centrifugation, cells were
washed with phosphate-buffered saline and treated for 20 min
at 37 °C with 0.5 mg/ml RNase A (Sigma). Cells were stained at
room temperature with 50 pg/ml propidium iodide and sub-
jected to flow cytometric analysis by using FACScan and Cell
Quest software (BD Biosciences).

RESULTS

Establishment of CagA-inducible Gastric Epithelial Cells
That Stably Express H2B-GFP—It was previously reported that
a fusion protein of GFP and human histone H2B (H2B-GFP) is
incorporated into nucleosome core particles without perturb-
ing cell cycle progression (39). Accordingly, we employed H2B-
GFP to visualize mitotic chromosomal segregation in living
cells by time-lapse analysis. To do so, an expression vector for
H2B-GFP was transfected into MKN28-derived WT-A10 cells,
in which CagA was inducibly expressed by depleting the tetra-
cycline-analog doxycycline (Dox) from the culture supernatant
(37). After drug selection and limiting dilution, several trans-
fectant clones with a high level of GFP expression and strict
regulation of CagA induction by Dox were chosen for further
analysis. One of the established clones, A10/H2B-GFP, was
arbitrarily chosen and subsequently used in this work (Fig. 1).

CagA Delays Prophase-metaphase Transition during Mitosis—
A10/H2B-GFP cells were cultured on collagen-coated dishes
with or without Dox, and the progression of mitosis in the pres-
ence or absence of CagA was monitored using a time-lapse
fluorescence microscope. In the absence of CagA, cells initiated
prophase and reached the anaphase without overt abnormality
(Fig. 2 and supplemental video 1). In the presence of CagA,
however, cells exhibited delayed chromosomal segregation.

JOURNAL OF BIOLOGICAL CHEMISTRY 22167


http://www.jbc.org/cgi/content/full/M109.035766/DC1

Perturbation of Mitosis by H. pylori CagA

To quantitatively evaluate the effect of CagA on the progres-
sion of mitosis from prophase to anaphase, the time required
from the onset of chromosome condensation to the onset of
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FIGURE 1. Establishment of CagA-inducible gastric epithelial cells that con-
stitutively express H2B-GFP. A, schematic representation of CagA and H2B-
GFP. B, fluorescence of H2B-GFP in the nucleus of A10/H2B-GFP cells. A10/H2B-
GFP cells were generated by stably transfecting an H2B-GFP-expression vector
into WT-A10 cells, MKN28-derived human gastric epithelial cells in which CagA is
inducibly expressed by depleting Doxycycline from the culture. Fluorescence
image (upper). Fluorescence image plus phase contrast image (lower). Scale bars,
20 pm. C, inducible expression of HA-tagged CagA in WT-A10 and A10/H2B-GFP
cells. Cells were cultured in the presence or absence of Dox and cell lysates were
subjected to immunoblotting with the indicated antibodies.
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experiments are included as supplemental videos 1 and 2.
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FIGURE 2. Effect of CagA on the progression of mitosis. A10/H2B-GFP cells were cultured in the presence (CagA
(—)) or absence (CagA (+)) of Dox. At 12 h after the onset of Dox treatment, cells were subjected to time-lapse
fluorescence microscopic analysis. Representative images for the progression of mitosis starting from the onset of
prophase (0 min) in A10/H2B-GFP cells with (lower) or without (upper) CagA expression. QuickTime videos of these

chromosomal separation was measured (Fig. 3). In the absence
of CagA, cells required ~30-40 min for the prophase-to-an-
aphase transition. In contrast, in the presence of CagA, cells
took ~60—80 min on average from prophase to the onset of
anaphase. In fact, some of the CagA-expressing cells required
>100 min for the transition. To quantitatively evaluate cells
entering prophase or metaphase, cells were stained with an
antibody specific to phosphorylated Serine 10 of histone H3
(H3-pSer10), which serves as a prophase/metaphase marker,
and the number of H3-pSer10-positive cells was counted. As
expected, the number of H3-pSer10-positive cells in the pres-
ence of CagA was two times larger than that in the absence of
CagA (Fig. 44). To exclude the possibility that the increase in
prophase/metaphase cells was due to accelerated cell cycle pro-
gression by CagA, cells with CagA induction and those without
CagA induction were treated with nocodazole to arrest them in
prophase/metaphase. Following nocodazole treatment, there
was no difference in the numbers of cells undergoing mitosis in
the presence and absence of CagA at each time point after CagA
induction (12, 15, and 18 h) (Fig. 4B), indicating that CagA does
not accelerate cell cycle progression. Furthermore, CagA
expression did not influence the number of cells in anaphase
(Fig. 4C). The results indicate that CagA specifically delays the
progression from prophase to anaphase during mitosis.

CagA Delays Progression of Mitosis through PAR1D Inhibition—
CagA binds PAR1 kinase and inhibits its activity, thereby per-
turbing microtubule stability (25). To investigate whether inhi-
bition of PAR1 by CagA is involved in the CagA-mediated delay
in prophase-metaphase transition, we produced a recombinant
adenovirus that expresses omni-tagged PAR1b, one of four
PARI1 isoforms in mammals (30). Infection with PAR1b-trans-
ducing adenovirus in WT-A10 abol-
ished the ability of CagA to induce
the prophase-metaphase delay (Fig.
5). On the other hand, infection
with adenovirus transducing a dom-
inant-negative PAR1b (PAR1b MC)
increased the number of cells in
prophase/metaphase cells in the
absence of CagA (Fig. 5). Induction
of CagA in cells expressing PAR1b

MC did not have an additional effect
prophase-metaphase delay
caused by PAR1b MC. These results
indicate that CagA delays progres-
sion from prophase to anaphase
through inhibition of PARI.
Spindle Misorientation Induced
by CagA during Mitosis—Through
the time-lapse analysis of mitotic
cells, we noticed that a fraction of
CagA-expressing cells exhibited
aberrant cell division, the direction
of which is not parallel to culture
dish (Fig. 2 and supplemental video
2). To investigate the mechanism,
we sought to examine chromosomal
positioning during mitosis in more

AV DN
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FIGURE 3. Prolonged mitotic chromosomal segregation in cells express-
ing CagA. The time length from the onset of chromatin condensation to the
initiation of chromosomal separation was measured in A10/H2B-GFP cells
with or without CagA expression. *, p < 0.05, statistically significant (Stu-
dent’s t test) (n = 11). Bars indicate mean.

detail. To this end, we determined the chromosomal orienta-
tion of A10/H2B-GFP cells during anaphase by using a confocal
fluorescence microscope. In the absence of CagA, most daugh-
ter chromosomes separated parallel to the culture dish. In con-
trast, in the presence of CagA, a significant fraction of cells
displayed mispositioning of daughter chromosomes (Fig. 6A).
The angles between the inclination of two daughter chromo-
somes and the culture dish surface (Fig. 6B, left, a) were then
measured in anaphase cells. In the presence of CagA, the per-
centage of cells with spindle misorientation, in which the angle
a inclines more than 10°, was significantly increased compared
with the percentage of CagA-nonexpressing cells (Fig. 6B).
These results indicate that CagA expression causes spindle
misorientation and thereby perturbs the cell division axis. As a
consequence, two daughter cells failed to attach to the culture
dish evenly (supplemental Fig. 1).

CagA Induces Chromosomal Instability—Perturbation of
mitotic progression by CagA suggests that chronic exposure of
cells to CagA causes chromosomal instability in cells. To test
this possibility, WT-A10 cells were cultured for 6 days with or
without intermittent induction of CagA by depleting Dox from
the culture on days 1, 3, and 5. Consistent with the above-de-
scribed data showing mitotic delay by CagA, flow cytometric
analysis of DNA contents revealed that CagA exposure
increases cells in mitosis (M-phase). The results also revealed
the appearance of cells with an 8N peak only in cells chronically
exposed to CagA (Fig. 7). In these CagA-expressing cells, the
percentage of cells with DNA content of more than 4N was
about three-times greater than that of control cells. On the
other hand, the number of cells in G; phase was significantly
reduced in the presence of CagA, most probably due to an
increase in the number of cells in G,/M as well as dramatic
accumulation of cells with >4N. Effect of CagA on S-phase was
marginal. These results indicate that chronic exposure to CagA
induces aneuploidy and polyploidy in cells. The results are also
in agreement with the results of a previous study showing that
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FIGURE 4. Delay in prophase and metaphase by CagA. A, WT-A10 cells were
cultured in the presence or absence of Dox. After 12 h, cells were stained with
an antibody against phosphorylated serine 10 on histone H3 (H3-pSer10) to
count H3-pSer10-positive cells. Error bars indicate the mean = S.D.*, p < 0.05,
statistically significant (Student’s t test) (n = 3). B, WT-A10 cells were induced
to express CagA by depleting Dox in the absence or presence of the mitotic
inhibitor, nocodazole. After 12, 15, and 18 h of CagA induction, cells were
stained with an antibody against H3-pSer10. DMSO was used as a control of
nocodazole treatment. Error bars indicate the mean = S.D. Three hundred
cells were subjected to the staining analysis in each of three independent
experiments. C, WT-A10 cells were cultured in the presence or absence of
Dox. After 12 h, cells were stained with 4’,6-diamidino-2-phenylindole to
count anaphase cells. Error bars indicate the mean = S.D. Two hundred cells
were subjected to the staining analysis in each of three independent
experiments.

checkpoint activation (mitotic delay) is often transient, with

some cells slipping past the arrest and producing a tetraploid
population due to defective cell division (40). From the obser-
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FIGURE 5. Delay in prophase and metaphase by CagA-mediated PAR1
inhibition. WT-A10 cells were induced to express CagA by depleting Dox in
the presence of the indicated adenoviruses (multiplicity of infection = 200 for
each virus). After 12 h, cells were stained with an antibody against phospho-
rylated serine 10 on histone H3 (H3-pSer10) to count H3-pSer10-positive cells.
Error bars indicate the mean * S.D.*, p < 0.05; **, p < 0.01, statistically signif-
icant (Student’s t test) (n = 3) (left). Expressed protein levels are shown (right).
B-Gal, B-galactosidase.
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FIGURE 6. Impaired cell division axis by CagA. A, confocal x-z plane views of
spindle orientation in anaphase. A10/H2B-GFP cells were cultured in the pres-
ence or absence of Dox. After 12 h, cells were fixed, and segregation of chro-
mosomes was visualized by confocal microscopy. B, percentages of cells with
spindle misorientation in the presence or absence of CagA. In this experi-
ment, cells in which the angles of the two daughter chromosomes («) incline
more than 10° were judged to have destabilized cell division axis (left). Fifteen
anaphase cells were investigated in each of three independent experiments.
Error bars indicate the mean = S.D. *, p < 0.05, statistically significant (Stu-
dent’s t test) (right).

vations, we conclude that repeated exposure to CagA, which
represents chronic infection with cagA-positive H. pylori in
vivo, induces chromosomal instability in host cells.

DISCUSSION

In the present study, we demonstrated that expression of H.
pylori CagA results in delay of the progression from prophase to
metaphase in mitosis and causes spindle misorientation at the
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FIGURE 7. Chromosomal instability caused by repeated exposure to
CagA. WT-A10 cells were cultured for 6 days with intermittent induction of
CagAondays 1,3,and 5 by depleting Dox. WT-A10 cells without CagA induc-
tion during the culture were used as a control. After the culture, cells were
harvested, stained with propidium iodide, and subjected to DNA histogram
analysis using flow cytometry. The arrow shows tetraploid (8N) (upper). Per-
centages of cells in each cell cycle phases were determined by use of
CellQuest and ModFit cell cycle analysis software. Error bars indicate the
mean = S.D.*, p < 0.001, statistically significant (Student’s t test) (lower).

onset of anaphase due to a destabilized cell division axis, result-
ing in induction of chromosomal instability. We previously
demonstrated that CagA specifically binds to PAR1, compris-
ing four isoforms (PAR1a, b, ¢, and d), and inhibits the kinase
activity (25). In mammalian cells, PAR1 acts as an MARK and
thereby plays an important role in the regulation of microtu-
bule stability upon MAP phosphorylation (32, 33). PAR1-me-
diated MAP phosphorylation causes dissociation of MAPs
from the microtubules and destabilizes microtubules. Given
that microtubules are essentially involved in mitosis as compo-
nents of the mitotic spindle, our results indicate that CagA per-
turbs mitosis by binding to PAR1 kinase and inhibiting its
activity.
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In metazoans, the spindle-assembly checkpoint plays a criti-
cal role in mitosis to ensure appropriate alignment of chromo-
somes prior to the onset of anaphase to enable segregation of
genetic materials to each daughter cell (41, 42). At the begin-
ning of mitosis, when kinetochores are unattached, the spindle-
assembly checkpoint proteins are activated to coordinate the
variable duration of microtubule-chromosome attachment and
chromosomal alignment with subsequent loss of sister-chro-
matid cohesion at metaphase to anaphase transition. Using
time-lapse microscopy, we found that CagA delays chromo-
somal separation. The observations imply that CagA subverts
mitotic spindle organization and/or attachment of microtu-
bules to kinetochores, both of which are attributable to the
impaired microtubule functions caused by CagA-mediated
PAR1 inhibition, thereby keeping the spindle checkpoint
machinery in its active state.

Another abnormality that was found to be associated with
CagA expression during mitosis is spindle misorientation at the
end of metaphase. Equal attachment of two daughter cells to
the culture dish is ensured by the positioning of the spindle axis
parallel to the long cell axis during mitosis. In turn, spindle
misorientation causes uneven attachment of the two daughter
cells to the dish following mitosis, as observed in cells express-
ing CagA. Théry et al. reported that the spindle orientation is
controlled by cell adhesion to the extracellular matrix (43).
Toyoshima and Nishida showed that the spindle is oriented
parallel to the cell-extracellular matrix adhesion plane via
Bl-integrin-mediated signaling (44). This observation provides
a molecular basis for the spindle misorientation in cells
expressing CagA: CagA inhibits PAR1 and thereby perturbs
microtubule stability, which in turn causes malfunctioning of
microtubules, including astral microtubules. Consequently,
cells expressing CagA generate an inadequate cell division axis
and thereby initiate aberrant cell division, the direction of
which is not parallel to culture dish. Interestingly, when ectopi-
cally expressed in Chinese hamster ovary cells, PAR1a, PAR1b,
and PAR1c are distributed uniformly to the cytoplasm, whereas
PAR1d preferentially localizes to the centrosome and microtu-
bules. Notably, acentrosomal cells lack radial arrays of astral
microtubules and are therefore defective in spindle positioning,
indicating that the centrosome ensures the fidelity of chromo-
somal segregation (45). Thus, PAR1d might be a primary target
of CagA in perturbing the mitotic process. Also, it is noted that
mitotic spindles are oriented parallel to the substratum through
a mechanism that is dependent on integrin-mediated cell-sub-
strate adhesion (44, 46). In this regard, CagA-deregulated
SHP-2 is known to dephosphorylate FAK and thereby inhibit
focal adhesions. Accordingly, CagA-mediated SHP-2 activation
may cooperate with CagA-mediated inhibition of PARI to
induce destabilization of spindle orientation and formation of
an improper cell division axis.

Inhibition of proteins involved in spindle assembly causes
mitotic delay and ultimately promotes segregation errors and
aneuploidy, leading to chromosomal instability (47). Our study
also showed that chronic exposure to CagA induces chromo-
somal instability in cells. This CagA activity, caused by mal-
functioning of the mitotic process, may significantly contribute
to carcinogenesis. Notably, the effect of CagA on mitosis is rel-

AUGUST 14, 2009+VOLUME 284 -NUMBER 33

Perturbation of Mitosis by H. pylori CagA

atively mild. However, compared with drastic perturbations of
chromosomal segregation that would immediately trigger apo-
ptosis, mild perturbation of chromosomal alignment is more
likely to increase the chance to generate variant cells that can
escape from the mitotic spindle checkpoint (41, 48).

Our present work reveals that CagA exploits the chromo-
somal segregation system for pathogenesis. The newly identi-
fied CagA activity increases the chance for cells to acquire addi-
tional genetic alterations that contribute to tumor progression
toward more aggressive phenotypes. Our findings therefore
reveal a bifunctional role of CagA as an oncoprotein. On the
one hand, CagA stimulates unscheduled cell proliferation by
targeting signal transducing molecules such as SHP-2, and, on
the other hand, it increases genetic instability by disturbing the
microtubule-based mitotic spindles. The dual function of CagA
may cooperatively contribute to the progression of multistep
gastric carcinogenesis.
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