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Cytokines are very important in the host defense system, and play a critical role in pro-
tection against bacterial and viral infections. Cytokines are also involved in the patho-
genesis and development of symptoms in infections. In this article, Helicobacter pylori
(H. pylori) infection as bacterial infection, and influenza virus infection, encephalomyo-
carditis virus (EMCV) infection, and herpes simplex virus (HSV) infection as viral infec-
tion are mentioned. In H. pylori infection, various chemokines, especially interleukin
(IL)-8, induce inflammatory responses in the gastroduodenal mucosa. Furthermore, IL-6,
IL-7, tumor necrosis factor (TNF)-ot, and interferon (IFN)-7 are involved in both protec-
tion and pathogenesis. In influenza virus infection, IFN-a/p\ IFN-7, and IL-6 play protec-
tive roles. In EMCV infection, IL-6 and TNF-ot play important roles as a protective and
exacerbative factor in acute myocarditis, respectively. Furthermore, in HSV infection,
the production of inflammatory cytokines is closely correlated with the pathogenesis of
herpetic keratitis, and IFN-7 plays an important role in enhancing viral clearance from
the cornea and trigeminal ganglions.

Key words: cytokines, encephalomyocarditis virus, Helicobacter pylori, herpes simplex
virus, influenza virus.

Cytokines, (glyco)proteins that are secreted from various
kinds of cells, are involved in host defense and inflamma-
tory responses. It is supposed that cytokines play an impor-
tant role in protection against bacterial and viral infections
and also in pathogenesis of infectious diseases. The defense
mechanism and pathogenesis vary depending on such fac-
tors as the kind of pathogens, the stages of infections (acute
or chronic), and the site of infections (systemic or topical).

In this article, the author mentions the functions of vari-
ous kinds of cytokines in bacterial and viral infections, and
proposes a hypothesis regarding roles of cytokines in infec-
tions.

1. Helicobacter pylori infection
The author mentions Helicobacter pylori (H. pylori)

infection as a representative of bacterial infections.
1) Helicobacter pylori infection and gastroduode-

nal diseases. It is well known that H. pylori causes vari-
ous kinds of gastroduodenal diseases including acute and
chronic gastritis, duodenal ulcer, gastric ulcer, and gastric
cancer (1-4). However, the pathogenesis of these diseases
caused by H. pylori is not well understood. Some immuno-
logical responses are involved in the development of inflam-
mation of the stomach (5).

It is supposed that several potential virulent factors
derived from H. pylori are involved in the development of
lesions resulting from gastric inflammation. For example,
vacuolating cytotoxin, which is an 87-kDa protein encoded
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by vacA, causes vacuolization of gastric epithelial cells (6-
8). This vacuolating cytotoxin is closely associated with
CagA protein, of which the molecular weight is 128 kDa (9,
10). However, Tummuru et al. (11) reported that the
mutated cagA gene, which can not express CagA protein,
did not affect cytotoxin expression. This indicates that vacA
and cagA are independently expressed.

Urease plays an important role in the pathogenesis of H.
pylori infection by protecting the bacteria from the acid
environment of the stomach, promoting colonization, and
inducing the production of ammonia. In addition, recent
studies have shown that urease is a potent chemoattrac-
tant factor for monocytes obtained from peripheral blood
mononuclear cells (PBMC) and mucosal macrophages (12,
13).

Thus, several virulent factors are involved in the patho-
genesis of gastroduodenal diseases.

2) cagA and inflammation of gastroduodenal tis-
sue. As described above, the role of the cagA gene in the
pathogenesis of gastroduodenal diseases has not yet been
elucidated. Therefore, we examined the relationship be-
tween the cagA gene and the degree of inflammation in
gastroduodenal mucosa (14). One hundred sixty patients
(85 men and 75 women; age range, 19-85 years; mean age,
54.5 years) participated in the study. Endoscopic findings in
the patients were as follows: normal mucosa, 15 patients;
gastric ulcer, 40 patients; duodenal ulcer, 25 patients; gas-
tric cancer, 30 patients; and chronic gastritis without ulcer,
25 patients. Table I shows that 112 of 160 patients (70%)
were positive for H. pylori by culture or histological stain-
ing. Nine patients were positive for H. pylori only by histo-
logical staining. In the 103 patients with a positive culture
for H. pylori, a test for cagA gene was positive in 89
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(86.4%). The positive rate of the cagA gene was signifi-
cantly higher in patients with duodenal ulcer or patients
with gastric cancer, although there were no significant dif-
ferences between patients with duodenal ulcer and those
with gastric ulcer.

In terms of the histological severity of the biopsy speci-
mens, specimens from patients with normal mucosa with-
out H. pylori infection had no infiltration of mononuclear
cells (MNC) or polymorphonuclear cells (PMN). Specimens
infected with H. pylori had significantly more severe infil-
tration of PMN and MNC than those without H. pylori
both in the antrum and corpus (Table II).

Furthermore, specimens infected with cagA-positive
strains had significantly more severe infiltration of PMN
than those infected with cagA-negative strains both in the
antrum and corpus. cqgA-positive specimens also had sig-
nificantly more severe infiltration of MNC than cagA-nega-
tive specimens in the antrum, but not in the corpus.

3) Expression of cytokine mRNA and cagA gene.
We examined the expression level of various kinds of cyto-
kines in the biopsy specimens. In general, gastric mucosal
inflammation caused by H. pylori is more severe in the
antrum than that in the corpus (15,16). Therefore, we com-
pared the expression of cytokine mRNA in the specimens of
the antrum with those of the corpus (14,17).

The results showed that interleukin (IL)-ip and IL-7
mRNA were found in the specimens from normal mucosa
without infection with H. pylori, whereas IL-6, IL-8, IL-10,
and tumor necrosis factor (TNF)-a mRNA were not found.
The levels of expression of IL-6 and IL-10 mRNA were sig-
nificantly higher in specimens from noncancerous tissue of
gastric cancer than those from chronic gastritis without

ulcer in the corpus. The level of IL-6 mRNA was signifi-
cantly higher in specimens from cancerous tissues than in
those from chronic gastritis without ulcer and gastric ulcer
or duodenal ulcer. The level of IL-10 mRNA expression was
also significantly higher in specimens from cancerous tis-
sues than in those from gastric ulcer or duodenal ulcer in
the antrum and chronic gastritis without ulcer in the cor-
pus.

Next, we examined the relationship between the expres-
sion of cytokine mRNA and the histological findings in H.
pylori-positive patients. The levels of expression of IL-7, IL-
8, and TNF-o mRNA were significantly higher in speci-
mens with moderate to severe infiltration of MNC and
PMN than in those with normal to mild infiltration in the
corpus. Furthermore, the levels of IL-8 and TNF-a mRNA
expression were significantly higher in specimens with
moderate to severe infiltration of MNC and PMN than in
those with normal to mild infiltration in the antrum.

The levels of expression of IL-6, IL-7, IL-8, IL-10, and
TNF-a mRNA were significantly higher in H. pylori—posi-
tive than in H. pylori-negative specimens both in the
antrum and corpus (Table HI). The level of IL-8 mRNA ex-
pression was also significantly higher in cagA-positive than
in cagA-negative specimens both in the antrum and corpus.
On the other hand, the levels of expression of IL-6, IL-7, IL-
10, and TNF-a mRNA were not significantly higher in
cagA-positive than in cagA-negative specimens.

Thus, it was concluded that cagA-positive strains induce
the expression of IL-8 mRNA and that IL-8 may play an
important role in the pathogenesis of gastroduodenal dis-
eases associated with H. pylori infection.

4) Induction of various cytokines and cagA gene.

TABLE I. Expression of cagA gene and endoscopic findings.
Hp+

cagA+ cagA- Not tested"
Hp- #p+/total cagA+AcagA+ and cagA-)

Chronic gastritis
Gastric ulcer
Duodenal ulcer
Gastric cancer
Normal mucosa
Total

(7i=50)
(7i=40)
(7i=25)
(TI=30)
(71=15)
(7i=160)

24
23
25
17
0

89

6
4
0
4
0

14

17
9
0
7

15
48

66.0
77.5

100.0
76.7

0.0
70.0

80.0
85.2

100b

81.0

86.4
Hp+, H. pylori positive; Hp-, H. pylori negative; cagA+, cagA gene positive; cagA-, cagA gene negative. "The presence of cagA gene was
not tested because H. pylori was positive only by histological staining. The positive rate of cagA gene was significantly higher in patients
with duodenal ulcer than patients with chronic gastritis and patients with gastric cancer (p < 0.05). [Reproduced from Yamaoka, Y. et al.
(1996) Gastroenterology 110, 1744-1752 {14).]

TABLE n. H. pylori infection and histological severity of gastritis.

Location Grade

Normal
Mild
Moderate
Severe
Normal
Mild
Moderate
Severe

cagA+

0
7

32
50

0
7

44
38

MNC infiltration
Hp+

cagA-

0
5
7
2
0
1
9
4

Hp-

15
21
12
0

15
27

6
0

cagA+

13
9

29
38
15
20
37
17

PMN infiltration
Hp+

cagA—

7
4
2
1
6
3
5
0

Hp-

45
3
0
0

47
1
0
0

Antrum

Corpus

NOTE. MNC infiltration: Hp+ vs. Hp-,p < 0.0001 (antrum) andp < 0.0001 (corpus); cagA+ vs. cagA-,p < 0.001 (autrum) and NS (cor-
pus). PMN infiltration: Hp+ vs. Hp-,p < 0.0001 (antrum) andp < 0.0001 (corpus); cagA + vs. cagA-,p < 0.001 (autrum) and NS (corpus)
by Mann-Whitney U test Hp+, H. pylori positive; Hp—, H. pylon negative; cagA+, cagA gene positive; cagA-, cagA gene negativa [Repro-
duced from Yamaoka, Y. et al. (1996) Gastroenterology 110, 1744-1752 (14).]
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TABLE m. Expression of cytokine mHNA and H. pylori infection.

Antrum
Hp+

cagA+
cagA-

Hp-
Hp+ vs. Hp-
cagA+ vs. cagA—

Corpus
Hp+

cagA +
cagA-

Hp-
Hp+ vs. Hp-
cagA+ vs. cagA—

No. studied

112
89
14
48

112
89
14
48

IL-lp (%)

108 (96.4)
87 (97.8)
12 (85.7)
44(91.7)

NS
NS

107 (95.5)
87 (97.8)
13 (92.9)
44 (91.7)

NS
NS

IL-6(%)

34 (30.4)
29 (32.6)
4 (28.6)
1 (2.1)

p < 0.0001
NS

50 (44.6)
39 (43.8)
5 (35.7)
0 (0.0)

p < 0.0001
NS

IL-7(%)

65 (58.0)
58 (65.2)
6 (42.9)

12 (25.0)
p < 0.0005

NS

59 (52.7)
49 (55.1)
6 (42.9)
4 (8.3)

p < 0.0001
NS

IL-8(%)

84 (75.0)
72 (80.9)
6 (42.9)
6 (12.5)

p < 0.0001
p < 0.005

93 (83.0)
81 (91.0)
6 (42.9)
3 (6.3)

p < 0.0001
p < 0.0005

IL-10 (%)

17 (15.2)
16 (18.0)
0 (0.0)
0 (0.0)

p < 0.005
NS

16 (14.3)
14 (15.7)
1 (7.1)
0 (0.0)

p < 0.005
NS

TNF-a(%)

51 (45.5)
44 (49.4)
5 (35.7)
6 (12.5)

p < 0.0001
NS

57 (50.9)
44 (49.4)

7 (50.0)
4 (8.3)

p < 0.0001
NS

Hp+, H. pylon positive; Hp—, H. pylori negative; cagA+,
al. (1996) Gastroenterology 110, 1744-1752 (14).]

cagA gene positive; cagA—, cagA gene negative. [Reproduced from Yamaoka, Y. et

Next, we examined the relationship between the cagA gene
and various kinds of cytokine proteins using the enzyme-
linked immunosorbent assay (ELISA) method {18). Results
showed that mucosal levels of EL-ip, IL-6, IL-8, and TNF-a
were significantly higher in H. py/ori-positive than in H.
pylori—negative patients. Furthermore, the mucosal levels
of EL-lp and IL-8 were higher in specimens infected with
cagA-positive strains than in those infected with cagA-neg-
ative strains. In H. py/ori-positive patients, the mucosal
level of IL-8 was closely correlated with that of EL-lp and
the mucosal level of IL-6 was closely correlated with that of
TNF-a.

These findings suggest that the ability to induce cyto-
kines differs among the strains; eagA-positive strains
induce various kinds of cytokines and may cause severe
inflammation, whereas cagA-negative strains induce IL-8
and IL-lp only weakly and may cause only mild inflamma-
tion. However, as most patients infected with the cagA-pos-
itive strains have gastritis, these strains might not be
equivalent to ulcerogenic strains.

5) Chemokines and H. pylori infection. It is clarified
from the results in the above studies that various cytokines
were involved in the pathogenesis of gastroduodenal dis-
eases. In particular, IL-8 was supposed to play an impor-
tant role in the development of inflammation of gastric
mucosa. Therefore, we examined the expression of chemo-
kines in the gastric mucosa in H. pylori infection (19).

Chemokines are a kind of cytokines showing chemotactdc
activity for leukocytes. There are over 20 members of the
chemokine superfamily at present, and all of them are
involved directly or indirectly in inflammatory responses.
Chemokines are classified into two major families on the
basis of the arrangement of the first two of four conserved
cysteine residues. The C-X-C chemokines consist of those
members whose first two cysteines (C) are separated by one
amino acid (X), while in the C-C chemokines, the first two
cysteines are adjacent to one another.

In general, C-X-C chemokines mainly show chemotactic
activities for neutrophils but not monocytes, whereas C-C
chemokines show chemotactic activities for monocytes and
lymphocytes, but have little effect on neutrophils (20). The
former group includes IL-8 and GROa, and the latter group
includes RANTES, MCAF, MIP-la, and MLP-ip.

We examined chemokine expression and production pat-
terns in gastric mucosa by RT-PCR and F.T.TSA methods

using gastric biopsy specimens (19). Furthermore, we com-
pared the expression of chemokines in the antrum with
that in the corpus in the patients with and without H.
pylori infection.

The results showed that H. pylori infection increased the
rates of expression of mRNA for IL-8, GROa, RANTES,
and MEP-la. The levels of these chemokines were corre-
lated with cellular infiltration. cagA gene-positive H. pylori
infection increased the expression of mRNA for IL-8 and
GROa.

Thus, it is concluded from these results that H. pylori
infection increased the expression of C-X-C chemokines (IL-
8 and GROa), but not the production of C-C chemokines.

6) Urease and H. pylori infection. Thus, various
kinds of cytokines are induced by infection with H. pylori,
and cagA gene products are involved in the production of
cytokines. However, products derived from H. pylori other
than CagA protein may be related to the production of
cytokines.

We examined by RT-PCR and ELISA methods whether
H. pylori urease stimulates the gastric epithelial cells to
induce cytokines (21). First, by using peripheral blood
mononuclear cells (PBMC) and a gastric cancer cell line
(MKN-45 cells), we confirmed the ability of purified H.
pylori urease to induce the expression of EL-ip, IL-6, IL-8,
IL-10, IL-12, IL-18, and TNF-a mRNA. However, interferon
(IFN>7 mRNA was detected neither before nor after the
stimulation of the purified urease. The production of IL-6
and TNF-a, but not EL-8, increased significantly in a dose-
dependent manner after the addition of urease to PBMC.
In particular, a large amount of TNF-a was detected in the
supernatants.

On the other hand, the expression of IL-6 and TNF-a
mRNA was induced in response to exposure to H. pylori
urease in MKN-45 cells. EL-ip, IL-8, IL-12, and IL-18
mRNA were constitutively detected both before and after
the stimulation of the purified urease. IL-10 and EFN--y
mRNA were detected neither before nor after the stimula-
tion.

In MKN-45 cells, the production of IL-6, IL-8, and TNF-a
was significantly induced by the addition of 10 |xg of urease
per ml. However, H. pylori UreB proteins stimulated the
production of IL-6 and TNF-a, but not IL-8, significantly in
a dose-dependent manner in PBMC. The production of EL-8
and TNF-a, but not IL-6, was also significantly induced by
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the addition of UreB protein to MKN^t5 cells.
Furthermore, Tinman gastric epithelial cells were incu-

bated with purified H. pylori urease for 3 h, and the expres-
sions of mRNA were determined by RT-PCR method. The
stimulation with the purified urease induced the expres-
sions of IL-6 and TNF-a mRNA, and there was no expres-
sion of mRNA in the unstimulated cells. IL-ip, IL-8, IL-10,
and IL-18 mRNA were expressed constitutively both before
and after the stimulation with the purified urease. IL-12
and IFN-7 mRNA expressions, on the other hand, were
detected neither before nor after the stimulation.

These results suggest that the human gastric epithelial
cells produce inflammatory cytokines by stimulation with
H. pylori urease, which indicates that the epithelial cells
were involved in the mucosal inflammation that accompa-
nied H. pylori infection.

7) IFN-7 and EL pylori infection. IFN-7 and IL-ip
mRNA were detected in the almost all biopsy specimens,
whereas IL-2, EL-3, IL-4, IL-5, IL-9, IFN-J3, and TNF-a
mRNA were not detected in any specimens and IL-6
mRNA was detected in only a few specimens. IFN-7 is
thought to be important in immune responses because it
induces the expression of the class II major histocompati-
bility complex of antigen-presenting cells and activates
macrophages and natural killer cells.

We first examined the colonizing abilities of eight H.
pylori strains with a short-term infection test in order to
select H. pylori strains that could colonize the mouse stom-

g H. pylori

CagA Urease

C-X-C
chemokines
IU8, GRO

C-C chemokinea
RANTES, MCAF,
MIP-la,MIP-10

Inflammation Protection

IFN-7

GaBtntis
Gastric ulcer
Duodenal ulcer
etc

Fig. 1. Scheme of the development of gastroduodcnal dis-
eases by Helicobacter pylori.

ach (22). Only three strains (ATCC 43504, CPY2052, and
HPK127) colonized the stomach of C57BL/6 wild-type mice,
although all of the strains except for ATCC 51110 could col-
onize the stomach of rFN--y~/~mice. The number of H. pylori
organisms colonizing the stomach in wild-type mice was
lower than that in IFN-7~/~mice. These findings suggested
that IFN--y may play a protective role in H. pylori infection,
although the degree of its protective ability was estimated
to be low.

In contrast, in a long-term infection test done to examine
the contribution of EFN--y to gastric inflammation, CPY-
2052-infected wild type mice developed a severe infiltration
of MNC in the lamina propria and erosion in the gastric
epithelium 15 months after infection, whereas CPY2052-
infected IFN-^^'mice showed no inflammatory symptoms.

This result clearly demonstrated that IFN-7 plays an
important role in the induction of gastric inflammation
caused by H. pylori infection.

From the results obtained in our studies, the following
scheme may be proposed (Fig. 1). Namely, CagA and urease
derived from H. pylori induce the production of cytokines,
and the cytokines produced cause inflammatory responses
and/or protect against infection. Finally, gastroduodenal
mucosal lesions characterized by infiltration of MNC and
PMN develop via actions of various cytokines.

2. Viral infection
Various kinds of cytokines also play an important role in

many viral infections. In this section, the author describes
roles of cytokines in influenza virus infection, encephalomy-
ocarditis virus (EMCV) infection, and herpes simplex virus
(HSV) infection.

1) Influenza virus infection. In influenza virus infec-
tion, cytokines appear in the acute phase, namely 1 to 3
days after infection. IFN plays an especially important role
in the protection against influenza virus infection. There
are three types of IFN: first, IFN-a, which is produced in
the leukocytes infected with viruses; second, IFN-p, which
is produced in fibroblasts infected with viruses or treated
with synthetic double-stranded RNA; third, IFN-7, which is
produced in sensitized lymphocytes stimulated with anti-
gens. Recently, it has been clarified that IFN-7 is produced
in type 1 helper T cells (Thl).

In order to investigate roles in the protection from influ-
enza virus infection, we administered anti-IFN-a/p anti-
body to mice infected with the influenza virus. The results
showed that all the mice treated with the antibody died
within 7 days post-infection, while the mice in the control
groups survived. Virus titers in the lungs of the mice that
were not given the antibody peaked on day 3 and then
decreased again. Also, IFN was detectable both in lung
homogenates and serum. In mice given the antibody, no
interferon was detectable and virus yields in the lung
increased until death. These results suggest that IFN-a/p
produced in the respiratory tract plays an important role in
the early stages of influenza virus infection (23).

Next, we examined the role of IFN-7 in the protection
against influenza virus infection. Anti—IFN--Y antibody was
administered to mice infected with the influenza virus.
Sixty percent of the mice receiving the anti—EFN-'Y antibody
died, while the mice that did not receive it survived. Thus,
IFN-*y also plays an important role in the protection
against influenza virus infection.
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Then, we detected IL-6 activity in the bronchoalveolar
fluid from the mice infected with the influenza virus, and
we confirmed that IL-6 was produced in the mast cells from
the infected mice. Furthermore, we were unable to detect
IL-6 in the bronchoalveolar fluid from the mast cell-defi-
cient mice infected with the influenza virus. When antd-IL-
6 antibody was administered to the mice infected with the
influenza virus, the mortality of the mice treated with the
antibody was significantly higher than that of the un-
treated control mice or the normal serum-treated mice (24).
Thus, IL-6 also plays an important role in the protection
against influenza virus infection.

2) Cytokines and viral myocarditis. It is possible
that cytokines play a role in the myocardial injury pro-
duced by viral myocarditis. It was reported that IL-la, IL-
lp, TNF-a, and granulocyte-colony stimulating factor (G-
CSF) were elevated in the serum of patients with acute
viral myocarditis (25). Although IFN, TNF and IL-6 report-
edly possess antiviral properties, their effects on viral myo-
carditis are unclear.

To investigate the role of cytokines in viral myocarditis
induced by the encephalomyocarditds virus (EMCV) in
mice, we determined cytokine mRNA levels expressed in
the heart after EMCV infection by the RT-PCR method.
Four-week-old C57BL/6 mice were inoculated intraperito-
neally with EMCV. The results showed that the expres-
sions of IL-ip, IL-6, IL-10, TNF-a, IFN-a, IFN-P, and IFN-
7 mRNA were enhanced in the heart during the acute
stage 2 to 3 days after EMCV infection.

In addition, we examined cytokine levels in heart tissue
and plasma by the ELISA and bioassay methods. IL-6,
TNF-a, and IFN concentrations were elevated in the blood
and heart of infected mice compared with uninfected mica

Finally, we examined the effects of the antd-cytokine anti-
body in viva Treatment with anti-IL-6 or anti-IFN-7 anti-
body resulted in significantly reduced survival and in-
creased myocardial damage in mice with viral myocarditis.
In contrast, the anti-TNF-a antibody improved survival
rate and lesions of myocardial lesions. These results sug-
gest that IL-6 and TNF-a play important roles as a protec-
tive and exacerbative factor in acute myocarditis, respec-
tively.

3) Cytokines and herpetic keratitis. It is well known
that cytokines, especially IFN, show protective activity in
herpes simplex virus (HSV) infections. We investigated the
role of cytokines in the pathogenesis of acute herpetic kera-
titis (HK). The kinetics of cytokines expression in the cor-
neas and the trigeminal ganglia (TG) of C57BL/6Cr (B6)
mice was examined after HSV type 1 (HSV-1) infection and
the influence of the targeted disruption of the IFN-7 gene
on the clinical course of HK and/or viral clearance was also
observed (26).

After corneal infection with HSV-1 Amakata strain, all
corneas developed typical dendritic keratitis. Quantitative
analysis using the ELISA method revealed that the expres-
sions of IL-la, IL-5, IL-6, and IFN-7 in corneas and TGs
were significantly elevated immediately after infection,
peaked between days 2 and 7 post-infection, and then di-
minished. One exception was IFN-7, whose expression sig-
nificantly persisted in the TGs until day 30 post-infection.

An additional experiment using WN-y~'~ mice revealed
that there was no significant difference in the peak level of
viral replication in corneas and TGs between WN-y~'~ mice

and B6 mice, although IFN-^"'" mice showed a significant
delay of virus clearance in both the corneas and TGs (p <
0.005) and a higher mortality rate than that of B6 mice
after HSV-1 infection (p < 0.01). It is suggested from these
results that the production of inflammatory cytokines is
closely correlated with the pathogenesis of HK, and that
IFN-7 plays an important role in enhancing viral clearance
from the cornea and TG.

Thus, in general, IFN-a and p play protective role in
viral infections and IFN-7, TNF-a and IL-6 show both pro-
tective function and induction of inflammatory responses.

REFERENCES

1. Blaser, MJ. (1990) Epidemiology and pathophysiology of Cam-
py lobacter pylori infections. Rev. Infect. Dis. 12 (Suppl), 99-106

2. Peterson, W.L., Stemmermann, G.N., Chyou, P.H., Kato, I.,
Petez, P.G., and Blaser, M.J. (1991) Helicobacter pylori and pep-
tic ulcer disease. N. Engl. J. Med. 324, 1043-1048

3. Nomura, A., Stemmermann, G.N., Chyou, P.H., Kato, I., Perez,
P.G., and Blaser, M.J. (1991) Helicobacter pylori infection and
gastric carcinoma among Japanese Americans in Hawaii. iV.
Engl. J. Med. 325, 1132-1136

4. Parsonnet, J., Friedman, G.D., Vandersteen, D.P., Chang, Y.,
Vogelman, J.H., Orentreich, N., and Sibley, R.K (1991) Helico-
bacter pylori infection and the risk of gastric carcinoma. N.
Engl. J. Med. 326,1127-1131

5. Fixa, B., Komarkova, O., Krejsek, J., Nozicka, Z., and Bures, J.
(1990) Specific cellular immune response in patients with Heli-
cobacter pylori infection. Hepatogastroenterology 47, 606-607

6. Cover, T.L., Dooley, C.P., and Blaser, M.J. (1994) Divergence of
genetic sequences for the vacuolating cytotoxin among Helico-
bacter pylori strains. J. Biol. Chem. 269, 10566-10573

7. Phadnis, S.H., liver, D., Janzon, L., Normark, S., and Westblom,
T.U. (1994) Pathological significance and molecular character-
ization of the vacuolating toxin gene of Helicobacter pylori.
Infect. Immun. 62, 1557-1565

8. Telford, J.L., Ghiara, P., Dell'Orco, M., Comanducci, M., Bur-
roni, D., Bugnoli, M., Tecce, M.F., Censini, S., Covacci, A.,
Xiang, Z., Papini, E., Montecucco, C, Parente, L., and Rappuoli,
R. (1994) Gene structure of the Helicobacter pylori cytotoxin
and evidence of its key role in gastric disease. J. Exp. Med. 179,
1653-1658

9. Covacci, A., Censini, S., Bugnoli, M., Petracca, R., Burroni, D.,
Macchia, G., Massone, A., Papini, E., Xiang, Z., Figure, N., and
Rappuoli, R. (1993) Molecular characterization of the 128-kDa
immunodominant antigen of Helicobacter pylori associated
with cytotoxicity and duodenal ulcer. Proc Nail. Acad. Sci. USA
90,5791-5795

10. Tummuru, M.K., Cover, T.L., and Blaser, M.J. (1993) Cloning
and expression of a high-molecular-mass major antigen of Heli-
cobacter pylori: evidence of linkage to cytotoxin production.
Infect. Immun. 61, 1799-1809

11. Tummuru, M.K., Cover, T.L., and Blaser, M.J. (1994) Mutation
of the cytotoxin-associated cagA gene does not affect the vacu-
olating cytotoxin activity of Helicobacter pylori. Infect. Immun.
62,2609-2613

12. Harris, PR., Ernst, P.B., Kawabata, S., Kiyono, H., Graham,
M.F., and Smith, P.D. (1998) Recombinant Helicobacter pylori
urease activates primary mucosal macrophages. J. Infect. Dis.
178, 1516-1520

13. Harris, P.R., Mobley, H.L., Blaser, M.J., and Smith, P.D. (1996)
Helicobacter pylori urease is a potent stimulus of mononudear
phagocyte activation and inflammatory cytokine production.
Gastroenterology 11, 419-425

14. Yamaoka, Y, Kita, M., Kodama, T., Sawai, N., and Imanishi, J.
(1996) Helicobacter pylori cagA gene and expression of cytokine
messenger RNA in gastric mucosa. Gastroenterology 110,
1744-1752

15. Stolte, M., Eidt, S., and Ohnsmann, A. (1990) Difference in ex-

Vol. 127, No. 4,2000

 at Peking U
niversity on O

ctober 1, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


530 J. Imanishi

pression of Helicobacter pylori-associated gastritis in the an-
trum and body of the stomach. Z. Gostroenterol. 28, 229-233

16. Bayerdorffer, E., Lehn, N., Hatz, R, Mannes, G.A., Oertel, H.,
Sauerbruch, T., and Stolte, M. (1992) Difference in expression
of Helicobacter pylori gastritis in antrum and body. Gastroen-
terology 102, 1575-1582

17. Yamaoka, Y., Kita, M., Kodama, T., Sawai, N., Kashima, K, and
Imanishi, J. (1995) Expression of cytokine mRNA in gastric
mucosa with Helicobacter pylori infection. Scand. J. Gastroen-
terol. 30, 1153-1159

18. Yamaoka, Y, Kita, M., Kodama, T., Sawai, N., Kashima, K., and
Imanishi, J. (1997) Induction of various cytokines and develop-
ment of severe mucosal inflammation by cagA gene positive
Helicobacter pylori strains. Gut 41, 442—451

19. Yamaoka, Y, Kita, M., Kodama, T., Sawai, N., Tanahashi, T,
Kashima, K., and Imanishi, J. (1998) Chemokines in the gastric
mucosa in Helicobacter pylori infection. Gut 42, 609-617

20. Taub, D.D. and Oppenheim, J.J. (1994) Chemokines, inflamma-
tion and the immune system. Ther. Immunol. 1, 229-246

21. Tanahashi, T., Kita, M., Kodama, T., Yamaoka, Y, Sawai, N.,
Ohno, T., Mitsufuji, S., Wei, Y.P., Kashima, K., and Imanishi, J.

(2000) Cytokine expression and production by purified Helico-
bacter pylori urease in human gastric epithelial cells. Infect.
Immun. 68, 664-671

22. Sawai, N., Kita, M., Kodama, T., Tanahashi, T., Yamaoka, Y,
Tagawa, Y, Iwakura, Y, and Imanishi, J. (1999) Role of gamma
interferon in Helicobacter /jytori-induced gastric inflammatory
responses in a mouse model. Infect. Immun. 67, 279-285

23. Hoshino, A., Takenaka, H., Mizukoshi, O., Imanishi, J., Kishi-
da, T., and Tovey, M. (1983) Effect of anti-interferon serum of
influenza virus infection. Antiviral Res. 3, 59-65

24. Sasaki, O., Takagi, N., Takenaka, H., and Imanishi, J. Mast cell
involvement in the protection against influenza virus infection
in mice, (in preparation)

25. Matsumori, A., Yamada, T, Suzuki, H., Matoba, Y, and Sasa-
yama, S. (1994) Increased circulating cytokines in patients with
myocarditis and myocardiopathy. Br. Heart J. 72, 561-566

26. He, J., Ichimura, H., Iida, T, Minami, M., Kobayashi, K, Kita,
M., Sotozono, C, Tagawa, Y, Iwakura, Y, and Imanishi, J.
(1999) Kinetics of cytokine production in the cornea and
trigeminal ganglion of C57BL/6 mice after corneal HSV-1 infec-
tion. J. Interferon Cytokine Res. 19, 609-615

J. Biochem.

 at Peking U
niversity on O

ctober 1, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/

