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Figure 6 (a) Expression of cytokine and chemokine mRNAs in ischemic lobes of rats. (b) Semiquantification of cytokines and chemokines in the
acute phase. () Semiquantification of cytokine and chemokines in the subacute phase. Analysis of bands for B-actin and cytokines or chemokines
is shown, and the data represent the ratio from five different animals. The expression of cytokines and chemokines was high in group C, but
attenuated in group M and group MX. Data represent mean + SEM. *P < 0.05 compared with group C; #P < 0.05 compared with group M-24.
B, group S, g,group C, group M; [, group MX.
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Figure 7 Level of expression of intercellular adhesion molecule
(ICAM)-1 mRNA in the ischemic lobe at 6 h after reperfusion. Analysis
of bands for ICAM-1 and B-actin is shown, and the data represent
the ratio from five different animals. The expression of ICAM-1
was high in group C, but attenuated in group M. Data represent
mean x SEM. *P < 0.05 compared with group C.

half-life and the timing of injection [the half-life of
MCI-186 is 0.17 h (#;,,0) and 0.81-0.85 h (#;,,P) at a dose
of 1.5 mg/kg in clinical laboratory tests] {27]. These phar-
macokinetic data suggested the need for a second experi-
ment that included additional administration of MCI-186
(group MX-24). As a result, additional administration of
MCI-186 at 12 h after reperfusion suppressed IRI with
attenuation of ODFRs and other mediators in the sub-
acute phase.

In summary, MCI-186 attenuates liver injury in vivo in
a rat warm IRI model, suggesting that this clinically
applicable free radical scavenger has the potential to
attenuate liver dysfunction in patients after hepatic resec-
tion and liver transplantation.
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Domino Liver Transplantation in Living Donors

Y. Hashikura, T. lkegami, Y. Nakazawa, K. Urata, M. Mihara, A. Mita, M. Sakon,
S. Miyagawa, and S. Ikeda

ABSTRACT

Domino liver transplantation (DLT) has been developed as a method to expand the donor
pool. In living donors DLT, the prime concern is to avoid any disadvantage to the donor
and the first recipient. Seven DLTs were performed among 211 patients who underwent
living donor liver transplantation. The domino recipients included six with hepatoceliular
carcinoma and one with citrullinemia. The domino grafts were obtained from patients with
familial amyloid polyneuropathy (FAP) including the left liver in three cases and the right
liver in four. Among the seven domino recipients, a 64-year-old woman with advanced
hepatocellular carcinoma died of lung metastasis. The other six domino recipients are alive
without FAP symptoms. In living donor liver transplantation, because the vessels of the
graft from the first donor are not long enough for anastomosis, the hepatic vessels must be
left as long as possible when removing the liver from the FAP patients in order to ensure
sufficient safety for vascular reconstruction. With careful decision making during the
procedure, such as where to divide the vessels in the FAP patients, DLT may help address
the shortage of liver grafts. -

OMINO LIVER TRANSPLANTATION (DLT) has
been developed as a method to expand the donor

pool. In living donors DLT,' the prime concern is io avoid
any disadvantage to the donor and the first recipient, most
of whom are patients with familial amyloid polyneuropathy

2004. All the domino donors were patients with FAP. The domino
(second) recipients were selected from among adult patients with
advanced hepatocellular carcinoma or acute liver failure (including
acute hyperammonemia due to metabolic disorders) who had no

(FAP). From this view, we verified the feasibility of various
types of DLT in living donor liver transplantation, including
consideration of vascular reconstruction in the domino
recipients.

PATIENTS AND METHODS

Seven DLTs were performed among the 211 patients who under-
went living donor liver transplantation between June 1990 and July
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Table 1. Clinical Profiles of the Domino Recipients

Patient Indication Graft GV/SV(%) Qutcome
1. 45(M) HCC + LCC Right 46 Alive (52M)
2. 64(F) HCC + LCC Left 50 Dead" (22M)
3. 61(M) HCC + LCB Right, 2nd 34 Alive (37M)
4. 52(F) HCC + LCB Right 50 Alive (33M)
5. 32(M) Citrultinemia Left (APOLT) 26 Alive (19M)
6. 56(M) HCC + LCC Left 30 Alive (14M)
7.57(M) HCC + LCC Right 52 Alive (13M)

HCG, hepatoceilular carcinoma; LCC, hepatitis C cirrhosis; Right, right hepatic lobar graft; Left, left hepatic lobar graft; LCB, hepatitis B cirrhosis; 2nd, delayed

domino transplantation; APOLT, auxiliary partial orthotopic liver transplantation.

"Died of HCC recurrence to the iung.

0041-1345/05/$-see front matter
doi:10.1016/j.transproceed.2005.01.081
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Fig 1. Possible options of DLTin
living donors. Because temporary
auxiliary partial orthotopic fiver (D)
transplantation is feasible for pa-
tients with FAP, transplantation
using the right liver for FAP is
invalid from the viewpoint of do-

(E) C

C Left liver

Left liver

Left FAP liver

Right FAP liver
2 jook

nor safety.

chance of undergoing cadaveric or living related donor liver
transplantation. Because there is no systematic waiting list for DLT
in Japan, recipient selection is decided by each individual institu-
tion. Our procedure has been approved by the institutional ethics
commitiee. The domino recipients included six patients with
hepatocellular carcinoma and one patient with citrullinemia, aged
between 32 and 64 years (Table 1). Based on the considerations for
possible DLT options in living donors (Fig 1), we selected an
appropriate procedure in each case. The domino grafts from the
patients with FAP were the left liver in three cases, and the right
liver in four. In one patient with hepatocellular carcinoma, we
applied DLT using the remnant liver of a temporary auxiliary
orthotopic liver transplant recipient as a liver graft for another

Fig 2. Whole liver graft for DLT. To ensure a sufficient level of
safety for recipients with FAP, the graft has vessels of insufficient
length and with multiple vascular orifices. This makes the
domino transplant procedure technically complex.

patient at 2 months after the first liver transplantation for the FAP
patient.? In addition, in DLT for the patient with citrullinemia, the
small domino left liver was transplanted as an auxiliary orthotopic
graft.® In the three domino recipients who received a left liver, the
portal vein was reconstructed using a venous graft. In the four
domino recipients with a right liver graft, a venous patch was
applied for the hepatic venous reconstruction to obtain a sufficient
width of the anastomosis.*

RESULTS

All first donors recovered well, returning to a normal life.
Among the seven FAP patients, a 38-year-old woman who
received a left liver graft from her husband died of hepatic
artery and portal venous thrombosis. This patient showed

Fig 3. Left liver graft for a patient with FAP and right liver graft
for a domino recipient. In the patient with FAP, the left liver is
removed and the left liver graft from the living donor is trans-
planted orthotopically. During this phase, the right portal vein is
patent and acts as a temporary portosystemic shunt to avoid
portal congestion (A). Thereafter, the right liver, which has
sufficient length (B), is removed for the domino transplant.
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Fig4. Leftliver graftfor a patient with FAP and left liver graft for
a domino recipient. When performing auxiliary partial orthotopic
liver transplantation for a patient with FAP, the left liver can be
used for a domino graft. In this setting, division of the left portal
vein at line B is not safe for vascular reconstruction in the patient
with FAP. Line A is appropriate, and reconstruction with a
vascular graft is necessary for the domino transplant.

extreme hypercoagulability during transplantation and did
not recover even after heparinization and reanastomosis.
Whether any relationship existed between the hypercoagu-
lability and the domino transplant is unlikely. Among the
seven domino recipients, a 64-year-old woman with ad-
vanced hepatocellular carcinoma died of lung metastasis at
22 months after transplantation. The other six domino
recipients are alive without FAP symptoms after 13 to 52
months (median: 29 months).-

DISCUSSION

The main concern in DLT is to ensure the safety of both the
FAP patient and the living donor. Because the vessels of the

HASHIKURA, IKEGAMI, NAKAZAWA ET AL

. living donor liver transplant from the first donor are not

long enough for anastomosis, it is necessary to leave the
hepatic vessels as long as possible when removing the liver
from the FAP patient to ensure safety for vascular recon-
struction. This makes the vessels attached to the domino
graft very short with multiple orifices (Fig 2), thus increas-
ing the technical complexity of vascular reconstruction in
the domino recipient. From this viewpoint, a whole liver is
not an ideal domino graft. Instead, when the FAP patient
receives a left liver graft from the first donor and the
patient’s right liver is harvested as a domino graft, the
domino graft vessels can be obtained to a certain extent (Fig
3). On the other hand, when the FAP patient receives a left
liver graft from the first donor as auxiliary partial orthotopic
liver transplantation and the patient’s left liver is harvested
as a domino graft, the domino graft vessels should be
obtained short to maintain the FAP patient’s safety (Fig 4).
In this setting, a vascular graft has to be obtained for
reconstruction. With careful decision making during the
procedure, such as where to divide the vessels in the FAP
patients, DLT may help address the shortage of liver grafts.
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Background and Aims: The roles of the virD4 and the cagG genes in the cag pathogenicity island of
Helicobacter pylori for gastroduodenal pathogenesis are unclear and their roles in vivo have not been
examined.

Methods: Seven week old male Mongolian gerbils were inoculated with the wild type H pylori TN2GF4, its
isogenic virD4, or cagG mutanis. Animals were sacrificed at 4, 12, and 24 weeks after inoculation.
Gastric inflammation and H pylori density were evaluated by histology, inflammatory response (as
measured by interlevkin (IL}-1B mRNA levels), proliferative activity (as assessed by 5'-bromo-
2'deoxyuridine labelling indices), and host systemic reaction (as measured by anti-H pylori lgG antibody).
Results: Degree of gastric inflammation, proliferative activity, and mucosal IL-18 mRNA levels remained
low throughout the first 12 weeks in gerbils infected with the virD4 mutants. Degree of gasiric inflammation.
and proliferative activity increased at 24 weeks with the virD4 mutants reaching levels comparative with
those seen at four weeks with the wild-type strains. Mucosal IL-1B mRNA levels were also increased at
24 weeks with the virD4 mutants and levels at 24 weeks were similar between the wild-type and virD4
mutants. In contrast, gerbils infected with the cagG mutants had reduced ability to colenise gerbils, and no
or litfle gastric inflammation or proliferative activity was observed.

Conclusions: Loss of the virD4 gene temporally refarded but did not abrogate gastric inflammation. Loss of
the cagG gene abolished gastric inflammation portially via reduced ability to colonise gerbils. Unknown

10 January 2005

Helicobacter pylori is associated with increased mucosal
inflammation and an increased risk of the development
of gastric cancer or peptic wlcer disease.’™ The cag PAl is a
40 kbp cluster of approximately 27 genes that encodes a type
IV secretary apparatus {a molecular syringe) which injects
the CagA protein and possibly other unknown proteins into
eukaryotic cells.” Defining the roles of the various genes in
the cag PAI in the pathogenesis of H pylori related diseases is
an arca of active research interest. In vitro experiments using
gastric cancer cells cocultured with H pylori indicate that
several genes in the island are involved in induction of a
proinflammatory cytokine; interleukin (IL)-8 (for example,
cagB but not cagA).? ** IL-8 is a potent neutrophil chemotactic
and activating peptide produced by gastric epithelial cells and
is thought to play a major role in the pathogenesis of H pylori
associated diseases. Recent in vivo studies using Mongolian
gerhils (Meriones unguiculatus) showed that cagE knockout
mutants were associated with reduced gastric inflaimma-
tion”"* and did not induce gastric ulcers or gastric cancer.”
In contrast, cagA knockout mutants caused gastric inflamma-
tion similar to the parental strain.’* The in vivo function of
other genes in the cag PATI has not been examined. This study
therefore involves two genes in the cag PAT (virD4 and cagG),
both of which have been suggested to play unique roles based
on in vitro studies,' 7 *** but their roles in vivo have not
been examined.
virD4 (hp0524; hp number from GenBank: AE000511) is
one of seven genes in the cag PAI that are virulent {vir) gene
homologues.® virD4 is a key component of the type IV
secretion system. In the plant pathogen Agrobacterium
tumefaciens, VirD4 is thought to mediate introduction of the

The presence of the cag pathogenicity island (PAI) in

www.gutinl.com

factors related to the type IV secretion sysiem other than CagA may influence gastric inflammation.

nucleoprotein complex into the transporter by an energy
dependent mechanism.” ** In H pylori, VirD4 is thought to act
as an adapter protein for the transfer of CagA protein and
possibly other unknown proteins into the transfer chammel
formed by other Vir proteins in the cag PALY This is based on
previous reports showing that knockout of the virD4 gene
resulted in loss of CagA translocation/phosphorylation as well
as loss of H pylori induced host cytoskeletal rearrangement. '’
Although the role of VirD4 in relation to IL-8 secretion from
host cells remains unclear,” 7 * the consensus is that loss of
VirD4 does not parallel the reduction in IL-8 in contrast with
other Vir factors in the cag PAL

The second gene we examined was the cagG gene which is
not a vir homologue gene but has weak homology to the
flagellar motor switch protein gene or toxin coregulated pilus
biosynthesis protein gene.? * The cagG gene has recently been
reported to be involved in adherence to gastric epithelial
cells.” As the roles of these two gene have not been
investigated in vivo, we used the Mongolian gerbil model to
examine their functions in vivo in relation to gastric mucosal
inflammation.

MATERIALS AND METHODS

Bacterial strains

We used a clinical isolate of H pylori strain TN2GF4 (kind gift
from Masafumi Nakao, Takeda Chemical Industries Ltd,
Abbreviations: Al, arbiirary index; BrdU, 5'-bromo-2'deoxyuridine;
CFU, colony forming units; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; IL, interleukin; MNC, mononuclear ce|E; PAl,
pathogenicity island; PCR, polymerase chain reaction; PMN,
polymorphonuclear cells, RT, reverse transcription; vir, virulent
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Osaka, Japan) and its isogenic knockout mutants for cqgG
and virD4. Strain TN2GF4 was isolated from Japanese gastric
ulcer patients and is reported to induce gastric ulcer and
gastric cancer in gerbils over 62 weeks.”

Isogenic mutant strains were constiucted from a single
colony from stock frozen H pylori. A portion of the genes
encoding the gG and virD4 genes was amplified by
polymierase chain reaction (PCR) and the amplified fragment
was inserted into the FeoRV restriction enzyme site of
pBluescriptSK+ (Stratagene, La Jolla, California, USA). A
chloramphenicol resistance gene cassette (a gift from DE
Taylor, University of Alberta, Edmonton, Canada) was
inserted into Bsml and HindIII sites of the insert DNA for
the cagG and virD4 genes, respectively. All plasmids (1-2 pg)
were used for inactivation of chromosomal genes by natural
transformation, as previously described.” Inactivation of the
genes was confirmed by PCR amplification followed by
Southern blot hybridisation.

IL-8 levels from gastric cancer cells cocultured with

H pylori

In vitro IL-8 measurement was performed as previously
described.® Briefly, the human gastric cell line MKN 45
{(Japanese Cancer Research Bank, Tsukuba, Japan) {1x10%/
ml) was plated onto 24 well plates and cultured for two days.
H pylori was added to the cultured cells (bacterium to cell
ratio of 100:1) and incubated for 24 hours. IL-8 in the
supernatant was measured by an enzyme linked immuno-
sorbent assay (R&D Systenis, Minneapolis, Minnesota, USA)
in triplicate.

Animal, housing, and H pylori challenge
Specific pathogen free seven week old male Mongolian
gerbils (MGS/Sea; Seac Yoshitomi, Fukuoka, Japan) were
used in this study. They were housed in an air conditioned
bichazard room designed for infectious animals, with a
12 hour light/12 hour dark cycle. They were provided with a
rodent diet and water ad libitum. All experimental protocols
were approved by the Animal Experiment Comumittee of
Shinshu University School of Medicine, Matsumoto, Japan.
H pylori were grown in Brucella broth supplemented with
10% (voljvol) horse serum for 40 hours at 37°C under
microaerobic conditions and saturated humidity, with shak-
ing at 150 pm. After fasting for 24 hours, each animal was
orogastrically inoculated with 1.0 ml of an inoculum pre-
paration of H pylori (10% colony forming units (CFU)/ml) or
sterile Brucella broth {as an uninfected control) using gastric
intubation needles. No specific pretreatments (for example,
acid inhibition or antibiotics) were used before orogastric
H pylori inoculation. Four hours after administration, animals
were again allowed free access to water and food.

Time course and euthanasia
Mongolian gerbils were assigned to one of three groups:
inoculated with the wild-type H pylori strains, with its cag

Table 1 Primers and probes used in this study

GAPDH

Forward: 5'- CATGGCCITCCGAGTTCCT-3'

Reverse: 5-TICTGCAGTCGGCATGTCA-3"

Probe: 5'-VIC-CCCCCAACGTGTCTGTCGTGGA-TAMURA-3'
-1p

Forward: 5'-GGTGACACAAGCAGCAACAAA-3'

Reverse: 5-CATCACACAGGACAGGTACAGATICT -3’

Probe: 5 -FAM-TACCGGTIGGCCTTGGGCCTCA-TAMURA-3

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL, interleukin;
FAM, é-carboxyfluorescein; TAMURA, é-carboxy-N, N, N', N'-

tetramethylrhodamine.
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mutants, or with its virD4 mutants. Infected gerbils were
killed and underwent necropsy at 4, 12, and 24 weeks after
H pylori inoculation. Bight to nine gerbils were used for each
time point. Uninfected control gerbils were killed at 11, 19,
and 31 weeks of age (to serve as controls for the infected
animals 4, 12, and 24 weeks after H pylori inoculation)
(n=06 each). Thirty minutes before being killed, gerbils
were given 200 mg/kg of 5'-bromo-2'deoxywridine (BrdU)
intraperitoneally.

At necropsy, stomachs were opened along the greater
curvature, beginning at the gastro-oesophageal junction and
ending at the proximal portion of the duodenum, and
observed macroscopically. Stomachs were then divided long-
itudinally into two parts and one half was fixed in 20%
phosphate buffered formalin fixative for histological exam-
ination. The other part was further divided into the pyloric
gland mucosa (antrum) and the fundic gland mucosa
{corpus). The gastric mucosa was separated as much as
possible from the underlying muscle using sharp dissection.
Each specimen was placed on dry ice and stored at —80°C for
cytokines mRNA analysis.

H pylori cultures

A 1 mm? piece of gastric mucosa from the pyloric part of the
stomach was used for cultwre of H pylori. These fragments
were minced with Brucella broth and several diluted aliquots
were spread on commercially available H pylori selective agar
plates (Eiken Chemical Co., Tokyo, Japan). Cultures were
incubated for seven days and the number of H pylori colonies
per plate was counted.

Histological examination

Half of the stomach was stapled onto paper and fixed in 20%
phosphate buffered formalin for 24 hours at 4°C. The fixed
gastric tissue was processed for histopathological examina-
tion, and paraffin embedded sections were sliced and stained
with haematoxylin-eosin or May-Grunwald-Giemsa. The
degree of inflammation was graded according to the updated
Sydney system.™

Analysis of IL-18 mRNA expression by real time
quantitative PCR

Total RNA was extracted from the gastric nrucosa using an
RNA extraction kit (Isogen; Nippon Gene, Tokyo, Japan).
After DNase treatment, 5 pg of total RNA were subjected to
reverse transcription (RT) using 200 U of Moloney murine
leukaemia virus reverse transcriptase (Life Technologies, Inic.,
Gaithersburg, Maryland, USA). Partial gerbil specific IL-1§
¢DNA sequences were recently cloned in our group (GenBank
accession number AB164705) and we normalised IL-18
mRNA levels to the gerbil specific glyceraldehyde-3-phos-
phate dchydrogenase (GAPDH) mRNA identified pre-
viously.” Specific primers and TagMan probes are listed in
table 1. Real time PCR was performed using an ABI Prism
7700 Sequence-Detection System (Perkin-Elmer Applied
Biosystems) at 50°C for two minutes, 95°C for 10 minutes,
followed by 50 cycles of 95°C for 15 seconds and 60°C for
60 seconds. IL-1 mRNA levels were expressed as the ratio of
IL-18 mRNA to GAPDH mRNA (100 000 x IL-18 mRNA
(vmit/nl)/GAPDH mRNA (unit/ul)). Each assay was per-
formed in triplicate.

Serology

Before the animals were killed, blood samples were obtained
from the orbital plexus using haematocrit tubes. Sera were
used to measure the titre of anti-H pylori IgG antibody, as
previously described.” * Antibody titre was expressed as
an arbitrary index (AI) with values greater than 1.37
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Table 2 Prevalence of H pylori colonisation in gerbils evaluated with different methods

Wild-type cagG mutants virD4 mutanis

AWln=8 12W(n=8] 24W (n=8 4W[n=8) T12W(n=8 24Win=9) AW (n=8  12Win=8) 24W [n=9]
Culture {pyloric) 88% 100% 88% 0% 75% 1% 25% 88% 100%
Serology 75% 100% 100% 13% 0% 22% 100% 100% 100%
Histology (pyloric) 100% 100% 100% 38% 88% 100% 100% 75% 100%
Histology {fundic) 100% 100% 100% 38% 88% 89% 88% 88% 100%
Colonisation (tolal} ~ 100% 100% 100% 38% 100% 100% 100% 100% 100%

W, weeks post infection.

Gerbils were classified as H pylori positive if culture and/or histology yielded positive results.

(<15 weeks of age) or 1.90 (>15 weeks) being scored as
positive for H pylori based on our system.*

Statistical analyses

Results are presented as medians when the data were not
distributed normally, and mean (SEM) when they were.
Statistical analyses included the Student’s 1 test or the Mann-
Whitney rank sum test, depending on whether the data were
normally distributed. Prevalence of infection was analysed
using Fisher's extract test. A p value of <0.05 was considered
significant.

RESULTS

In vitro IL-8 production from MKN45 cells cocultured
with H pylori

The wild-type strain (TN2GF4) containing a complete set of
the cag PAI genes induced greater secretion of IL-8 from
MIN45 cells (mean (SEM) 3162 (147) pg/ml) than the virD4
mutants (2318 (43) pg/mil) (p<<0.01) or the cagG mrutants
(325 (9) pg/ml) (p<0.001). In agreement with reports by
Selbach and colleagues,"” the virD4 knockout mutants
induced intermediate levels of IL-8 whereas the cqgG mutants
induced less than one tenth of IL-8 produced by the wild-type
strain {control IL-8 levels without H pylori infection were 113
(5) pg/ml).

Establishment of H pyfori infection in Mongolian
gerbils

Ninety two gerbils were used. Bacteriological, histological,
and serological examination showed no detectable H pylori in
control gerbils. Imfection status in inoculated gerbils was
assessed using bacteriological and histological examination
(table 2). Gerbils were classified as H pyvlori positive if culture
and/or histology yielded positive results. With the exception

160 - ' e
O Control kil
140+ | O Wild-type Eid
L cagG mutants I
120 B virD4 mutants A
100
I 80
60 I Ead
4 Hi -
20} ﬁ " fit
o . B,
4 weeks 12 wesks 24 weeks

Figure 1 Tilre of serum anti-Helicobacter pylori IgG antibodies of
Mangolicn gerbils inoculated orally with H pylori or without H pylori
infection {control). Mean [SEM} values are presented. *p<c0.01
compared with control; $11p<0.001 compared with the cagG knockout
mutants; $1p<c0.01, $1tp<0.001 compared with the virD4 knockout
mutants. Al, arbitrary inJ;x.
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of [ive gerbils infected with the cagG mutants for four weeks,
all gerbils were successfully infected (table 2). The five gerbils
with failed infection were excluded from further analyses.

H pvlori 1gG antibody titres were significantly increased in
gerbils inoculated with the wild-type strains at 12 and
24 weeks compared with those at four weeks (27.9 (4.3) at
12 weeks and 111.9 (21.7) at 24 weeks compared with 2.2
(0.3) at four weeks) (p<<0.001 for each) (fig 1). Although
seroconversion occwred in all gerbils inoculated with the
virD4 mutants, antibody titres were significantly lower than
those of gerbils infected with the wild-type strains (8.6 (1.2)
at 12 weeks and 17.0 (3.1) at 24 weeks for the virD4 mutants;
p<0.001 for each). Antibody titres of gerbils infected with the
cagG mutants were very low (maximum 3.5), and even
seroconversion occurred.

Histopatholagical findings

Histopathological changes at 4, 12, and 24 weeks after
inoculation of Mongolian gerbils with H pylori and in controls
are shown in fig 2. Inflammatory cell infiliration in the
lamina propria was negligible in controls. At four weeks after
inoculation, gerbils infected with the wild-type strains
showed chronic active gastritis in the antrum, with marked
mucosal infiltzation by neutrophilic polymorphonuclear cells
(PMN) (infiltration score 1.0 (0.3)) and by mononuclear cells
{MNC) (1.9 (0.3)) (figs 3, 4). At 12 weeks, with the wild-type
strains, dense PMN infiltration was seen throughout the
mucosa with a dense MNC infiltration in the lamina propria
and submucosa in the antrum, with the normal mucosal
architecture being almost completely replaced with hyper-
plastic epithelium (PMN 2.5 (0.2) and 0.7 (0.2); MNC 2.8
(0.1) and 1.0 (0.2) for the antrum and corpus, respectively).
At 24 weeks with the wild-type strains, numerous irregulaily
branched dilated mucous glands were seen in the lower
portion of the proper muscle layer and the PMN and MNC
infiltration scores reached their maximal levels (PMN 3.0 and
1.0 (0.2); MNC 3.0 and 1.1 (0.1) for the antrum and corpus,
respectively).

In contrast, gerbils infected with the cagG mutants showed
almost no inflaimmation at any time after inoculation (figs 3,
4). MNC and PMC infiltration scores in gerbils infected with
the cagG mutants were significantly lower than those with
the wild-type strain throughout the observation periods.

Gerbils infected with the virD4 mutants showed mild
cellular inflammation four and 12 weeks after inoculation
{MNC and PMC infiltration scores less than 0.5). MNC and
PMC infiltration scores in gerbils infected with the virD4
mutants were significantly lower than those with the
wild-type strains throughout the observation periods.
Interestingly, however, at 24 weeks after inoculation, gerbils
infected with the virD4 mutants showed chronic active
gastritis with marked mucosal infiltration in the antrum
(MNC 1.8 (0.3) and PMN 1.3 (0.3)) whereas niucosal
infiltration in the corpus remained very mild (figs 3, 4).
The amount of cellular infiltration in the antrum increased in
gerbils infected with the virD4 mutants at 24 weeks
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24 weeks

4 weeks 12 weeks

Figure 2  Histology of the gastric pyloric mucose of {A) control, (B} wild-
type Helicobacter pylori strain TN2GF4, {C} its isogenic cagG knockout
mutant, or {D} virD4 knockout mutant. Haemcioxyﬁn and eosin stain,
original magnification x200. {A) In controls, inflammatory cell
infiltrafion in the lamina propria was negligible throughout the
experimental periods. (B} In gerbils infected with the wild-fype strain,
pyroric mucosa showed marked infiltration by neutraphilic polymorpho-
nuclear cells and mononuclear cells at four weeks after inoculation and
the inflammatory response increased with the duration of infection. The
pyloric mucosc became thickened from four wesks affer inoculation, and
irregularly branched and dilated mucous glands appeared at 24 weeks
after inoculation. {C) In gastric mucosa infected with the cagG knockout
mutants, inflammatory cell infiltration in the lamina propria was
negligible throughout the experimental periods. (D) Pyloric mucosa of
gerbils infected with the virD4 knockout mutants showed mild
inflammatory inflammation ot four and 12 weeks after inoculation. At
24 weeks affer inaculdation, pyloric mucosa showed increased degrees of
inflammatory cell infiltration and becarne thickened.

compared with 12 weeks, and the pyloric mucosa appeared
expanded similar to that observed with the wild-type strains.
The grade of mucosal inflammation observed in gerbils
infected with the virD4 mutants at 24 weeks was similar to
those with the wild-type strains at four weeks.

H pvlori density score, as evaluated by histology in the
antrum of gerbils infected with the virD4 mutants, was
significantly greater than that in animals infected with the
wild-type strains at 24 weeks (fig 5) (p<0.01). Importantly,
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Figure 3 Neutrophil infiltration scores at 4, 12, and 24 weeks afier
inaculating with Helicobacter pylori or without H pyleri (control). Mean
{SEM} values are presented. *p<0.05, **p<c0.01, **p<0.001
compared with control; +1p<0.01, $1+p<0.001 compared with the
cagG knockout mutants; 13p<0.01, £+1p<0.001 compared with the
virD4 knockout mutants.
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Figure 4 Mononuclear cell infiltration scores at 4, 12, and 24 weeks
after inoculating with Helicobacter pylori or without H pyori [control).
Mean [SEM] values are presented. **p<0.01, **p<0.001 compared
with control; 11p<0.01, $11p<0.001 compared with the cagG
knackout mutants; +£p<0.01, $Hp<<0.001 compared with the virD4
knockout mutants.
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Figure 5 Scores for Helicobacler pylori density evaluated by histology
at 4, 12, and 24 weeks after inoculation with H pylori. Mean {SEM)
values are presented. 1p<0.05 compared with tﬁe cagG knockout
mutants, $p<:0.05, $1p<0.01 compared with the virD4 knockout
mutants.

gerbils infected with the cagG mutants showed no inflamma-
tion at any time after inoculation. H pylori density score was
mostly equivalent to the wild-type strains or virD4 mutants
(fig 5).

BrdU labelling indices

Detectable BrdU labelling indices were not observed in
control gerbils without H pylori infection. BrdU labelling
indices in the antrum were independent of the duration of
H pylori infection both in gerbils infected with the wild-type
strains (mean 26.3 (3.1) to 34.6 (3.3)) and the cayG mutants
(mean 3.2 (0.5) to 11.3 (7.3)) (fig 6). In contrast, BrdU
labelling indices were significantly increased in the virD4
mutants at 24 weeks after inoculation (29.3 (3.9) at
24 weeks compared with 6.1 (0.8) at four weeks and 3.8
(0.5) at 12 weeks) (p<0.001 for each). Overall, BrdU
labelling indices were higher in gerbils infected with the
wild-type strains compared with those with the cagG mutants
or the virD4 mutants at four or 12 weeks. Indices were also
significantly higher in gerbils infected with the wild-type
strains compared with those with the cagG mutants at
24 weeks (p<0.001) whereas the indices were similar among
gerbils infected with the wild-type strains and the virD4
mutants.

Mucosal IL- 1 mRNA levels

In the control group, mucosal IL-13 mRNA levels were very
low throughout the observation periods (10 000x mean
{SEM); IL-1/GAPDH 1.8 {0.4) to 6.6 {0.8)) {fig 7). At four
weeks after inoculation, mucosal IL-18 mRNA levels were
significantly greater in gerbils infected with the wild-type
strains compared with the virD4 or cagG mutants. Mucosal
IL-18 mRNA levels at 12 weeks with the wild-type strains
were also significantly higher than those with the virD4 or

www.gutinl.com

Saito, Yamaoka, Ishizone, et al

(] Control

D Wild-type
cagG mutants
B virD4 mutants

xE
it

#3s

N
w
T

BrdU labelling index
o 3
T T

-
o
T

ol [

12 weeks 24 weeks

(=2 ]

4 weeks

Figure 6 5’-Bromo-2'deoxyuridine (BrdU) lubelfing indices in the
pyloric mucosa. Mean [SEM) values are presented. **p<0.01 compared
with control; +11p<<0.001 compared with the cagG knockout mutants;
$3p<0.01, $31p<0.001 compared with the virD4 knockout mutants.
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Figure 7 Mucosal interfeukin (IL)-1p mRNA levels in gerbils at 4, 12,
and 24 weeks after inoculating with Helicobacter pylori or without

H pylori (control) in the pylorie mucosa [antrum) and fundic mucosa
{corpus). Mean (SEM) vames are presented. *p<0.05, **p<<0.01,
*<<0.001 compared with control; 1p<0.05, t1p<0.01,
+11p<0.001 compared with the cagG knockout mutants; 3+p<0.01,
+11p<0.001 compared with the virD4 knockout mutants.

cagG mutants. At 24 weeks after inoculation, IL-18 levels
decreased in gerbils infected with the wild-type strains.
Mucosal IL-18 levels were very low in gerbils infected with
the virD4 mutants throughout the first 12 weeks; however,
these levels tended to increase at 24 weeks (45.6 (36.0) for
the antrum and 63.0 (30.6) for the corpus). In contrast, IL-13
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levels were very low in gerbils infected with the cagG mutants
throughout the observation periods (fig 7).

DISCUSSION

We used the Mongolian gerbil model to exantine the effect of
two previously unstudied genes in the cag PAT (virD4 and
cagG) on gastric inflammation in vivo. Wild-type H pylori
caused typical severe gastritis in gerbils whereas the wirD4
mutants caused very low levels of gastric inflammation,
mucosal proliferative activity, and mucosal IL-1p levels
throughout the first 12 weeks. H pylori density was similar
with the different inocula, confirming that the differences
were not due to bacterial load. At 24 weeks, the degree of
gastric inflammation and proliferative activity in gerbils
infected with the virD4 mutants increased, reaching levels
comparative with those seen at four weeks with the wild-type
strains. H pylori density in the antrum at 24 weeks in gerbils
infected with the virD4 mutants was significantly higher than
that with wild-type H pylori (p=10.03). Lack of acute
inflammation might help growth of the wvirD4 mutants;
however, it remains unclear whether it is sufficient to explain
the results.

Mucosal IL-1§ levels at 24 weeks were similar for virD4
mutants and wild-type infections. IL-1p levels with the wild-
type strains were maximal at four weceks in the corpus and at
12 weeks in the antrum. In gerbils and in mice, IL-1f mRNA
levels do not mirror chronic mucosal inflammation.” * In
contrast, in humans, IL-1 levels are consistently elevated in
H pylori infected gastric mucosa.” IL-18 mRNA levels in the
corpus were very low in the chronic phase of the infection,
suggesting that induction of acute inflammation rather than
inhibition of gastric acid secretion®* is the main role of
IL-1B in gerbils. Probably the most important proinflamma-
tory cytokine in the gastric mucosa is IL-8. Gerbils do not
encode an IL-8 gene, as cross species RT-PCR techniques
failed to identify an IL-8 gene {unpublished observation). We
selected IL-1B based on the fact that in humans, mucosal IL-8
levels were closely correlated with mucosal I1-15 levels.” *
Future studies will examine cytokine expression using IL-8
families such as KC which behave like IL-8 in mice.

With the wild-type sirains, the degree of gastric inflammma-
tion reached maximal levels at 12-26 weeks and proliferative
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activity at four weeks.” * ** Loss of the virD4 gene ternporally
retarded but did not abrogate H pylori induced gastric
inflammation, and proliferative activity with the virD¢
mutants was similar to that with the wild-type strains at
24 weeks. We did not examine animals beyond 24 weeks and
can only speculate regarding later time points.

The virB4 (cagE) knockout mutants produce mild gastritis
and not gastric ulcers.”"* VitB4 is a major component of the
type IV secretion system such that loss of the cagE gene
results in loss of CagA translocation/phosphorylation as well
as loss of host cytoskeletal rearrangement and IL-8 induc-
tion.> ** ** Although the virD4 mutants also lose the ability to
translocate CagA into host cells, cagA mutants can produce
inflammation® consistent with in vitro studies showing that
CagA is not responsible for IL-8 induction. Lack of
inflammation with the virD4 mutants in the fivst 12 weeks
suggests the absence of as yet unidentified factors that
translocate into epithelial cells using the type IV secretory
pathway or interact with the type IV secretion system. Several
factors other than the cag PAL in particular OipA as one of
the outer membrane proteins, are related to induction of
mucosal IL-8 and gastric inflammation. * ** In addition, cay
PAT status is closely velated to OipA status {for example, if the
strains possess the cag PAIL strains almost always possess
functional OipA).** However, possible interactions between
OipA and cag PAI were not examined in these experiments.

The cagG mutants did not produce an inflarnmatory
response oy increase proliferative activity, most likely related
to their poor ability to colonise gerbil gastric mucosa. The
cagG gene is not a vir homologue gene and has a weak
homology to the flagellar motor switch protein gene or toxin
coregulated pilus biosynthesis protein gene* The current
consensus is that loss of the cqgG gene also results in loss of
CagA translocation/phosphorylation.® ¥ Recent reports sug-
gest that isolates lacking cggG genes have decreased
adherence to epithelial cell lines.*” An in vivo study has
shown no relationship between cagG and clinical outcome®;
the population studied (Chinese) were predominantly
infected with cag PAI positive strains such that the effect of
the cag; gene could not be examined. Most reports, including
our present study, suggest that loss of the cagG gene results in
almost complete elimination of H pylori induced IL-8
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induction.® ¥ However, a recent report suggested that precise
deletion of the cqyG gene resulted in no reduction in IL-8
induction.” Gerbils infected with cqgG mutants showed no
inflanuimation although the H pplori density score was
generally equivalent to wild-type strains or virD4 mutants
(fig 5). From these data it is not possible to define whether or
not the lack of inflammation with cagG mutants is related to
recuced colonisation, loss of the type IV secretion system, or
both. Complementation experiments will he needed to
resolve this issue,

Our current hypothetical model is presented in fig 8. VirD4
is thought to act as an adapter protein for the transfer of
CagA protein and possibly other unknown proteins (D4
dependent) into the transfer channel formed by other Vir
proteins in the cag PAL We also hypothesise the presence of
unknown proteins independent of VitD4. As virD4 mutants
are unable to translocate CagA as well as any D4 dependent
factors, loss of CagA effects and loss of D4 dependent factors
occurs. However, it is possible that D4 independent factors
may be translocated into cells or interact with the type IV
secretion system, inducing chronic inflammation. cagG
mutants have decreased adherence to epithelial cells and
reduced ability to colonise gerbils. In addition, they are
unable to translocate CagA and any D4 dependent or
independent factors due to loss of functional transporter
system such that inflammation would not be expected.
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