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Abstract

Genetically-engineered animals are known to be useful
in clarifying the functions of many genes and as animal
models for human diseases. However, it has been
widely reported that pathophysiology is not expressed
in these animals when they become germfree or SPF
animals, i.e., the pathophysiology is not the result of
genes alone and a combination of gene function and
intestinal pora as an environmental factor are necessary.
It is important to determine the roles of each of these two
factors by pathophysiological analysis. Gnotobiotic mice
were produced by establishment of speciyed bacterial
species in germfree animals to form the intestinal pora
of SPF animals and they were placed in barrier facilities.
Measures have been taken against infections by bacteria
such as Pseudomonas aeruginosa and Enterobacter
cloacae. In addition, gnotobiotic mice with a highly
normal physiology are required. Analysis of the effects
of each bacterial species and combinations of bacteria
on in vivo functions, i.e., the cross-talk between the host
and intestinal pora, is essential in the creation of better
laboratory animals. Monitoring of the intestinal pora, a
key factor in the colonies produced, is a topic for future
research.

Introduction

In laboratory animals, the phenotype is formed by the
effect of the developmental environment on the genotype.
Then the effects of the rearing environment or proximate
environment are added and ynally the dramatype is
determined as the result of an experiment (Russel and
Burch, 1959) (Figure 1).

Environmental control is performed together with
genetic control not only in animal models for human
disease but also as one aspect of the modernization of
laboratory animals. Environmental factors include the
living environment and microbiota. The former is rather
well controlled in terms of both equipment and regulations.
In microbiological control, it is necessary to include not
only pathogenic microorganisms but also bacterial groups
required for the composition of the indigenous pora
(Figure 2). Table 1 shows the results of tests on fecal pora
of mice with developmental abnormalities or postmortem
when germfree (GF) animals were placed directly in
barrier facilities. It was clear that the composition of
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Figure 1. Control of Dramatype as the character of experimental animals.
Genotype is modiyed by the developmental environment and forms the
Phenotype. Dramatype is characterized as Phenotype-added proximate
environmental factors, e.g. food, housing condition and microbiota.

the intestinal pora was abnormal. Enterobacteriaceae
and Pseudomonas aeruginosa were detected at high
counts. Lactobacillus was not detected but Clostridium
perfringens was. The reason for this is that GF mice
in barrier facilities are easily colonized by different
microorganisms other than mouse indigenous intestinal
bacteria (Table 1). Therefore, gnotobiotic (GB) mice with
speciyc types of bacterial species established are used in
the production of SPF animals (Itoh et al.,1986; Orcultt et
al., 1987).

Ithas become easy to produce genetically-engineered
animals such as transgenic and knockout mice, and the
functions of many genes have been clariyed. However,
many reports have indicated that pathophysiology of
these animals as human disease models can no longer be
observed when the animals are cleaned by establishing
them as germ-free or SPF animals (Matsumoto et al.,
1979; Kullberg et al., 1998; Narushima et al., 1998; Kado
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Figure 2. Barrier system.
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Table 1. Abnormal fecal pora of mice in barrier-sustained colony

Mice (7-week-old) 2

Bacteria 1 2 3 4
Enterobacteriaceae 6.5° 7.1 8.0 7.3
Streptococci 7.0 6.9 6.4 6.7
Staphylococci 6.2 5.4 4.3 4.0
Bacilli 3.0

P. aeruginosa 5.3 4.7 4.8 35
Lactobacilli

Biydobacteria

Eubacteria 9.6

Bacteroidaceae 10.0 10.1 9.8 9.9
Clostridia 9.6 8.0 7.3 8.0
C. perfringens 8.2 7.0 7.0 8.8
Fusiform bacteria 8.7 9.5 9.9 8.9
Total count 10.4 10.3 10.1 10.1

aGermfree ICR mice were transferred from germfree isolators into a
new established barrier-sustained colony without any association with
intestinal bacteria.

b L og. number of bacteria/g-feces

et al., 2001; Noguchi et al., 2002). Control of the intestinal
pora must be reconsidered in terms of the expression
of pathophysiology. The intestinal pora is one of the
accessory factors of in vivo response, suggesting that it
also has a major effect on the expression of the genes in
the body itself. Genetically engineered animals provide
new tools for research on intestinal pora.

Intestinal flora and the dramatype

It is already well known that intestinal pora has a major
effect on the in vivo physiology, but the availability
of genetically engineered animals has led to a
reconsideration of the important effect that the intestinal
pora has on the expression of pathophysiology.

In a study in which various gnotobiotes were
produced by establishing germfree C3H/He male mice
and the spontaneous occurrence of liver cancer was
compared, it was reported that the carcinogenesis was
inhibited or promoted depending on the species of
bacteria established in the intestine. The carcinogenesis
rate was 30% in germfree mice and 75% in
conventionalized mice. In gnotobiotic mice administered
four strains including Escherichia coli, Streptococcus
faecalis (currently Enterococcus faecalis) and two strains
of Clostridium paraputriycum isolated from humans, the
carcinogenesis rate was 100%. Carcinogenesis was
promoted by intestinal pora. However, when one strain of
Biydobacterium longum was added to these four strains,
the carcinogenesis rate was reduced to 46%, the same
rate as that in mice administered only B. longum. It was
clear that intestinal pora is involved in the expression of
pathophysiology at the gnotobiote level (Mizutani and
Mitsuoka, 1979).

In the relation between the intestinal pora and the
expression of pathophysiology, attention is currently
focused on the disease model of inpammatory bowel

disease (IBD) (Matsumoto et al., 1979). Among the IBD
models produced by gene targeting, severe intestinal
inpammation is observed in IL-2, IL-10 and T-cell-receptor
| chain knockout mice. CD4+ T-cells are involved in IBD
in these mice, but the lesions cannot be observed if the
animals become germfree or SPF (Sadlack et al., 1993;
Sellon et al., 1998; Dianda et al., 1997), suggesting that
intestinal pora plays an important role in activation of
CD4+ cells. In IL-10 knockout mice, it has been reported
that enteritis caused by Helicobacter hepaticus does not
occur when they become germfree (Kullberg et al., 1998).
In the SAM PL1/Yit strain of progressive aging mice, a
spontaneous onset model, intestinal inpammation does
not occur if the mice become germfree (Kado et al.,
2001).

In transgenic mice produced to analyze the
pathophysiology of familial amyloidotic polyneuropathy,
a form of systemic amyloidosis (mice carrying a human
mutant transthyretin gene), amyloid deposits in various
organs are no longer observed when the conventional
mice become SPF. However, since the concentration of
mutant protein in the blood does not change, it appears
that environmental factors, including intestinal pora,
affect the amyloid deposits (Noguchi et al., 2002). The
authors found that no amyloid deposits appeared after
SAM P/l mice became SPF. It has also been reported
that intestinal pora plays an essential role in the formation
of adenocarcinoma in the T-cell receptor }-chain and
p53 double knockout mice, a model of colorectal
carcinogenesis (Kado et al., 2001).

The rasH2 mice carrying the c-Ha-ras gene, a human
oncogene, show a high susceptibility to carcinogens
with genotoxicity (Yamamoto et al., 1996). When
rasH2 mice were inoculated subcutaneously with 1,2-
dimethylhydrazine (DMH), they develop colorectal cancer
at a high frequency. However, in germfree rasH2 mice,
the number of mice showing carcinogenesis did not differ
from that of SPF mice, but the number of tumors and tumor
scores (number of tumors x tumor size) were markedly
reduced. It is interesting that in control mice without
the c-Ha-ras gene, tumorigenesis is markedly inhibited
in SPF mice, but in germfree control mice, the same
level of tumorigenesis as in germfree rasH2 mice was
observed. When colorectal carcinogenesis in gnotobiotic
mice obtained by introducing various combinations
of intestinal bacteria into germfree rasH2 mice was
compared with human pora associated mice administered
human feces of different origins, major differences were
found depending on the composition of pora present in
the intestines. However, in both gnotobiotic and human
pora-associated mice, the tumor scores were lower than
in the SPF mice. Colorectal carcinogenesis by inoculation
with DMH shows changes in the ynal degree based on
the combination of the c-Ha-ras gene and intestinal pora
(Narushima et al., 1998) (Table 2).

The rasH2 mice shows marked inhibition of
DMH-induced colorectal cancer when apple pectin or
fermentation products of Biydobacterium longum were
added to the ordinary diet, but these inhibitory effects are
not observed in control mice (Ohno et al., 2000).

The functions of the human c-Ha-ras gene in the rasH2
mice have already been conyrmed, but it was suggested






