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Summary, Five polymeric materials (3 polyvinyl
chlorides, 1 polyhydroxyethyl methacrylate, and 1 di-
methyl polysiloxane) were implanted into sub-
cutaneous (SC) tissues of rats. Subcutaneous tumors
developed in all experimental groups. The incidences
of the tumors differed however, although the ex-
perimental conditions were the same for all these ma-
terials. This result indicates that chemical characteris-
- tics of the materials may influence the incidence of SC
tumors. From the histological and electron-micro-
scopic findings many of these tumors were diagnosed
as malignant fibrous histiocytomas,

Key words: Malignant fibrous histiocytoma — Poly-
mers — Foreign-body tumorigenesis — Rats

Introduction

Turner (1941) first reported foreign-body tumorigen-
esis and there have been many subsequent reports on
this subject (Bischoff and Bryson 1964; Brand et al.
1975a,b; Carter et al. 1971; Druckrey and Schmaéhl
1952; Hueper 1964; Nothdurft 1955; Nothdurft and
Mohr, 1958; Oppenheimer et al. 1948, 1955; Stinson
1964).

These workers reported that the size and/or shape
of implanted materials was the most important factor
in the induction of tumors. Concerning the histology
of foreign-body tumors, Oppenheimer et al. (1955) re-
ported earlier that almost all were fibrosarcomas.
Thereafter, Johnson et al. (1973) suggested that these
tumors arose from pluripotential mesenchymal cells.

In the present study, we compared the tumorigenic
activities of five polymeric materials following im-
plantation into the subcutaneous (SC) tissue of rats.

Materials and Methods

Five kinds of sterilized sheét materials 0.3-0.5 mm in thickness, be-
ing three plasticized polyvinyl chiorides (PVC), one polyhy-

* Supported by grants from the Science and Technology Agency of
Japan
Offprint requests to: A. Maekawa (address see above)

droxyethyl methacrylate (HEMA), and one dimethy! polysiloxane
(silicone), were cut into 10 x 20 mm pieces.

Slc; Wistar rats (Shizuoka Laboratory Anima] Center, Hama-
matsu) aged 11 weeks were divided into five experimental groups
each consisting of 20 males and 20 females and one control group
consisting of 12 males and 12 females: Group ! received PVC-I;
group 2, PVC-2; group 3, PVC-3; group 4, HEMA and group 5,
sificone; group 6 was the control group. The test materials were im-
planted in the SC tissues (the interscapular region) of animals in each
experimenta] group. All animals were maintained on CE-2 basal diet
(CLEA Japan Inc., Tokyo) and tap water, .

All animals were allowed to live for 2 years, when all survivors
were sacrificed. Dead or moribund animals were autopsied and ex-
amined for the development of tumors in the SC tissue and other or-
gans. Tumors and all organs were fixed in buffered 10% formelin -
and the sections were routinely stained with hematoxylin and eosin,
Some of the SC tumors were stained with PAS, PTAH, Azan, van-
Gieson, and silver stains, in addition to hematoxylin and eosin. Sev-
eral tumor samples were also examined by electron microscopy.

Results and Discussion

The incidences of SC tumors and mean survival times
of rats in each group are shown in Table I. Sub-
cutaneous tumors were detected in all groups except
the control group. The incidences of the tumors, how-
ever, were different in the various groups, although
the materials were all tested in the same experimental
conditions. The incidence was highest in group 3, fol-
lowed in declining order by group 4, group 2, group 1,
and group 5. The incidences of the tumors in males of
group 3 and both sexes of group 4 were significantly
higher than those in each sex of group 5 (y? test, P<
0.05), and the incidence in females in group 3 was
higher than in group 5 females (P< 0.01) and group 1
females (P < 0.05). The reason for the differences in
the tumor incidence is obscure. But HEMA is report-
ed to be degraded in SC tissue, and it seems rather ac-
tive and unstable in the animal body (Kojima et al.
1974). Medical-grade PVC materials are known to
contain many plasticizers, and the types and amounts
of plasticizers in PVC differ with the manufacturer
(Watanabe et al. 1978). On the other hand, silicone
has been said to be stable. These chemical characteris-
tics of the materials may influence the incidence of SC
tumors, although the chromosomal aberration tests in
mammalian cells and mutation tests in micro-or-
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Table 1. Incidences of subcutaneous tumors and mean survival times
of rats after implantation of polymeric materials

Group Material Sex No. of rats Mean
survival
Tumor- With time
bearing/ subcutaneous (weeks)
effective  tumors (%)
1 PVC1 M 11417 3(18) 79 (62~ 93)
F 10/20 5 (25) 85(39-104)
2 PVC2 M 12/15 5(33) 76 (59- 98)
F 13720 6 (30) 89 (63-104)
3 PVC3 M 13/18 8 (44)° 75 (47~ 95)
 F 16/20 13 (65)® 84 (46-104)
4 HEMA M 14/19 7(37)° 72(33- 98)
F 16/20 9 (45)° 78 (32-101)
5 Silicone M 11/14 1 () 89 (67— 98)
F 8/19 2(11) 89 (48-104)
6 Control M 8/10 0 81 (68— 91y
F 5/12 0 95 (57-104)

® Significant difference in each sex from group § (y? test, P>0.05),

" ® Significant difference from females in group 5§ (P<0.01) and in
group 1 (P <0.05)

ganisms with extracts from the same materials as were
used in this study were all negative.

. In addition to SC tumors, many other tumors were
observed in all groups, including the control group.
Histological findings in other tumors were similar to
those in spontaneous tumors observed in this strain of
rats, as reported previously (Maekawa et al. 1983).

All SC tumors were detected in the back, where
samples were implanted, and almost all implanted
samples were involved in the tumors. Histologically,
these tumors were variegated, but there were no histo-
logical differences within the groups. Almost all were
mesenchymal tumors with spindle cells arranged in a
storiform pattern, with sheets of histiocyte-like cells, or
pleomorphic giant cells. Many mitotic figures were
observed. No cross striation was detected in any tu-
mors. Nine samples of a total of 59 SC tumors were
examined by electron microscopy, which revealed a
mixture of fibroblast-like cells, histiocyte-like cells,
and undifferentiated cells in these tumors. From these
histological and electron microscopic findings, 53 of
59 tumors were diagnosed as malignant fibrous histio-
cytomas. Johnson et al. (1973) suggested that SC tu-
mors induced by the implantation of foreign bodies
arose more often from the nonfibroblastic pluripoten-
tial mesenchymal cells than from fibroblasts, although
Oppenheimer et al. (1955) reported earlier that almost
all of these tumors were fibrosarcomas and Carter
(1973) also reported that fibrosarcomas are the most
frequent soft-tissue tumors in rats. On the other hand,
it has been suggested during the last two decades that
malignant fibrous histiocytomas are the most com-

365

mon type of soft-tissue tumors in humans. Many of
the tumors observed in this study had the same histo-
logical and electron microscopic characteristics as ma-
lignant fibrous histiocytomas in humans and also as
malignant fibrous histiocytomas induced in rats by SC
injection of chemical carcinogens (Maekawa et al.
1982). These findings indicate that malignant fibrous
histiocytomas are the most common SC tumors not
only in humans but also in rats.
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SUMMARY

Five kinds of plastics (3 polyvinyl chlorides, 1 polyhydroxyethyl metacrylate
and 1 dimethyl polysiloxane) were implanted into subcutaneous tissues of Wistar
rats of both sexes. Subcutaneous tumors developed in all experimental groups.
The incidences of the tumors, however, differed from each other, although
these materials were tested on the same experimental condition. This result
indicates that chemical characters of the materials may influence the incidence .
of subcutaneous tumors. Histologically, most of these subcutaneous tumors
were mesenchymal tumors with spindle cells arranged in a storiform pattern,
with sheets of histiocyte-like cells or pleomorphic giant cells. Electron micro-
scopy showed mixture of fibroblastic cells, histioeytic cells and undifferentiated
cells in these tumors. From these histological and electron microscopical
findings, many of the tumors were diagnosed as malignant fibrous histiocy-
tomas.

Key words ;: Foreign-body tumorigenesis, Plastics, Malignant fibrous histiocy-

toma, Rat
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Turner (1941) first reported foreign-body tumorigenesis and there are many sub-
sequent reports on this subject (Bischoff and Bryson 1964 ; Brand et al. 1975a, 1975b,
1977 ; Carter et al. 1971 ; Druckrey and Schmihl 1952 ; Hueper 1964 ; Nothdurft 1955,
1958 ; Oppenheimer et al. 1948, 1955; Stinson 1964j. These workers reported that the
size and/or shape of implanted materials was the most important factor in induction of
tumors. On the other hand, concerning the histology of fereign-body tumors, Op-
penheimer et al. (1955) reported earlier that almost all were fibrosarcomas. There-
after, Johnson et al. (1973) suggested that these tumors. arose from pluripotential
mesenchymal cells,

In the present study, we compared the tumorigenic activities of five kinds of plastics
(3 polyvinyl chlorides, 1 polyhydroxyethyl methacrylate and 1 dimethyl polysiloxane),
that are used clinically, by implanting them into the subcutaneous tissue of rats and
investigated the morphological findings of the induced subcutaneous tumors by light
and electron microscopy. A short report on this subject is to be published (Maekawa et
al. 1984).

MATERIALS AND METHODS

Five kinds of sterilized sheet materials of 0.3-0.5 mm in thickness; 3 plasticized
polyvinyl chlorides (PVC), 1 polyhydroxyethyl methacrylate (HEMA), and 1 dimethyl
polysiloxane (silicone), were provided by Dr. T. Ooba, Department of Medical Supplies,
National Institute of Hygienic Sciences, Tokyo. These sheet materials were cut into
10X 20 mm pieces with scissors before use.

Eleven weeks old Slc: Wistar rats, purchased from Shizuoka Laboratory Animal
Center (Hamamatsu), were divided into five experimental groups each consisting of 25
males and 25 females, and 1 control group consisting of 15 males and 15 females : Group
1, PVC-1; Group 2, PVC-2; Group 3, PVC-3; Group 4, HEMA ; Group 5, silicone and
Group 6, control. The test materials were implanted in the subcutaneous tissues (the
interscapular region) of animals in each experimenial group. All animals were main-
tained on CE-2 basal diet (CLEA Japan Inc., Tokyo) and tap water.

For observation of early histelogical changes in the subcutaneous tissues in which
materials were implanted, 5 males and 5 females in each experimental group, and 3 males
and 3 females in the control group were sacrificed at week 13 after implantation. The
remaining animals were allowed to live for 2 years, and then all survivors were sacri-
ficed. Dead or moribund animals were autopsied completely, and examined for de-
velopment of tumors in the subcutaneous tissue and other organs. Tumors and all
organs were fixed in buffered 109 formalin and the sections were routinely stained with
hematoxylin and eosin. Some of subcutaneous tumors were stained with PAS, PTAH,
Azan, van-Gieson and silver stains, in addition to hematoxylin and eosin. Several

samples of the tumors were also examined by electron microscopy.
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RESULTS

At week 13, all implanted materials were covered with thin capsules. Histologi-
cally, these capsules were composed of hyalinizated connective tissues. Slight infilt-
ration of small round cells and macrophages, and proliferation of capillary vessels and
fibroblast-like cells were observed, but no atypical cell growth was detected in any rats.
The maximum thickness of these capsules in each group was calculated and it was about
0.21-0.30 mm, and there was no difference on the mean thickness among the experi-
mental groups.

The incidences of total and subcutaneous tumors and mean survival times in each
group are shown in Table 1. The first tumor was seen in a rat autopsied in week 32

Table 1 Incidences of Subcutaneous Tumors in Rats After Implantation of Various
Kinds of Plastics

No. of rats
Group Material Sex
initial effec- tumor- with subcutaneous Mean survival
tive  bearing (%) tumors (%) time (w)
1 PVC-1 M 20 17 11(65) 3(18) 79(62- 93)
) F 20 20 10(50) 5(25) 85(39-104)
2 PVC-2 M 20 15 12(80) 5(33) 76(59- 98)
F 20 20 13(65) 6(30) 89(63~104)
3 PVC-3 M 20 18 13(72) 8(44) ** 75(47- 95)
. F 20 20 16(80) * 13(65) *** 84 (46-104)
4 HEMA M 20 19 14(74) 7(371)** 72(33- 98)
‘F 20 20 16(80) * 9(45) ** 78(32-101)
5 silicone M 20 14 11(79) 17 89(67- 98)
F 20 19 8(42) 2(11) 89(48-104)
6 control M 12 10 $(80) 0 81(68~ 91)
F 12 12 5(42) 0 95(57-104)

*  Significant difference from females in Group 6 (X*test, p<0.05).
“* Significant difference from each sex in Group 5 (p<0.05).
**+ Significant difference from females in Group 5 (p<0.01) and in Group 1 (p<0.05).

after implantation. All rats surviving beyond this time were counted in effective
numbers, except several rats in which autolysis was too advanced to allow histological
examination. In males, there was no significant difference in the incidences of total
tumors between each experimental and control group. On the other hand, in females,
the incidences of total tumors in all experiinental groups except Group 5 were higher
than that in the control group, and the incidences in Group 3 and 4 were significantly
higher than that in the control group (x°test, p<0.05). Subcutaneous tumors were
detected in all groups eicept the control group, although the incidences differed in each
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group. The incidence was highest in Group 3, followed in order by those in Group 4,
Group 2, Group 1 and Group 5. The incidences in males of Group 3 and both sexes of
Group 4 were significantly higher than those in each sex of Group 5(x? test, p<0.05), and
the incidence in females of Group 3 was higher than those in females of Group 5 (p <0.01)
and Group 1 (p<0.05).

All subcutaneous tumors were detected in the back where samples were implanted.
Almost all implanted samples were involved in the tumors. Samples were sometimes
found folded or rolled in the tumors and many films of the materials other than silicone
were brittle. Tumors were round or oval in shape and white or brown in color. The
tumors differed in size : the largest weighing 150 g measured 87 X 67X 68 mm, and the
smallest was the size of a soy-bean. Histologically, these subcutaneous tumors were
variegated, but there was no histological differences in the groups. Almost all were
mesenchymal tumors with spindle cells arranged in a storiform pattern, with sheets of
histiocyte-like cells, or pleomorphic giant cells (Photos 1-3). In some cases, matrix of
the tumors showed myxoid or osteoid-like and in 2 cases ossification was marked.
Many mitotic figures were observed. No cross striation was detected in any tumors.
Nine samples of a total of 59 subcutaneous tumors were examined by electron micro-
scopy. Electron microscopy showed a mixture of fibroblast-like cells, histiocyte-like
cells and undifferentiated cells in these tumors. Fibroblast-like cells were mostly
elongated or polygonal in shape and had smooth or slightly lobulated nuclei. Their
cytoplasm contained abundant rough-surfaced endoplasmic reticulum and also other
cytoplasmic organellae in various developmental stages. On the other hand, histiocyte
-like cells varied in shape and had round or reniform nuclei. The cytoplasm contained
‘abundant ribosomes and moderate amounts of smooth or rough surfaced endoplasmic
reticulum. Dilated endoplasmic reticulum and intracytoplasmic actin-like filaments
were observed in some cases. From these histological and electron microscopical
findings, 53 out of 59 subcutaneous tumors were diagnosed as malignant fibrous histiocy-
tomas, as shown in Table 2. As other subcutaneous tumors, 5 fibrosarcomas and 1
fibroma were detected. Only 7 of 59 tumors metastasized to the remote organs such as
the lung, and 6 of these 7 tumors were malignant fibrous histiocytomas.

In addition to subcutaneous tumors, many other tumors were observed in all groups
including the control group. ‘Tumors of the testis/uterus and leukemias were the most
common and were detected in all groups. Tumors were also detected in various organs,
but at low incidences. In any experimental groups, no significant increase in the
incidence of these tumors was observed. Histological findings of these tumors were
quite similar to those of spontaneous tumors observed in this strain of rats, as reported
previously (Maekawa et al. 1983).

In the back of rats without subcutaneous tumors, implanted samples were enclosed
in capsules. The thickness of these capsules were the same or slightly more than that
of capsules at week 13. In some cases, however, atypical cell proliferation wa_é detected
in the inner layer of the capsules (Photo 4) and some of these lesions were diagnosed as
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pre-neoplastic or early neoplastic changes. These lesions were observed in all experi-
mental groups, although the incidences were low and there was no difference in each

group.
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Photo. 1. Malignant fibrous histiocytoma, (fibroblastic type) with prominent storiform

pattern, observed in a female rat in PVC-1 group killed at the 86th week.

Hematoxylin and Eosin. (x100)
515 QR H

Gg;i&.mﬁ.ei A
S s @a o %a

g 050 v o%e .
}_{g;,,i:;.‘w . g %‘

Photo. 2, Malignant fibrous histiocytoma (histiocytic type) of a male rat in HEMA
group killed at the 40th week. Diffuse proliferation of histiocytic cells with

glassy cytoplasm is prominent. H & E. (x100)
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Py R

toma (pleomorphic type) of a male rat in PVC-3

ks

Photo. 3. Malignant fibrous histiocy

group killed at the 46th week. Pleomorphic giant cells with bizarre nuclei
admixed with histiocyte-like cells are shown. H & E. (x200)

Photo. 4. A capsule of a female rat without subcutaneous tumors in PVC-2 group killed
at the 89th week. Atypical cell proliferation is observed at the inner layer
of the capsule, H & E. (x200)
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Table 2 Histological Classification of Subcuta-
neous Tumors Induced by Various Kinds -
of Plastics

Malignant fibrous histiocytoma

fibroblastic type 28 (4)*
histiocytic type 15 (2)*
pleomorphic type 10
Other tumors
Fibroma
Fibrosarcoma : 5 (1)*
Total 59 (7)*

* No. of rats with metastasis to remaote organs

DISCUSSION

In this study, many tumors including subcutaneous tumors were observed. Except
subcutaneous tumors, other tumors such as tumors of the testis, uterus, hematopoietic
organs and endocrine organs are observed spontaneously at relatively high incidences in
this strain of rats (Maekawa et al.1983). All subcutaneous tumors, however, were
detected in the back where samples were implanted and almost all implanted samples
were detected in the tumors. Therefore, all subcutaneous tumors observed in this study
were considered as induced tumors by implantation of polymers.

Earlier studies by Oppenheimer et al. (1948, 1955) and others (Bischoff and Bryson
1964 ; Brand et al. 1975a, 1975b, 1977 ; Carter et al. 1971 ; Druckrey and Schmihl 1952 ;
Hueper 1964 ; Imai and Masuhara 1979 ; Nothdurft 1955, 1958 ; Stinson 1964 ; Turner
1941) showed that subcutaneous sarcomas could be induced in rats and mice by
implantation of many kinds of foreign bodies; and the physical presence and nature of
the foreign body, not its chemical reactivity, were responsible for tumor development.
These workers also reported that the size and/or shape of implanted materials was
important factors in induction of tumors, and all kinds of sheet materials of more 10 mm
in diameter produced tumors. In this study, test materials as sheets of 10x20 mm
induced tumors in all experimental groups. This result was consistent with the data of
others. In this study, however, the incidences of the tumors were different in groups,
although these materials were tested on the same experimental condition. The reason
for the difference in the tumor-incidence is obscure, But medical grade PVC materials
are known to contain many plasticizers, and the types and amounts of plasticizers in
PVC differ with the manufacturer (Watanabe et al, 1978). HEMA is reported to be
degraded in subcutaneous tissues and it seem rather active and unstable in the animal
body (Kojima et al. 1974). On the other hand, silicone has been said to be stable. These
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chemical characters of the materials may influence the incidence of subcutaneous
tumors, although the chromosomal aberration tests in mammalian cells and the mu-
tation tests in microorganisms with extract from the same materials used in this study
were all negative,

Johnson et al. (1973) suggested that subcutaneous tumors induced by implantation of
foreign-bodies arose more often from the non-fibroblastic pluripotential mesenchymal
cells than fibroblasts, although Oppenheimer et al. (1955) reported earlier that almost all
of these foreign-body sarcomas were fibrosarcomas, and Carter (1973) reported also
that fibrosarcomas are the most frequent soft-tissue tumors in rats. On the other
hand, it has been suggested during the last 2 decades that malignant fibrous histio-
cytomas are the most common type of soft-tissue tumors in humans. In our study,
many subcutaneous tumors had the same characteristics to histological and electron
microscopical findings of malignant fibrous histiocytomas in humans, and also those of
the tumors induced by subcutaneous inject'ions of chemical carcinogens in rats (Konishi
et al. 1982 ; Maekawa et al. 1982 ; Takahashi et al. 1982). These findings indicate that
malignant fibrous histiocytomas are the most common subcutaneous tumors not only in
humans but also in rats.

~ Karp et al. (1973) reported that tissue anoxia was not so important in foreign-body
tumorigenesis. Brand et al. (1975a) reported several stages in foreign-body tumori-
genesis : preneoplastic cells accumulate in the tissue outside of the capsule at an early
stage and then they migrate into the inner layer of the capsule, attach to the foreign
-body and proliferate. Imai and Masuhara (1979) reported that the thickness of the
capsule is very important in foreign-body tumeorigenesis. In this study, histological
observation of subcutaneous tissues in rats without subcutaneous tumors indicate that
atypical cell growth or preneoplastic changes occurred first not in the tissue outside of
the capsule, but in the inner layer of the capsules. This finding suggests that the
capsule produced around the foreign-body has the most important role in foreign-body

tumorigenesis, as reported by others.
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ABSTRACT

Two glutathione peroxidase (GPX) isozymes, GPX-1 and GPX-2 (GPX-
GI), are the major enzymes that reduce hydroperoxides in intestinal
epithelium. We have previously demonstrated that targeted disruption of
both the GpxI and Gpx2 genes (GPX-DKO) results in a high incidence of
ileocolitis in mice raised under conventional conditions, which include the
harboring of Helicobacter species [non-specific-pathogen-free (non-SPF)
conditions]. In this study, we have characterized GPX-DKO mice that
have microflora-associated intestinal cancers, which are correlated with
increased intestinal pathology/inflammation. We found that GPX-DKO
mice raised under germ-free conditions have virtually no pathology or
tumors.After colonizing germ-free mice with commensal microflora with-
out aniiknown pathogens (SPF), <9% of GPX-DKO mice develop tumors

s the ileum or the colon. However, about one-fourth of GPX-DKQO mice

aised under non-SPF conditions from birth or transferred from SPF
conditions at weaning have predominantly ileal tumors. Nearly 30% of
tumors are cancerous; most are invasive adenocarcinomas and a few
signet-ring cell carcinomas. On the basis of these results, we conclude that
GPX.-DKO mice are highly susceptible to bacteria-associated inflamma-
tion and cancer. The sensitivity exhibited in these mice snggests that
peroxidative stress plays an important role in ileal and colonic pathology
and inflammation, which can lead to tumorigenesis.

INTRODUCTION

Enteric microflora begin to colonize the gut at birth and affect
development and maintenance of the mucosal immune response and
epithelial cell functions (1). Recently, commensal bacteria have
emerged as cofactors in the development of ileocolitis and intestinal
malignancies. Human inflammatory bowel disease (IBD), which in-
cludes Crohn’s disease and uicerative colitis, increases cancer risk by
20--30-fold in patients with prolonged IBD histories (2). Many mouse
models have been generated to facilitate studying the etiology, pre-
vention, and treatment of IBD and gastrointestinal cancer associated

ith IBD. The essential role of enteric microflora in ileocolitis-
associated cancer has been established in several of these mouse
idiopathic IBD models with defects in the immune response. Inter-
leukin (I1)-2 KO, IL-10 KO, T-cell receptor /p53 DKO, or tumor
growth factor 1/Rag-2 DKO mice, when maintained under germ-free
(GF) conditions, fail to develop severe inflammation, as well as small
intestinal or colonic cancers that often occur when those animals are
raised under conventional housing conditions (3—6). Because micro-
flora can modulate epithelial cell signaling for immune reactions
(7-9), this may explain the susceptibility of these immune-compro-
mised mice to the development of IBD. Because GPX-DKO mice
have an intact immune system at the outset of these studies, the role

Received 7/24/03; revised 11/12/03; accepted 11/19/03.

Grant support: NIH Grant RO3 ES11466 (to F-F. Chu), National Cancer Institute
Grant CA 33572 (to J. H. Doroshow), a Department of Veterans Affairs Merit Review
Program (to M. M. Huycke), and Broad Medical Research Program, Inflammatory Bowel
Disease Grant IBD-0050 (to R. S. Esworthy). N

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance with
18 U.5.C. Section 1734 solely to indicate this fact.

Requests for reprints: Fong-Fong Chu, Department of Medical Oncology, City of
Hope Comprehensive Cancer Center, 1500 East Duarte Road, Duarte, CA 91010-3000.
Phone: (626) 256-4673, ext, 63831; Fax: (626) 301-8898; E-mail: fchu@coh.org.

962

of microflora on the subsequent development of any pathological
condition in these mice was unclear.

Glutathione peroxidases (GPX) are a family of four selenium-
dependent antioxidant enzymes in mice (five in humans; Ref. 10) that
reduce H,0, and organic hydroperoxides by oxidizing glutathione.
Taken together, the ubiquitous GPX-1 and epithelium-specific GPX-2
contribute nearly all glutathione-dependent H,O,-reducing activity in
the intestinal epithelium (11). We have previously reported that GPX-
DKO mice, with targeted disruption of Gpx! and Gpx2 genes, exhibit
ileocolitis between 2 and 7 weeks of age, which is accompanied by
accumulation of lipid hydroperoxides, weight loss, and proctitis (12).
Because some colitis models such as Mdrl-K.O mice do not appear to
develop cancer (13, 14), we set out to determine whether GPX-DKO
mice would develop intestinal cancer. Because most mouse IBD and
ileocolitis-associated cancer models are either immunodeficient or
defective in membrane.proteins that affect epithelial barrier integrity
(15, 16), showing that intracellular GPX activity could prevent
microflora-induced ileocolitis and cancer would strengthen the notion
that peroxidative stress is one basis for the pathogenesis of inflam-
mation-associated cancer. Although elevated reactive oxygen and
nitrogen species are recognized as an integral part of the pathophys-
iology of IBD, there is little evidence to specify the precise role of
hydroperoxides in IBD pathology (17, 18). Demonstrating that epi-
thelial GPX activity could inhibit both IBD and IBD-associated can-
cers might set the stage for the prevention of IBD-related cancers with
inhibitors of the major hydroperoxide-generating enzymes that reside
in the mucosal epithelium or inflammatory cells.

Qur original non-specific-pathogen-free (non-SPF) GPX-DKO
mouse colony harbors several enterohepatic Helicobacter species

‘such as H. hepaticus, which is widely spread in rodents (19). Although

H. hepaticus was originally identified as causing hepatitis and hepa-
tocellular tumors in A/JCr mice, its primary site of colonization is in
the intestine. Colonization of H. hepaticus to SPF mice causes ileo-
colitis and colon cancer in immune-deficient animals such as nude
mice, IL-10 KO, and T-cell deficient mice (20-22). However, H.
heparicus only induces mild or no colitis in SPF and immune com-
petent wild-type C57BL/6 and MdrI-KO mice (19, 23). In this article,
we address whether specific microflora are essential for ileocolitis and
its associated cancer in GPX-DKO mice by comparing the extent of
ileocolitis and cancer incidences in mice harboring non-SPF, SPF, or
no enteric microflora.

MATERIALS AND METHODS

Animals. GPX-DKO mice were generated by mating Gpax ™ Ysh/ini¥sh

(Gpx1-KO) and Gpx2'm2corm2Cel (Gpyx2-KO) mice. Both lines were on a
mixed C57BL/6) and 129Sv/] or 12983 mixed background, as we have
reparted previously (12). The original colony harbors Helicobacier species,
including H. hepaticus, evaluated by PCR on fecal samples (Missouri Univer-
sity Research Animal Diagnostic Laboratory). A GF GPX-DKO colony was
established by neonatal transfer at the Gnotobiotic Laboratory of the Univer-
sity of Wisconsin-Madison. Upon the closure of the University of Wisconsin-
Madison gnotobiotic facility, the GF colony was transferred aseptically to the
Gnotobiotic Laboratory kindly provided by Kathryn A. Eaton, DVM, Ph.D., at
Ohio State University-Columbus for an additional 5 months. To establish a
SPF colony, we have transferred GF mice from University of Wisconsin-



