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Abstract
Objectives—The use of silicone implants
in cosmetic and reconstructive surgery
has been implicated in the development of
autoimmune connective tissue diseases.
Previous investigation of the influence of
short-term silicone implantation using an
experimental model of rheumatoid ar-
thritis revealed no adverse influence upon
disease despite the generation of autoanti-
bodies against silicone bound proteins.
This study was designed to examine the
influence of long term implantation of dif-
ferent forms of silicone in collagen in-
duced arthritis.
Methods—DBA/1 mice were surgically
implanted with silicone elastomers, gel or
oil nine months before immunisation with
type II collagen emulsified in Freund’s
incomplete adjuvant. The incidence and
severity of arthritis, antibodies to type II
collagen, and serum cytokines were as-
sessed and compared with sham im-
planted mice. Silicone implants were
recovered, and autoantibodies to silicone
bound proteins evaluated in arthritic and
non-arthritic mice.
Results—Immunisation with CII/FIA re-
sulted in a 30% arthritis incidence in sham
implanted DBA/1 mice. Long term sili-
cone implantation resulted in an in-
creased incidence of arthritis, with a
significant increase of 90% arthritis in
animals implanted with silicone elastom-
ers. Animals implanted with silicone elas-
tomer also developed foreign body
sarcomas during the study. Serum con-
centrations of interleukin 10 were in-
creased in mice implanted with
elastomers and immunised with CII/FIA,
while interleukin 5 concentrations were
significantly diminished in these mice.
The production of autoantibodies to au-
tologous silicone bound proteins, includ-
ing anti-type I collagen antibody, was also
attributed to the implantation of either
silicone gel or silicone elastomer in type II
collagen immunised animals.
Conclusions—These data suggest that
long term silicone implantation results in
both the production of autoantibodies to
connective tissue antigens and increased
susceptibility to an experimental model of
autoimmune disease.
(Ann Rheum Dis 1999;58:503–509)

It is estimated that between 1 million and 2.2
million women have received silicone implants
for reconstructive or cosmetic surgery in the

United States and Canada since 1962.1 Sili-
cone was initially believed to be ideal for
implantation, because of the fact that it did not
seem to elicit a biological response. In recent
years, however, evidence has mounted suggest-
ing that silicone products may not be biologi-
cally inert, and that their implantation may
result in a variety of tissue and immunological
reactions.2 Silicone implants have been impli-
cated in the development of autoimmune con-
nective tissue diseases, including rheumatoid
arthritis (RA). The safety of silicone implants
has therefore become the focus of much
controversy in both the scientific community
and the lay press. It is postulated that silicone
may act as an “adjuvant” in certain people with
silicone implants, and may trigger the develop-
ment of clinical autoimmune disease in geneti-
cally susceptible people. It is proposed that the
silicone implant surface may provide an
adjuvant-like activity to native macromolecules
that adhere to the hydrophobic silicone surface
and become immunogenic. The properties of
silicone that may promote adjuvant activity are
currently unclear.

Type II collagen induced arthritis (CIA) in
mice is an experimental model of arthritis with
a number of pathological, immunological and
genetic features in common with RA.3 This
experimental disease model is induced by
immunisation of susceptible mice with type II
collagen (CII), a major component of joint
cartilage. Disease susceptibility is regulated by
the class II major histocompatibility gene
locus, which is analogous to the association of
RA with HLA-DR4. A progressive and inflam-
matory arthritis develops in the majority of
immunised animals, characterised by erythema
and oedema that causes initial paw width
increases of 100% in aVected limbs. The
arthritis progresses from inflammation to joint
distortion and spondylitis, and histopathology
of aVected joints reveals synovitis, pannus for-
mation, and cartilage and bone erosions.
Laboratory findings in CIA mice include a vig-
orous immune response to autologous type II
collagen,3 4 hypergammaglobulinaemia and in-
creased acute phase proteins.5 Several cy-
tokines involved in the inflammatory response
clearly mediate the arthritogenic reaction to
collagen in susceptible mice, including inter-
leukin 1 â (IL1â),6 7 gamma interferon (IFN
ã),8 and tumour necrosis factor (TNF).9 10

The DBA/1 mouse strain was selected for
investigation, as this strain is particularly
prone to the development of arthritis. In addi-
tion to the response to collagen, DBA/1 mice
develop arthritis on injection with the mineral
oil pristane,11 and also develop arthritis
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spontaneously at a low frequency,12 which sug-
gests that this strain expresses an underlying
susceptibility to joint disease. Short-term
silicone implantation in DBA/1 mice did not
result in an increase in the incidence or sever-
ity of arthritis.13 However, silicone implanta-
tion did change cytokine levels and resulted in
the development of novel autoantibodies
directed against silicone bound proteins
(SBPs). Several studies of patients with
silicone implants have suggested that there
may be latent eVects of silicone, with symp-
toms of connective tissue disease occurring
several years after implantation.14–16 It seems
unlikely that the 73 day exposure to silicone in
our previous study would have revealed any
latent eVects of silicone implantation. There-
fore, this study was conducted to evaluate the
long term eVects of silicone implantation in an
animal model of RA.

Methods
ANIMALS

DBA/1LacJ mice 8 weeks of age were obtained
from Jackson Labs (Bar Harbor, Maine) and
housed in microisolator cages in the Depart-
ment of Laboratory Animal Resources at
Wayne State University. All mice were quaran-
tined for two weeks before experimentation,
and all procedures were approved by the
Animal Investigation Committee, Wayne State
University.

SILICONE IMPLANTS

Sterile silicone elastomer shells were provided
by McGhan (Santa Barbara, CA), and silicone
gel and oil were obtained from Dow Corning
(Midland, MI). Silicone elastomer segments
were cut from a silicone implant and re-
sterilised by ethylene oxide exposure at the
Central Sterilization facility at Hutzel Hospital,
Detroit, MI.

IMPLANTATION OF SILICONE AND INDUCTION OF

ARTHRITIS

Animals were divided into implantation and
immunisation groups of 10 mice (table 1).
Mice were anaesthetised with sodium pento-
barbital (60 mg/kg) and implanted subcutane-
ously with silicone elastomer, silicone gel,
silicone oil or saline (sham implantation)
through a 0.5 cm dorsal incision. Surgical
wounds were closed with wound clips. Nine
months after implantation, DBA/1 mice were
immunised with either 100 µg bovine type II
collagen (the generous gift of Dr Robert
Karvonen, Wayne State University, Detroit,

MI), emulsified in 100 µl of Freund’s incom-
plete adjuvant (FIA) (Fisher Scientific, Pitts-
burgh, PA) or 100 µl of incomplete adjuvant
emulsion alone.

ASSESSMENT OF ARTHRITIS

Mice were weighed weekly, and overall health
status noted. Mice were monitored by daily
examination for the onset of disease, which
typically begins as erythema and oedema of the
ankle or wrist. After the onset of CIA limbs
were assigned a clinical score based on the fol-
lowing scale; 0=normal, 1=erythema and
oedema, 2=joint distortion, 3=joint ankylosis.3

Mice without signs of arthritis 10 weeks after
immunisation were considered disease nega-
tive. Implants were recovered at the termina-
tion of the study, 12 months after implantation
and 10 weeks after collagen immunisation, for
the analysis of SBPs.

HISTOPATHOLOGY OF FOREIGN BODY SARCOMAS

Foreign body tumours in mice were removed
by dissection, and fixed in neutral buVered for-
malin for 48 hours. After standard histological
dehydration and paraYn wax embedding
procedures, 5 µm sections were mounted on 1"
× 3" glass slides and stained using haematoxy-
lin and eosin (H and E). Individual tumour
sections were evaluated in a blinded manner to
determine the tumour morphology and classi-
fication.

SEROLOGICAL EVALUATION

The level and isotype of the antibody response
to type II collagen was assessed using an
ELISA assay described previously.11 Nunc 96
well Maxi-Sorb ELISA plates (Fisher Scien-
tific, Pittsburgh, PA) were coated with 3 µg/well
of type II collagen overnight at 4°C. Plates were
washed three times with phosphate buVered
saline (PBS)/0.05% Tween, and blocked over-
night at 4°C by the addition of PBS/5% non-fat
dry milk. Plates were again washed three times,
and serum samples diluted 1/1000 in PBS/5%
non-fat dry milk were dispensed in triplicate.
The plates were incubated overnight at 4°C,
and washed six times. One hundred microlitres
goat antimouse Ig conjugated with alkaline
phosphatase (Fisher Scientific, Pittsburgh,
PA), diluted 1/500 in PBS/5% non-fat dry milk
were added, and the incubation continued for
two hours at 37°C. Alternatively, goat antibod-
ies specific for murine IgM, IgA, IgG1, IgG2a,
IgG2b and IgG3 were used to determine
isotype variation in the response. After wash-
ing, 100 µl paranitrophenyl phosphate solution
(PNPP tablets, Sigma, St Louis, MO) in
diethylanolamine buVer were added to each
well, and the reaction allowed to proceed for 20
minutes in the dark. The plates were read at
405 nm using a photospectrometer (Molecular
Devices), and the data analysed using the
SOFTmax analytical software package.

Serum concentrations of interleukin 1â
(IL1â), tumour necrosis factor á (TNFá), IL2,
and gamma interferon (IFNã) were deter-
mined using commercial ELISA assays (Gen-
zyme, Cambridge, MA) as described
previously.13 Serum concentrations of IL4, IL5,

Table 1 Implantation and immunisation groups of
DBA/1 mice

Group Implantation Immunisation Number of mice

1 Sham FIA 10
2 Sham CII/FIA 10
3 Silicone oil FIA 5
4 Silicone oil CII/FIA 9
5 Silicone gel FIA 9
6 Silicone gel CII/FIA 9
7 Silicone

elastomer
FIA 10

8 Silicone
elastomer

CII/FIA 10
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IL10 were determined using a similar capture
ELISA technique, using specific antibody pairs
(Pharmingen, San Diego, CA). Levels were
determined by regression analysis from the
titration curve constructed using a purified
recombinant murine cytokine.

PROTEIN EXTRACTION FROM SILICONE IMPLANTS

Silicone elastomer, gel, and oil implants were
recovered from mice at the termination of the
study for the analysis of proteins adherent to
the silicone surfaces. Recovered implants were
pooled into groups: (1) silicone elastomer
implants from mice with arthritis, (2) silicone
elastomer implants from mice without arthri-
tis, (3) gel implants from mice with arthritis,
(4) gel implants from mice without arthritis,
(5) oil implants recovered from mice with
arthritis and (6) oil implants recovered from
mice without arthritis. Proteins were recovered
from implants using techniques described
previously,13 which are based upon exposure to
glycine-HCl buVer (pH2.8) followed by im-
mersion in 4M guanidine solution. Recovered
protein extract solutions were concentrated,
and the amount of protein extracted from the
silicone implants was determined by a BCA
protein assay commercial kit.

IMMUNOLOGICAL ANALYSIS OF SBPS

Immunoblot (dot blot) analysis, SDS-PAGE,
and western blotting was performed on the
extract solutions as described previously.13 One
microlitre of each implant extract solution was
pipetted onto a nitrocellulose paper strip, and
probed for reactivity with goat antimouse
immunoglobulin. Silicone bound proteins were
electrophoresed under reducing conditions
according to the method of Laemelli,17 silver
stained using a commercial kit (BioRad,
Hercules, CA), and image analysed to deter-
mine the number and molecular weight of the
protein bands. Western blot analysis was
performed to characterise the proteins ex-
tracted from the silicone implants. After
electrophoretic separation, the proteins were
transferred to a nitrocellulose membrane, and
reacted with sera from the corresponding

silicone implanted mice. The membranes were
then incubated with goat antimouse Ig conju-
gated to alkaline phosphatase (Fisher Scien-
tific, Pittsburgh, PA), washed and placed into
an aqueous substrate solution (Sigma Fast
BCIP/NBT tablets; Sigma, St Louis, MO) with
gentle agitation for 10 minutes. The number of
autoantibody reactive proteins extracted from
the silicone implant surface were then deter-
mined.

DATA ANALYSIS

Incidence of disease between experimental
groups were tested using ÷2 analysis. Compari-
sons of clinical (onset and severity), serological,
and cellular data between groups were made
using the Mann-Whitney U test for non-
parametric data.

Results
INCIDENCE AND SEVERITY OF CIA

Collagen arthritis incidence was evaluated in
mice after nine months of implantation alone,
followed by 10 weeks post collagen immunisa-
tion, giving a total exposure to silicone of
approximately one year. The immunisation of
sham implanted DBA/1 mice with collagen
emulsified in incomplete Freund’s adjuvant
(CII/FIA) resulted in a 30% arthritis inci-
dence, which represents a sub-optimal inci-
dence of disease compared with the results
obtained after immunisation with complete
Freund’s adjuvant, where 80% arthritis inci-
dence occurred.4 13 Figure 1 shows the per cent
incidence of arthritis in silicone implanted and
sham implanted control mice immunised with
CII/FIA. Most animals survived this extended
study period; however, five control mice in the
silicone oil control group did succumb to the
eVects of anaesthesia during a routine bleed.
Silicone elastomer implanted mice immunised
with CII/FIA had an arthritis incidence of
90%, which was significantly higher (p<0.01)
than the sham implanted control animals. Sili-
cone oil and silicone gel implanted mice
immunised with CII/FIA also increased inci-
dence of arthritis (66% incidence in both
groups); however these increases did not
achieve statistical significance compared with
the sham implanted mice. The arthritis severity
at the conclusion of the experiment in sham
implanted DBA/1 mice immunised with CII/
FIA was similar to the disease observed in ani-
mals immunised with complete adjuvant.13 The
mean severity scores (fig 1) in sham implanted
control mice immunised with CII/FIA was
4.67 (SD 2.5), and although silicone implanted
arthritic mice had modestly increased mean
disease scores compared with the sham im-
planted controls (irrespective of the silicone
form), none of these increases achieved statisti-
cal significance. Silicone implantation was
without eVect upon disease onset, with arthri-
tis occurring with a mean onset day of 47–48
for all groups. Silicone implantation in DBA/1
animals immunised with incomplete adjuvant
alone did not result in disease after 12 months
of silicone exposure.

Figure 1 The per cent incidence and severity of arthritis in DBA/1 mice implanted with
various forms of silicone. The severity is shown as the cumulative average per group based
on the following scale: 0=normal, 1=erythema and oedema, 2=joint distortion, 3=joint
ankylosis.
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FOREIGN BODY SARCOMAS

Three mice implanted with silicone elastomers
in this experiment developed foreign body sar-
comas before the conclusion of the study. The
presence of arthritis did not have an eVect on
the incidence of sarcomas in these mice, as one
animal not immunised with collagen developed
a sarcoma in this study. Mice implanted with
silicone oil or gel, or sham implanted mice, did
not develop foreign body sarcomas, resulting in
a significant increase in foreign body sarcoma
incidence (p<0.01) in the elastomer group
compared with any of the other groups. Figure
2 shows a photomicrograph of one of the
foreign body sarcomas removed from a silicone

elastomer implanted mouse. Histopathological
examination of all the foreign body sarcomas
invariably revealed a high grade and markedly
cellular malignant neoplasm with a non-
specific spindle cell pattern (fig 2). Sarcoma-
tous nuclei were enlarged, hyperchromatic, and
focally pleomorphic, with coarsely clumped
chromatin. Mitotic activity was brisk, with a
index between 5 and 10 mitotic figures per 10
high power field examined. Abnormal mitotic
figures were evidence throughout the tumour.
The sarcomas invaded the surrounding fibro-
connective soft tissues and fat as irregular,
infiltrative tongues and islands.

COLLAGEN ARTHRITIS SEROLOGY

The levels of anti-CII antibodies assayed four
weeks after immunisation, at the time of
disease onset (were applicable), and at the ter-
mination of the study, were equivalent in all
CII/FIA immunised mice irrespective of their
implantation status. High antibody titres (OD
>1.500), similar to those recorded in mice
immunised using complete Freund’s adju-
vant,13 were observed in all animals. No signifi-
cant variations in the distribution of the
isotypes of the anti-collagen antibodies were
attributable to silicone implantation, with IgG1
appearing as the predominant isotype in all
CII/FIA immunised mice. Silicone implanta-
tion in DBA/1 animals immunised with
incomplete adjuvant alone did not result in the
elicitation of antibodies reactive to type II col-
lagen at any point in the study.

Serum cytokine concentrations were assayed
at the time of disease onset (where applicable),
and at the termination of the study. Silicone
implantation did not induce marked variations
in the serum concentrations of IL1â, TNFá,
IL2, IL4, or ãIFN in mice immunised with
CII/FIA. However, the concentrations of IL10
in mice implanted with silicone elastomer and
immunised with CII/FIA were significantly
increased over the IL10 levels observed in
sham implanted CII/FIA immunised mice (fig
3). This increase was not observed in mice
implanted with silicone elastomer and immu-
nised with FIA alone, or in mice implanted
with silicone oil or gel. In contrast, terminal
serum values of IL5 concentration were signifi-
cantly diminished in mice implanted with
silicone elastomer and immunised with CII/
FIA compared with controls.

ANALYSIS OF SBPS

At the termination of the experiment silicone
implants were recovered from the mice for
analysis of the proteins adherent to the silicone
surfaces. The majority of the gel and elastomer
implants were surrounded by a fibrous capsule,
which was removed by dissection. Table 2
shows the levels of proteins from the explants.
The highest level of protein recovery was
achieved from silicone oil explants, compared
with either silicone gel or elastomers. In
general, the guanidine HCl extraction recov-
ered higher protein levels than the glycine
extraction, with the exception of protein recov-
ery from the elastomer explants. The presence
of arthritis in mice appeared to increase protein

Figure 2 A photograph of a haematoxylin and eosin section of a foreign body sarcoma
dissected from a mouse implanted with silicone elastomer.

Figure 3 Serum cytokine concentrations (IL10 and IL5) in DBA/1 mice implanted with
silicone elastomers and control mice.
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Table 2 Proteins extracted from silicone implants in latency study

Implant Arthritis
Protein recovered µg/
implant (glycine)

Protein recovered µg/
implant (guanidine)

Silicone gel Yes 66.0 126.1
Silicone gel No 28.2 63.7
Silicone oil Yes 128.5 138.8
Silicone oil No 125.3 173.8
Silicone elastomer Yes 38.2 27.2
Silicone elastomer No 28.1 21.3
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adherence to silicone implants, particularly for
silicone gel implants where protein recovery
from arthritic explants was approximately
twice the protein recovery from non-arthritic
explants.

IMMUNOLOGICAL ANALYSIS OF SBPS

Western blot analysis was carried out to assay
for the development of autoantibodies to SBPs
in arthritic and non-arthritic mice. Guanidine
protein extracts immobilised on nitrocellulose
were probed using sera pools from the
corresponding (autologous) groups of mice.
Bands coincident with immunoglobulins were
detected in the proteins extracts from silicone
gel implants from both arthritic and disease
free mice, and in proteins extracted from elas-
tomer implants from arthritic mice. This result
was expected as the protein extracts were posi-
tive for immunoglobulin by immunoblotting;
therefore these bands were disregarded in the
evaluation of autoantibodies.

Serum autoantibodies reactive with a high
molecular weight (approximately 100 kDa)
doublet band in the corresponding extract were
detected in several groups of implanted mice
(fig 4). This combination of serum autoanti-
body and silicone bound autoantigen was
detected in collagen immunised mice im-
planted with either silicone gel or silicone elas-
tomer (irrespective of their arthritis status), but
was absent in mice implanted with silicone oil,
or in mice implanted with silicone (any form)
and immunised with adjuvant alone. Further-
more, sera from non-implanted mice failed to
react with any SBPs. As the antigen reactive
pattern was highly suggestive of type I collagen,
western blots were used to further characterise

the autoantibodies. Bovine type I collagen was
electrophoresed and transferred to nitrocellu-
lose, and the antibody binding observed to the
approximately 100 kDa doublet bands was
essentially identical to the reaction pattern seen
against the approximately 100 kDa bands in
the SBP extract, confirming reactivity with type
I collagen. No reaction was seen using sera
from silicone oil implanted animals, sham
implanted animals, or any pre-bleed sera drawn
before silicone implantation. Four other
autoantigen/autoantibody reactions were seen
in silicone implanted mice using the western
blot technique, predominantly in non-arthritic
animals implanted with silicone gel. The
specificity of these autoantibodies remains to
be characterised. Table 3 summarises the total
number of immunoreactive bands and the
molecular weights of the target proteins
detected by western blot using sera from the
diVerent implanted DBA/1 mice.

Discussion
Silicone implants have been implicated in the
development of autoimmunity, and these
implications have resulted in a ban on these
devices.18 Concerns remain to date that a puta-
tive link exists between silicone implants and
connective tissue disease, although an associa-
tion between silicone and immune disorders is
not strikingly obvious.19 To date, epidemiologi-
cal studies have failed to strongly link silicone
implants and autoimmune disorders, although
one study did suggest a small increase in
relative risk.20 There are many variables that
complicate epidemiological investigations of
silicone implants and disease, including the
rare prevalence of both implants and autoim-
munity, as well as physical and chemical varia-
tions among the implant materials. Our
investigation controlled for several of these
variables, in an established animal model of
autoimmunity where the genetic and clinical
aspects of disease are well known.

The findings in this study seem to be the
most direct indication of an eVect of silicone
implantation on autoimmunity. We previously
investigated the influence of silicone implanta-
tion in this experimental model of arthritis,13

and concluded that despite the provocation of
autoantibodies attributable to silicone implan-
tation there was little evidence of an exacerba-
tion of autoimmune disease. This study has
several relevant diVerences that may contribute
to the new findings. Our initial investigation
examined silicone implantation during a rela-
tively short-term implantation of 73 days.
Several studies of patients with silicone im-
plants have suggested that there may be latent
eVects of silicone, with symptoms of connective
tissue disease occurring several years after
implantation.14–16 This current long term inves-
tigation, with a total silicone exposure time of
12 months, represents a major portion of the
life span of the DBA/1 mouse. The original
study examined intraperitoneal silicone implan-
tation, which was intended to maximise silicone
exposure to macrophages, and thus facilitate
potential inflammatory cytokine production.
However, intraperitoneal implantation does not

Table 3 Western blot analysis of autoantibodies to silicone bound proteins (SBPs)

Implant Immunisation Arthritis
Number of
reactive bands MW of bands (kDa)

Silicone gel CII/FIA Yes 2 100, 61.6
Silicone gel CII/FIA No 5 100, 61.6, 51.9, 36.1, 25.2
Silicone gel FIA No 0 –
Silicone oil CII/FIA Yes 0 –
Silicone oil CII/FIA No 0 –
Silicone oil FIA No 0 –
Silicone elastomer CII/FIA Yes 3 100, 61.6, 51.9
Silicone elastomer CII/FIA No 0 –
Silicone elastomer FIA No 0 –

Figure 4 Western blot detecting autoantibodies to a high
molecular weight silicone bound protein in silicone
implanted mice. Arrow indicates reactive band
(approximately 100 kDa). Lane 1: proteins extracted from
arthritic mice with gel implants; lane 2: non-arthritic
mice/gel implants; lane 3: arthritic mice/elastomer implants;
lane 4: non-arthritic mice/elastomer implants; lane 5:
arthritic mice/oil implants; lane 6: non-arthritic mice/oil
implants.

100 kDa

1 2 3 4 5 6
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accurately resemble typical sites of silicone
implantation in patients, and this concern was
met by using subcutaneous implantation in this
study. Previous experiments examined the
influence of silicone on DBA/1 mice immu-
nised with type II collagen in Freund’s com-
plete adjuvant. The control disease incidence
(80%) limited the capacity to detect an increase
in experimental arthritis; therefore mice were
immunised with CII emulsified with incom-
plete adjuvant (CII/FIA) to generate a sub-
optimal incidence of arthritis21 and provide an
increased sensitivity to examine the eVects of
silicone implantation. These variations in ex-
perimental design have generated marked
changes in the study outcome. Mice implanted
with silicone elastomers nine months before
immunisation with CII/FIA developed a signifi-
cantly increased incidence of arthritis. The long
term implantation of silicone gel and oil also
increased the incidence of disease, although
these increases did not reach statistical signifi-
cance. This variation may reflect the physical
diVerences between the diVerent forms of
silicone, and would suggest that silicone elas-
tomer is capable of functioning as an adjuvant
for bound proteins. It was predicted that
silicone oil or gel might serve as the strongest
adjuvant, as the oil implants that were recovered
did yield a high level of proteins extracted from
the oil surface. However, much of the silicone
oil had dissipated from the injection site at the
time of recovery, making a complete estimate of
protein binding diYcult. However, it is possible
that bound protein also turns over at a high rate
when bound to silicone oil, which could detract
from an adjuvant eVect.

Overall, these results also suggest that long
term silicone implantation augments the inci-
dence of arthritis in mice sub-optimally immu-
nised with collagen. The mechanism by which
silicone exerts this influence is not clear, as no
obvious changes in the level or isotype of the
antibody response to collagen were observed in
silicone implanted mice. The increase in serum
IL10 in elastomer implanted mice immunised
with collagen might be predicted to exert an
ameliorating eVect upon this disease,22 23 how-
ever, increased IL10 levels have been associ-
ated with increased antibodies to collagen24 and
the production of autoantibodies in
patients.25–27

In addition to influencing the arthritis
incidence, the long term implantation of
silicone in this study also provoked the produc-
tion of antibodies to autologous SBPs, consist-
ent with our previous work.13 One autoanti-
body was determined to react against type I
collagen. This result is consistent with two
studies that report autoantibodies to type I col-
lagen in women with silicone implants. Tenen-
baum et al28 reported autoantibodies directed
against a high molecular weight collagen-like
molecule in 50% of a small group of women
with silicone implants, and Rowley et al29 30

reported that women with silicone implants
have an increased frequency of autoantibodies
directed against an unusual epitope of type I
collagen. Immunoglobulin bound to silicone
implants was also a frequent finding in this

study, consistent with both short-term silicone
implantation13 and the findings of Kossovsky et
al,31 who reported immunoglobulin present in
the proteins adherent to silicone breast im-
plants in patients.

The subcutaneous implantation of plastics
or glass into rats and mice has previously been
used as a model of chronic inflammation, and
such reactions may eventually give rise to
sarcomas.32 A number of mice implanted with
silicone elastomers developed foreign body
sarcomas in this study. The tumours developed
more than nine months after implantation, and
were independent of the presence of arthritis.
This result was surprising, as the DBA/1
mouse strain is not particularly prone to the
development of foreign body sarcomas.33 Mice
that were implanted with silicone gel, silicone
oil, or were sham implanted did not develop
foreign body sarcomas. The finding that the
long term implantation of silicone elastomers
may provoke foreign body sarcomas may not be
applicable to the human situation, as foreign
body sarcomas seem to be a rodent specific
reaction not confined to silicones.34 35 Dow
Corning silicone implant manufacturers’ re-
ported in 1987 an increased rate of fibrosarco-
mas in rats that had been subcutaneously
implanted with silicone gel.36 Silicone associ-
ated fibrosarcomas have not been reported in
any species higher than the rat, and there has
been no increase overall in the incidence of
breast sarcomas or other tumours in women
with breast implants in the time period since
silicone implants have been in use.37 38 Al-
though foreign body sarcoma may be a rodent
specific phenomenon, it does indicate the
potential for silicone implantation to result in
adverse biological eVects.

The results in these studies support the
hypothesis that the long term exposure to
silicone may increase susceptibility to an
autoimmune experimental disease, although
the precise mechanism remains to be deter-
mined. The conclusions of this animal study
must be related to findings with patients with
silicone implants with great caution. Although
several human studies suggest that autoanti-
bodies may be influenced by silicone implanta-
tion, there is little evidence to date that silicone
implantation impacts upon autoimmune dis-
ease. This experimental model of connective
tissue disease suggests that although short-
term exposure to silicone was essentially
benign, long term implantation of silicone may
trigger the development of autoimmune dis-
ease.
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