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Chapter

Clinical Immunology

Concerns have been raised by both physicians and women with silicone breast implants (SBI) that
SBI may be causing rheumatic disease in women. Initial concerns focused on the possibility of an
increased incidence of defined rheumatic disease; subsequently it has been suggested that SBI
might cause a constellation of symptoms often found in women with rheumatic diseases that
includes muscle and joint pain, but differs from previously defined diseases. Because most
rheumatic diseases are associated with an inflammatory component and many are associated with
autoantibodies or autoreactive T cells (see below), it was logical to look in women with SBI for
activation of the immune system. It has been hypothesized that an immune response to self-tissue
or to silicone itself might occur in these women. Thus, several studies have looked for silicone-
reactive cells or antibody, or autoantibodies. The following review summarizes the clinical

evidence for silicone-induced immune alterations in women with SBL

I. Introduction to the Immune System

The immune response is dependent on a variety of inter-related cells and secreted molecules. A
normal immune response consists of two phases, an early innate response that represents a
nonspecific inflammatory reaction to a foreign susbstance (antigen) and a later adaptive response
that 1s specific for the particular foreign substance or antigen that has entered the host. The innate
(nonspecific) inflammatory immune response is a function of components of the immune system
that are available immediately upon antigen exposure. Activation of these components is not
antigen-specific and is independent of prior contact with antigen. There are both soluble and
cellular components of the innate immune response. Soluble components include circulating
"natural" antibodies (circulating proteins that bind to antigens), and the complement system
(circulating proteins that bind antigen alone or antigen-antibody complexes and help mediate the
destruction or removal of antigen). Cellular components include leukocytes, macrophages, and
natural killer (NK) cells, which are circulating or tissue-bound activators of inflammation. In
addition, the innate immune response includes products secreted by these cells such as cytokines,
chemokines, and other proinflammatory molecules. Activation of the innate immune response

leads to the secretion of cytokines and other molecules that help initiate adaptive or antigen-
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specific immune responses. Defects in innate immunity most often lead to immunosuppression;
however, some genetic defects in the complement system increase susceptibility to autoimmune
disease. In general, however, activation of the innate immune response, or inflammation, cannot
be considered evidence of an autoimmune disease.

Adaptive immune response (antigen-specific) refers to the activation of those components of
the immune system that expand and mature as a result of exposure to specific antigen.
Components of the adaptive immune response include antigen-presenting cells (APC) and
antigen-specific lymphocytes, T and B cells, which circulate and become sequestered at sites of
antigen presentation, and release their secreted products, cytokines and antibodies, upon contact

with the specific antigen that initiated the response.

Antigen Stimulation: Role of MHC

To trigger an adaptive immune response, an ordered sequence of events must occur. First,
antigen-presenting cells must encounter antigen and become activated. The precise molecular
mechanisms for the activation of antigen-presenting cells are not always known; however,
activation can be enhanced in vivo by the use of adjuvants, compounds which potentiate immune
responses when given with antigen. Following activation of antigen-presenting cells, antigen is
engulfed and processed internally. Fragments of antigen are then returned to the cell surface
nestled in the groove of Class I or Class II molecules encoded by genes in the major
histocompatibility complex (MHC). The MHC, also called HLA (human leukocyte antigen) in
humans, consists of a series of linked polymorphic genes such that in a population there are large
numbers of HLA haplotypes or combinations of HLA genes. Each individual inherits two of these
combinations. Molecules of each HLA haplotype are capable of associating with a distinct subset
of antigenic fragments. The antigen inside the MHC groove exists almost always as a peptide.
Recently, it has been shown that carbohydrate or otherwise modified peptides and even lipids can
be bound by MHC. The MHC/antigen complex is recognized by T cells and, provided that a
second set of signals is also delivered to the T cell by the APC, activation ensues. Once the T cell
is activated, proliferation and cytokine secretion occur. The T cells become memory T cells which

can more easily mount a response upon a second encounter with antigen.
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Production of Antibodies by B Cells

B cells can recognize a variety of different antigens including proteins, carbohydrates, and nucleic
acids. B cells in the preimmune state make IgM antibodies. For B cell activation to occur, the B
cell surface receptor, i.e., membrane immunoglobulin, must bind antigen or an antigenic complex.
In addition, B cells must receive help from T cells that recognize a component of the same
antigen. Once B cells are activated, they proliferate, secrete antibodies that are specific for the
inducing antigen, and generate memory B cells that can respond more quickly on subsequent
encounters with antigen. The antibodies produced in a memory response bind more specifically
and more strongly to the antigen. These antigen-induced antibodies can be identified by the
presence of amino acid substitutions that result in increased affinity for antigen and by switching

of the antibody isotype from IgM to IgG.

Autoimmunity

Because there are effective mechanisms to prevent an immune response against one's own tissue,
most immune responses to foreign substances will not result in the activation of a sustained or
pathogenic autoimmune response. In some individuals, however, these mechanisms fail and
autoimmune disease may arise. Autoimmune diseases are the result of immune reactivity to one's
own tissues or molecules and represent an aberrant activation of adaptive immunity. It is currently
believed that there are two main features that contribute to the development of autoimmune
disease. First, there are genetic risk factors. Often these include HLA haplotype. Since
autoimmune diseases are characterized by the activation of T or B lymphocytes specific for
autoantigens and T cell activation depends on T cell receptor recognition of a complex of
antigenic peptide and an HLA molecule, many autoimmune diseases occur more frequently in
individuals with a particular class I or class I1 HLA haplotype or allele. There are additional, non-
HLA, susceptibility genes. Some of these may be shared among individuals with different
autoimmune diseases, but others appear to be disease-specific. Second, there are environmental
risk factors. Exposure to environmental triggers often appears necessary to precipitate an
autoimmune disease in a genetically susceptible individual. In most cases, the nature of these
triggers remains unknown. As initial case reports of rheumatic-like disease in women with SBI
came out, it was therefore reasonable to question whether SBI might be such a trigger in

susceptible individuals.
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II. Studies on the Immune Response to Silicone in Animals

While there are species-specific aspects of the immune system, in general it is standard to gain
insight into potential human immune responses by studying the immune system of an animal,
especially the rat or mouse. The animal studies of the effect of silicone gel or other components of
silicone breast implants (SBI) on the immune system are clearly more numerous and
comprehensive than the human studies. They have resulted in several observations regarding
components of SBI and the immune system. As reviewed in Chapter 1 of this report, silicone gel
may function as a weak adjuvant potentiating antigen-specific immune responses. When antigen

emulsified in silicone gel was administered to mice or rats, an antibody response developed which

was greater than the response that occurred when antigen alone is given (Hill et al.[ 1996;|Naim et
al.,[1995, 1997). Silicone gel was a less strong adjuvant than complete Freund's adjuvant (CFA),

the adjuvant commonly used experimentally to induce immune responses in animals (Chang,

It is important to note that the enhancment of immune responses occurred only when
silicone and antigen were given together as an emulsion. Administration of antigen to one site and
silicone gel to another did not lead to potentiation of an antigen-specific response (Klykken and
White,

A second observation from animal studies was that administration of silicone gel to animals
appears to cause a time-dependent reduction of NK cell activity when tested in vivo assays
(Bradley et al,, [1994:]Wilson and Munson, [T996). NK cells are a component of the innate immune
response and are believed to play a role in the early response to infection and in control of tumor
growth. It is important to note that the reduction of NK activity in animals after silicone exposure
did not correlate with enhanced tumor growth. Thus, the physiologic importance of the
observation remains unclear.

Finally, silicone gel alone induced disease in two animal models. (1) It caused arthritis when
injected intra-articularly in Dark Agouti rats (Yoshino, [1994) Since it did not induce arthritis
when injected distal to the joints, and did not induce arthritis in joints that were not injected,
disease induction appears to be a consequence of local rather than systemic inflammation. This
finding is analogous to what is seen with silicone joint prostheses. (2) It induced B cell tumors,
plasmacytomas, in BALB/c mice when injected intraperitoneally (Potter et al., . In each of
these situations, the animal was genetically predisposed to develop disease and other triggers for

disease induction have been identified. Several other studies in animal models of autoimmune
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disease have demonstrated that silicone neither triggers disease nor exacerbates the clinical course

of ongoing disease (see Chapter 1). Nevertheless, the data showing an effect of silicone on the

immune system in some strains of animals have led to a concern that silicone might have

deleterious effects in humans or in a subset of humans.

ITI. Analytic Approach to Studies in Humans

It has been suggested that exposure to SBI may cause an autoimmune disease, although there has

yet to be an agreed-upon definition of the symptom complex present in this putative disease. In

general, autoimmune diseases have the following characteristics (Rose and Bona, [1993} Shoeneld

and Isenberg, 1989

1.

A greater than expected frequency of a particular HLA antigen in the affected population.

This HLA association reflects the importance of the HLA-antigen complex in activating T

cells.

Evidence of activation of cells of the immune system. Most often this is demonstrated by the
presence of an inflammatory infiltrate or deposition of antibodies in affected tissues. It has also
been possible in recent years to demonstrate an unusually high concentration of cytokines
present in the serum of some individuals experiencing ongoing immune activation.
Nevertheless, inflammation alone is not sufficient to indicate the presence of an autoimmune

disease.

Reactivity to self-antigens. This antiself- reactivity requires that specific autoantibodies be
present or that T cells can be shown to become activated upon exposure to self-antigen and

antigen-presenting cells.
Transfer of disease in animal models by transfer of lymphoid cells or antibodies. This criterion

cannot be met by human studies, although it has been possible on occasion to transfer disease

to immunodeficient mice using human cells or serum.
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In assessing whether an immunologic disease develops upon exposure to SBI, it might
also be asked whether there is evidence for an immune response to material present in SBI, either
antibodies or T cells, or whether there is evidence for a clonal expansion of particular subsets of B
or T cells following exposure to silicone.

Thus, in considering whether SBI cause an autoimmune disease or cause systemic activation
of the immune system, it is possible to ask whether there is evidence for the conditions outlined
above. In the review of the literature that follows, we address these questions and ask broadly
whether there is evidence of any immunologic abnormality as well as evidence for autoreactivity
or a silicone-specific immune response.

Two questions need to be kept in mind when analyzing the studies that have been performed
in humans to determine whether there is either an immunologic abnormality in all women with

SBI or an abnormality in symptomatic women with SBI.

1. Is there an immune abnormality caused by SBI? To address this question, it is important to

compare immune function in healthy individuals without SBI to function in healthy individuals
with SBI.

2. Isthere a specific immune abnormality associated with clinical symptoms in women with SBI?
To address this question, it is necessary to compare healthy women with SBI to symptomatic

women with SBI, and symptomatic women with SBI to symptomatic women without SBI.

Addressing these questions alone cannot determine whether SBI cause disease. If all women
with SBI (healthy and unwell) have an abnormal immunologic profile, then one must ask whether
these immunologic abnormalities might reasonably be expected to cause disease. If only unwell
women with SBI have an abnormal immunologic profile, one must ask whether the immunologic
abnormality is present in symptomatic women without SBI. If this profile is seen in unwell women
without SBI, then the question must be asked whether women with SBI have a greater incidence
of particular diseases or of "unwellness" than the female population generally. This question is
addressed in epidemiologic studies on connective tissue diseases and SBI. It is also important
when asking these questions, to ascertain whether the women with SBI with an abnormal immune

response are those women who received SBI as part of reconstructive surgery following
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mastectomy for breast cancer, because cancer itself may cause certain alterations in the immune
system (Kavanaugh and Carbone,Finally, if there is no abnormal immunologic profile that
can be reliably and reproducibly identified in the available studies in either healthy or "unwell"
women with SBI, it is still possible that a small number of women at risk for an SBI- induced
immunologic disturbance elude detection in those studies that have been performed, or that the
induced immunologic disturbance has not yet been identified.

It is possible to look for disturbances in both the innate and the adaptive immune response.
Furthermore, within the adaptive immune response, it is possible to look for silicone-specific T or
B cell activation or activation of autoreactive lymphoid cells. The studies that have been

performed in humans address the following questions:

1. Is there an alteration in innate immunity?
a.  Isthere evidence for monocyte or T cell activation as determined by assays of cytokine
levels?
b.  Isthere evidence that material derived from SBI can act as a T cell superantigen, a
molecule that activates large numbers of T cells that have different antigenic specificities
but share some structural feature of the T cell receptor?

c.  Isthere evidence for an effect on NK cell activity?

2. Is there an alteration in adaptive immunity?
a.  Isthere a particular HLA haplotype present in women with SBI and symptoms?
b.  Is there evidence for activation of silicone-specific T cells in women with SBI?
c.  Isthere activation of silicone-specific B cells in women with SB1?

d.  Isthere evidence of T or B cell autoreactivity in women with SBI?

Case reports are not used because they include no control group and abstracts are not
included because it is not possible to analyze the methodology used. Full-length articles that were
not subject to peer review are included. Because of the dearth of studies, certain potential
exclusion criteria for substandard methodologies have not been applied. For example, studies
which use historical controls were included, but are identified. Studies in which the control group

was not age-matched or sex-matched are also included, but identified. In general, both age and
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sex affect parameters of the immune response. There is no discussion of the source of funding and

no exclusion based on this.

IV. Studies of the Innate Immune Response
Cytokines as an Indicator of Inflammation
Cytokines are secreted by activated cells, whether activation is antigen-specific or not. Cytokines
are made by activated monocytes and macrophages and so are a measure of their activation, but
are also made by other cell types, (e.g., NK, B cells, T cells, and fibroblasts) and so may also be a
measure of their activation. The presence of increased cytokine levels suggests ongoing
inflammation but not necessarily an antigen-specific response. The studies reviewed here address
whether there are increased levels of cytokines in women with SBI. A finding of increased
cytokine levels might help identify a population of activated cells (e.g., NK cells, monocytes, T
cells) but would not indicate an autoimmune response, nor even an antigen-specific response.
While cytokine elevations are found in some patients with autoimmune disease, they are not
specific to the autoimmune state. It is also important to note when considering negative data that,
in general, cytokines function locally at the site of inflammation. It is possible to have an ongoing
local immunologic reaction without detectable elevations of cytokines in peripheral blood.
Almost all the studies that have analyzed cytokine levels in women with SBI and a comparative
control group have assayed serum or plasma levels, rather than tissue concentrations.
Furthermore, only a limited number of cytokines have been analyzed. Most studies of
cytokines in breast tissue are case reports without surgical control tissue. The exception is a study
by Mena et al. in which soluble mediators of inflammation were measured in capsular
tissue from women with SBI undergoing explantation, in skin scar tissue from women undergoing
reverse augmentation mammoplasty, and in synovial tissue of individuals with unspecified forms
of arthritis. Tissue was cultured for 24 hours in vitro after which time supernatants were harvested
and levels of IL-2, IL-6, TNFo, and PGE2 were measured. There was no significant difference in
cytokine production between capsular tissue and control tissues. Thus, cytokine production from
breast tissue exposed to SBI and from skin tissue exposed to previous surgery is not
distinguishable. Furthermore, among women undergoing explantation, there was no relationship
between systemic symptoms and cytokine production in capsular tissue. No studies have been

published on cytokine levels in joints of women with SBI or any tissue potentially affected by SBI
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but distal from the implant.

Ojo-Amaize et al.[(1994)|studied IL-1B, a soluble mediator of inflammation, and IL-1
receptor antagonist, a soluble IL-1 receptor that is also elevated in inflammation, in the blood of
women with SBI (well and unwell). While differences were found between women with SBI and
healthy age-matched controls, no conclusions can be drawn regarding the relationship between
cytokine production and SBI, because of the lack of crucial control groups. There is no
comparison of symptomatic women with SBI and symptomatic women without SBI to determine
if certain symptoms are always associated with altered cytokine levels, independent of the
presence of SBIL. There is also no analysis of symptomatic women with SBI compared to well
women with SBI to determine whether SBI routinely cause an increase in these cytokines.

In other studies, no differences in cytokine levels were found. Zazgornik et al.
studied two cytokines, TNFa., and IL-6, as well as soluble TNF receptor in a very small number
of women with SBI compared to an age- and sex-matched group of surgical patients and found
no significant differences. Garland et al. studied IL-6 levels in women with SBI (health
status not reported) and age-matched women without SBI. There was no difference in the level of
IL-6. Blackburn, Gotting, and Everson studied IL-6, IL-8, TNFq, and soluble IL-2
receptor in symptomatic women with SBI compared to healthy age-matched controls. Levels for
all cytokines assayed were below the threshold of sensitivity for the assays, so no conclusions
regarding differences between these groups can be drawn. Of interest, these investigators were
able to demonstrate elevated levels of these cytokines in the blood of patients with active
rheumatoid arthritis.

Overall, these studies have failed to identify a SBI-induced increase in the level of any
cytokine studied in serum or plasma of women with SBI. Thus, while these studies cannot be

considered comprehensive and conclusive, they do not provide evidence for systemic immune

activation in women with SBI.

Natural Killer Cell Function

Studies reviewed here address whether SBI alter NK cell activity, a component of the innate
immune response. NK cells are non-B, non-T lymphoid cells thought to play a critical role in
innate immunity to infection and in tumor surveillance. They can be distinguished from other cells

of the immune system by morphologic criteria and by expression of particular surface markers.
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Some reports indicate there may be decreased NK activity in certain autoimmune diseases (
Blaszczyk et al.,; Sibbitt and Bankhurst,[1983); Struyfet al b but there are no
mechanistic data to link this decrease to the development of autoimmune disease.

The initial suggestion that NK cells might be altered by silicone gel exposure came from
animal toxicology studies (see Chapter 1). Vojdani, Brauther, and Campbell studied NK activity in
women with SBI (Campbell et al., In this study, peripheral blood mononuclear cells from
40 symptomatic women with SBI were assayed for NK cell function prior to and following
removal of the SBI. NK activity increased in 50% of the women following explantation, but
decreased in 26% and was unchanged in 24%. These results are difficult to interpret. Since only a
single determination of NK activity was made prior to or post explantation, the degree to which
alterations in NK activity represent variations in the assay or normal fluxes within an individual
was not ascertained. Furthermore, the absence of control groups of asymptomatic women without
SBI, asymptomatic women with SBI, or symptomatic women without SBI leaves unresolved the
relationship of the decreased NK activity to silicone exposure and the relationship of decreased
NK activity to a constellation of symptoms. In another study (Granchi et al., NK activity
appears to be enhanced, not diminished, in a group of women with SBI and severe local
contracture. Thus, there is no reproducible observation on the effect of SBI on NK cell activity in
women. In addition, there is no evidence that the reported alterations in NK activity would have
functional significance. Finally, it has been well documented that NK activity is altered by stress,
sleep deprivation, and medications (cortisone) even among healthy individuals (Irwin et al.[ 1994 ]

1996;| Pedersen and Ullum, 1994; Pedersen et al., ; Shepard and Shek,| 1996 van Ierssel et
al., Thus, controls for stress and medication would be appropriate.

Superantigen Activity of SBI

One hypothesis that has been proposed is that silicone is a T cell superantigen. Superantigens are
molecules that bind to the T cell receptor. They do not bind at the conventional T cell receptor
antigen binding site, but rather bind to all T cells expressing a particular structural component of
the T cell receptor. Superantigens, therefore, activate many more T cells than are activated by
conventional antigen and lead to a massive secretion of cytokines that can cause vascular collapse,

as in toxic shock syndrome. One study has examined whether silica, rather than silicone which is

the major constituent of SBI, might be a superantigen (Ueki et al.,[T994). Chrysotile was
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incubated with peripheral blood T cells of 3 healthy individuals. In two individuals, there was
reported augmentation of V35.3 expressing T cells and in one of VB6.7 expressing T cells.
Proliferation of T cells expressing particular V[ chains is consistent with superantigenic
stimulation. Only three individuals were studied. The authors concluded that two individuals
showed a similar pattern of T cell activation, although the data shown do not clearly demonstrate
this. Furthermore, there are internal inconsistencies in the data that make it difficult to be
confident of the methodology. For example, the number of V35.2 and V5.3 T cells present in
cell cultures is far less than the number of VB5.3 cells alone. Thus, the specificity of the antibody
staining is questionable. A study by O'Hanlon et al.n 20 capsular tissue samples used a
different technique, polymerase chain reaction detection of T cell receptor mRNA, to look for a
restriction of T cell receptors in T cells activated at the site of SBI. In 14 samples, T cell receptor
mRNA was detected. There was great variability in T cell receptor gene expression, an
observation that suggests SBI do not contain a T cell superantigen. Thus, there is no evidence at

this point for superantigen stimulation of T cells by SBI materials.

V. Studies of the Adaptive Imnmune Response

HLA in Symptomatic Women with SBI

An investigation of an adaptive immune response to silicone begins with a search for HLA
haplotypes that might mediate the antigen-specific response. Studies of susceptibility genes for
immunologically mediated disease are still in their infancy in humans; however, one genetic locus
that has been well studied in human autoimmune disease and has been shown to constitute a risk
factor in many diseases is HLA. Since the structure of an HLA molecule will affect the nature of
the peptide antigen it is able to bind and present to T cells, it is logical that HLA may constitute a
significant risk factor or protective factor for autoimmune disease. There are multiple different
HLA haplotypes in humans. Definite HLA associations have been described for a number of
human autoimmune diseases, of which the best known are ankylosing spondylitis, juvenile
diabetes, and rheumatoid arthritis. It must be noted that the presence of a disease-associated HLA
molecule does not ensure disease. Even among individuals possessing two copies of the allele that
confers the greatest risk of rheumatoid arthritis, only one in seven will develop disease. In
contrast, one in 600 individuals without a disease susceptibility allele will develop disease. Thus,

presence of the susceptibility allele does not guarantee disease, but indicates that disease might be
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more easily triggered in that individual than in an individual lacking the susceptibility allele.
Conversely, absence of a susceptibility allele does not ensure against disease.

Since antigen-specific T cells are activated by an antigen/HLA complex, it is reasonable to
ask whether symptomatic patients with SBI share particular MHC alleles and whether these are
the same as or different from those found in women with a similar symptom complex but without
SBI. It is important in these types of studies that the populations are matched for ethnicity since a
susceptibility allele may be disease-associated in one ethnic population but not in another due to
the presence or absence of other shared genes. For example, the HLA DR4 alleles that mediate
susceptibility to rheumatoid arthritis in individuals of Northern European ancestry do not
associate with susceptibility in Black or Hispanic populations (McDaniel et al. eller et al.,

Only two studies have focused on identifying an HLA haplotype that associates with
symptomatology in women with SB1. Morse et al. assessed whether women with SBI and
scleroderma-like symptoms share an HLA DQ motif with women with scleroderma but without
SBI. The control population of scleroderma patients without SBI was historical. There was a
second control population of healthy individuals without SBI. The authors assessed whether
women with SBI and scleroderma-like symptoms had a lower frequency of leucine at residue 26
of the DQ B chain than the healthy control group, similar to what had previously been found in
scleroderma patients without SBI. A decreased frequency of leucine at residue 26 was found,
suggesting that women with SBI and scleroderma are similar to other women with scleroderma.
The only conclusion that can be drawn from this study is that women with scleroderma with SBI
and women with scleroderma without SBI share a similar genetic marker, and that SBI are not
associated with scleroderma-like symptoms in a novel, genetically distinct population. The study
cannot be used to conclude that scleroderma is caused by SBI, nor does it prove that scleroderma
is not triggered by SBI. Rather, the study shows that scleroderma may arise in a particular
susceptible population, whether or not the individuals have SBI.

A second well-designed study by Young et al[ (1996)|analyzed whether particular HLA
Class I and Class II molecules were present in symptomatic women with SBI. Four groups were
analyzed: group 1 included 77 women with SBI and debilitating (fibromyalgia-like) symptoms;
group 2 included 37 women with SBI but few symptoms; group 3 included 54 healthy women

without SBI; and group 4 included 31 women without SBI but with fibromyalgia, a rheumatic
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disease characterized primarily by muscle pain and sleep disturbance. There were no differences in
HLA Class I (A, B, or C) alleles among the groups; however, groups 1 and 4 had an increased
frequency of Class I DR53 and DR7, suggesting that symptomatic women with SBI share HLA
DR alleles with women with fibromyalgia. This study cannot be interpreted to show that SBI
cause disease. Rather, women with fibromyalgia, whether or not they have SBI, have a particular
HLA profile. It is important to note that this study and one other (Burda et al., 1986)
demonstrated increased DR4 in fibromyalgia, while two additional studies found no HLA
association with fibromyalgia (Biasi et al., Horven et al., [1992). Furthermore, it is important
to note that there is no evidence to date that fibromyalgia is an autoimmune disease. There is no
clear HLA association, no documented autoreactivity, and no evidence of tissue damage. Thus,
any similarity found between some women with SBI and women with fibromyalgia cannot be
construed to suggest those women with SBI have an autoimmune disease.

If there were a unique HLA haplotype found in symptomatic women with SBI, it would be
suggestive of SBI causing a new disease. To date there is no unique HLA haplotype that has been
found for symptomatic women with SBI. The conclusion that can be tentatively drawn from the
two studies discussed above is that women with particular sets of symptoms share HLA
haplotypes regardless of whether they have SBI. This does not constitute evidence that the
disease or symptom complex is causally related to SBI. Possibly, SBI trigger disease in a
susceptible population; possibly, SBI are unrelated to the development of disease. Information
obtained from epidemiologic studies that address potentially susceptible individuals, such as those
with a particular HLA haplotype, are needed.

All other reports on HLA in women with SBI are case reports or abstracts.

T Cell Activation in Women with SBI

T cells responsive to antigen will proliferate in the presence of that antigen together with antigen-
presenting cells. The studies reviewed below analyze T cell proliferation in response to silicone,
silica, or to connective tissue autoantigens. It is important to note, however, that T cells
proliferate in response to mitogens as well as antigens. Mitogens are substances that cause
polyclonal nonantigen-specific T cell proliferation as they do not engage the antigen-binding site
of a T cell receptor. Mitogens do not induce T cell memory, and there is no model of mitogen-

activated T cells causing disease.
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To provide evidence for an autoimmune disease, one might look for T cell responses to
autoantigens. No specific autoantigen has been identified in women with SBI. In general, the
studies to identify a population of activated T cells in women with SBI have focused on the
presence or absence of silicone-specific T cells, that is, T cells that proliferate in the presence of
silicone.

Most T cells recognize protein antigens. It is not clear in the studies of silicone-reactive T
cells whether silicone is assumed to bind to proteins present in culture media and modify peptide
antigens, or whether there is recognition of silicone alone through a set of unidentified T cell
receptors. While T cell activation can be measured by antigen-induced cytokine release, specific T
cell activation has been assayed almost exclusively by proliferation in response to "antigen"
challenge. In general, there are significant methodologic problems with the studies, ranging from
uncertainty regarding the state of the silicone used for stimulation, to the composition of control
populations, to concerns regarding the analysis of data. Furthermore, most studies are not
designed to distinguish whether silicone or some material from SBI is recognized as an antigen by
a T cell receptor, or is a T cell mitogen.

Ojo-Amaize et al. reported an enhanced T cell response to silicon dioxide, silicon, or
silicone gel in symptomatic women with SBI. The state of antigen in the antigen preparations is
not clear in this study as the silicone gel was extracted before use. Furthermore, it appears there
are two different sets of control subjects for these studies, one for silicon dioxide, another for
silicon and silicone gel. Finally, the analysis of the data is unconventional. An individual is
considered to have a positive response if there is an elevated response to any of the three antigens
at any of three concentrations. Only one patient is shown with an enhanced response to an antigen
at all three concentrations. In more conventional analyses, this individual might be considered the
only responder. Furthermore, the results would differ if each antigen were analyzed separately, as
the number of responders to any one antigen was small.

In a study by Smalley et al. T cell response to silicon dioxide (silica) was examined
in symptomatic women with SBI. The control group in this study was neither sex- nor age-
matched to the group with SBI. There was also no control group of symptomatic women without
SBI. While no raw data are shown, the patients appear to have higher T cell stimulation indices
than controls. This observation has not been confirmed. In fact, it appears, that a second cohort of

women without SBI showed a much higher stimulation index than the first control population
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(Young, @ Had these women also been in the control population, there would have been
little to no difference between women with SBI and the control group. Thus, the reproducibility
of the findings is not clear.

Ellis et al. looking for autoreactive T cells, studied T cell reactivity to connective
tissue components as well as reactivity to implant material. Twenty-six symptomatic women with
SBI were compared to 23 age-matched healthy controls without SBI. It is not stated whether the
control population included only women or both men and women. While the women with SBI had
increased T cell proliferation to collagen I, collagen III, fibrin, and fibronectin, they had no
increased reactivity to myelin basic protein, transferrin, bovine serum albumin, tetanus, or silica
D4 or silicone gel. Although these are interesting results, without a symptomatic control group
without SBI it is not possible to conclude the responses are related to SBL.

Ciapetti et al. compared the T cell response to silicone gel in women with SBI to that
of women without SBI who were, on average, over 15 years younger. They conclude that
lymphocytes from women receiving SBI for augmentation show increased T cell proliferation to
gel. A standard stimulation index was not calculated; instead stimulation in the women with SBI
was compared to stimulation in the control group. The difference in stimulation between groups
was less than twofold and the proliferation in the presence of gel extract was less than in its
absence. This is, therefore, a highly unorthodox presentation of data. In general, if proliferation is
lower in the presence of antigen than in its absence, it cannot be concluded that there is an
antigen-specific response.

T cells express either the CD4 or the CD8 molecule on their surface. In general, the ratio of
CD4/CD8 cells is fairly constant among individuals. Vojdani et al. @ report an increased
CD4/CD8 ratio in women with SBL. The women with SBI were symptomatic while the control
group was healthy. Because of the absence of a control group of symptomatic women without
SBI or asymptomatic women with SBI it is not possible to determine whether the altered ratio
reflects the symptomatic status of the women with SBI or the presence of implants. Furthermore,
there is no literature on individuals with an enhanced CD4/CD8 ratio that can be used to
understand the significance of such an observation, should it characterize women with SBI.

A study by Katzin et al. compared T cells from breast tissue and peripheral blood of
women with SBI obtained at the time of implant removal to peripheral blood T cells of control

individuals (not sex- or age-matched). In this study, the T cells obtained from breast tissue
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displayed increased expression of HLA-DR antigen, an activation marker, compared to peripheral
blood cells. There was also a decrease in the number of CD4+CD45+ RO+ T cells (helper T cell
phenotype) in implant-associated T cells of patients with SBI compared to peripheral blood T
cells of patients. The comparison of peripheral blood cells of patients and controls showed only a
slight decrease in CD4+CD45+ RO+ cells in patients. As the control population was not age- or
sex-matched, this difference is difficult to interpret. Finally, the cells of patients with SBI were
sometimes stained after freezing and thawing; it is not clear that control cells were similarly
handled. Thus, differences in cell phenotype may reflect differences in processing.

A study by Granchi et al. (1995) analyzed expression of surface molecules on peripheral
blood T cell and mononuclear cell (NK cell) cytotoxic activity in 22 women with SBI and Baker
IT or Baker III and IV contractures of whom 16 had received implants following mastectomy. The
control group consisted of 10 nonage-matched healthy women. The absence of a control group
with cancer but without SBI is a critical deficiency in this study. No phenotypic difference in T
cells was observed among the groups by flow cytometry. Increased cytotoxicity to the tumor cell
line was, however, observed in the women with SBI and Baker III or IV contractures. This is in
contrast to the study of Campbell et al. (1994) suggesting diminished NK cell activity in women
with SBI.

In general, in these studies the lack of appropriate control groups, the poor stimulation
indices, and the absence of raw data to analyze make interpretation difficult. There are no
reproducible, convincing data to show that silicone or any component of SBI is a T cell antigen or
that any connective tissue component has become a T cell target autoantigen in women with SBI.

There are, furthermore, no data that reproducibly show an altered phenotype of peripheral blood

T cells in women with SBI.

Anti-Nuclear Antibodies

Studies reviewed here examine whether SBI cause activation of B cells, specifically whether SBI
lead to production of anti-nuclear antibodies (ANA). ANA are found in the serum of affected
individuals in several defined rheumatic diseases. The commonest assay for ANA is the
fluorescent ANA (FANA) which uses fluoresceinated secondary antibody to detect serum ANA
and the human epithelial cell line Hep-2 as antigen. Each laboratory defines the dilution of serum

it uses to determine positive reactivity (e.g., 1:20, 1:40, 1:64, 1:80, 1:160) and the degree of
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fluorescence, graded as 1+ to 4+, used to define positive reactivity (e.g., 1+ or 2+) (vonMuhlen
and Tan, 1995). Furthermore, each laboratory may use different reagents for the test and may
select a different control population. Thus, there is significant interlaboratory variation in ANA
testing. Furthermore, a recent study by Tan et al. [(1997)ldemonstrates significant interlaboratory
variability even when the same definition of a positive assay is used (coefficient of variance of
50%). This variability is, in part, a function of the subjective determination of fluorescence
positivity and, in part, a consequence of the use of different reagents in the assay.

In each laboratory, the serum dilution and the degree of fluorescence used to define positive
serum is determined based on achieving 5% positivity in a control population. The control group

may, however, vary from laboratory to laboratory; therefore, subsets of healthy individuals may

show greater than 5% positivity. For example, when De Vlam et al|(1993)|studied ANA

positivity in healthy blood donors in Belgium, they found 62 of 485 individuals were ANA
positive by the laboratory's standard. Twenty individuals (5%) however, had a titer higher than
1:80 and 23 had IgG ANA. The recent study by Tan et al. (1997) also demonstrates how much
the frequency of ANA positivity depends on the dilution of serum being assayed; 3.3% of healthy
controls were positive at a 1:320 dilution of serum; 5% at a 1:160 dilution; 13.3% at a 1:80
dilution; and 31.7% at a 1:40 dilution. Thus, data for ANAs in women with SBI must be
compared to data on sera from control populations assayed in the same laboratory at the same
time.

Some characteristics of the control population are known to affect the incidence of ANA
positivity. ANA are more commonly positive in women than in men (Fritzler et al., T985]) Thomas
and Robinson, so sex-matched controls are critical. Several studies also suggest that ANA
positivity increases with age, so age-matched controls are also critical (Ruffatti et al., Slater
et al. [1996] Xavier et al,, Xavier et al. in a study of healthy Japanese people, found that
11.4% of those over 65 showed ANA positivity, compared to 3.8% of a younger group. Fritzler
et al. (1985) screened healthy female blood donors and found that more than 10% of women over
45 had ANA titers greater than 1:80. Similar findings have been reported by a number of other
investigators (Ruffatti et al., 1990; Slater et al., 1996). It is important to note, however, that not
all investigators found an increase in ANA positivity in the healthy elderly (Juby et al.,[T994)]
Finally, there is some literature on the incidence of ANAs in individuals with a malignancy

(Klajman et al.,[1983] Turnbull et al., [1978). Few studies address specifically the incidence of a
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positive ANA in women with breast cancer, but the available data would suggest that
approximately 15% may have a positive ANA. As this number comes from a study of Japanese
women, it is not clear it can be extrapolated to the studies described below (Imai et al.,[1979)]
Nonetheless, there is some evidence that autoantibody production is part of a paraneoplastic
syndrome in a number of maligancies.

It is also important to note that many drugs cause positive ANAs (von Muhlen and Tan,
1985). One that is rarely mentioned but that may be important in this analysis is estrogen. Clearly,
in animals, estrogen can induce positive ANAs and even anti-DNA antibodies (Ahmed et al.,

; Blank et al., . Whether this is true in humans is unknown.

There is a small but critical literature discussing the positive predictive value of an ANA for
the development of a rheumatic disease in symptomatic and asymptomatic individuals (Aho et al.,
; Dinerman et al., Emlen and O'Neill,@ Slater et al., 1996; Yadin et al. [1989). By
definition, at least 5% of apparently healthy individuals have a positive ANA (Aho et al., 1992;
Dinerman et al., 1986; Emlen and O'Neill, 1997, Slater et al., 1996; Yadin et al., 1989). The
significance of a positive ANA in healthy individuals was examined by Shoenfeld et al. They
screened 506 healthy women and found that 12% had a high titer ANA (Yadin et al., 1989). After
five years of follow-up, only 12% of these had developed some symptoms but none had
developed a definite connective tissue disease (CTD). In general, it would appear that only a small
percentage of individuals with a positive ANA will ever develop SLE (Aho et al., 1992). It is also
possible to ask whether the ANA can predict which symptomatic individuals will progress to a
defined connective tissue disease. Several investigators have studied the progression of individuals
with a positive ANA and Raynaud’s phenomenon (RP) to a defined connective tissue disease. RP
is characterized by decreased blood flow to the fingers. It occurs in approximately 5% of the
female population (Riera et al., [993). Only a small number of women with RP alone progressed
to a defined disease. Five to 20% of individuals with both a positive ANA and RP progressed
over five to six years to a defined disease, again demonstrating that ANAs are best used to
exclude disease (Fitzgerald et al., Gerbracht et al,, Kallenberg et al., [1988; Luggen et
al., 1985; Sheiner and Small, In general, a negative ANA can be used to screen out

autoimmune rheumatic disease (SLE, scleroderma, myositis, MCTD, Sjogren’s syndrome), but a

positive ANA is only 10-15% predictive of an autoimmune rheumatic disease even in

symptomatic individuals (Emlen and O'Neill, 1997; Homburger, [1995] Slater et al., 1996). Thus, a
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positive ANA is not evidence of an autoimmune rheumatic disease. In addition, it should be noted
that many individuals who describe some symptoms suggestive of connective tissue disease but
who do not meet criteria for a defined connective tissue disease will fail to progress or become
asymptomatic in a five-year follow-up (Alarcon et al., ; Clegg et al. [ 1991] Fitzgerald et al.,
1988, Gerbracht et al., 1985; Kallenberg et al., 1988; Luggen et al., [1995; Williams et al.[1998)

In a study by Williams et al. (1998) of 213 individuals with RP, undefined connective tissue
disease (UCTD), or unspecified polyarthritis (UPA) followed over a five-year period, only 36
developed a classic CTD; 63 were lost to follow up, 18 went into remission, and the rest showed
no progression of disease.

Twenty-three studies of the incidence of positive ANAs in women with SBI were reviewed
(Table 1) (Blackburn et al., 1997; Bridges et al., ; Brunner et al.,[1994; Claman and
Robertson, , 1996; Cuellar et al.[1995a][b; [Edworthy et al.reundlich etal.,
| 1996;|Park et al., 1998; Peters et al.,[1994][1997{ Press
et al. [1992:] Rowley et al. [1994] Silverman et al.[ 1996a; |Solomon, [9941 Tenenbaum et al.,
Teuber et al,,[1993] Vasey et al.,@lazgomik et al These were evaluated

according to the criteria that follow.

Gabriel et al| 1994; Lewy and Ezrailso

Patient Selection

Nearly all of the studies have a selection bias. Most patients were “sick” or “concerned” or
referred from attorneys or other physicians who knew that the investigators had an interest in
women with SBI. Most were referred to rheumatologists and, therefore, were also from a subset
of women selected for rheumatic symptoms. Nonetheless, in almost no study was an attempt
made to describe the symptom complex or to subclassify patients. In some studies, women with
SBI with defined connective tissue diseases were included in the study population. In the studies
where the incidence of defined CTD was reported, it varied from 10-20% of “sick” patients with
SBI, thus failure to analyze these patients separately is a substantial cause of error. Only a few
studies examined healthy women with SBI, to determine if SBI induce ANA positivity.

Control Population

Several studies did not use age-matched controls. Since there is some evidence that ANA
positivity increases with age, an age-matched control group is very important. Similarly, not all

studies used sex-matched controls. Since women have a greater incidence of ANA positivity, the
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use of a female control group is very important. To determine if the symptom complex of
symptomatic women with SBI is, by itself, associated with a positive ANA, a control population
of symptomatic patients without SBI is needed. When there was such a control group, it was
usually women with fibromyalgia. It is not always clear from the studies whether the women with
fibromyalgia or the other symptomatic women without SBI in fact share a symptom complex with

the symptomatic women with SBI.

Methodology for ANA Determination

Knowing how ANAs were interpreted is important for the reasons described in the introduction.
In most cases, the titer used to define a positive ANA was reported but not the fluorescence
intensity that was used to determine positivity (1+ vs. 2+). In some cases historical controls were
used; thus, it is likely that different technicians examined the sera and it is possible that different
reagents were used. This would be a substantial source of error. In many studies it is not clear
whether those reading the ANA were blinded to implant status. This is a potential problem, since

definitions of positive or negative need to be determined before the data are analyzed and not

designed around the data.

Multiple Samples

Since most of the positive ANAs were low titer, often a single (twofold) dilution away from a

negative reading, it would be useful to have more than one sample to evaluate.

Prospective Studies

There are no studies of serum from women before and after SBI to help support a causal

relationship between SBI and ANA positivity.

Summary of ANA Results

The results of the studies are summarized and referenced in Table 1. In five studies, healthy
women with SBI were studied. In three of these, women with SBI showed increased ANA
positivity; in two they did not. In one of these studies, there is no control group of healthy women
without SBI, but only one of 12 healthy women with SBI had a positive ANA, similar to what is

usually seen in most healthy control populations. In four of five studies in which symptomatic
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women with SBI were compared to symptomatic women without SBI, there was no increased
incidence of ANA present in women with SBI. Furthermore, in six of 11 studies in which healthy
controls without SBI were compared to women with SBI (healthy and symptomatic), there was
no difference between the groups.

Overall, there is no compelling scientific evidence that SBI are associated with positive
ANAs. Asymptomatic women with SBI do not reproducibly show an increased incidence of
ANA. Symptomatic women with SBI have the same incidence of ANA positivity as symptomatic
women without SBI. Finally, ANA titers, when found in women with SBI without defined
connective tissue disease, are low and generally nonspecific. This result may often reflect
hypergammaglobulinemia rather than specific antibody formation and, as discussed above, is not

predictive of developing a disease.

Specific Autoantibodies

The search for specific autoantibodies in women with SBI has, in general, failed to reveal an
abnormal incidence of most autoantibodies in women with SBI. Studies examining rheumatoid
factor, and antibodies to Sm, Ro, and La, other antigens targeted in SLE, do not suggest an

increased incidence in women with SBI, when women meeting criteria for a defined connective

tissue disease are excluded.

Anti-collagen Antibodies
The single autospecificity that has been analyzed in some detail is anti-collagen antibodies. It is
important to note that all studies on this topic have been performed by a single group of
investigators in a small group of patients (Bar-Meir et alowley et al., 1994; Teuber et
al., 1993). Presumably, anti-collagen antibodies were sought because symptoms in women with
SBI often involve the musculoskeletal system, anti-collagen antibodies have been described in
some patients with rheumatoid arthritis, and anti-collagen antibodies appear to play a role in some
mouse models of arthritis.

Teuber et al. (1993) initially compared anti-collagen reactivity in 46 women with SBI,
including two women with a defined connective tissue disease, 38 symptomatic women, and six
asymptomatic women, to age-matched healthy women. Collagen reactivity was considered

positive when an ELISA reading was greater than three standard deviations above the mean of the
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controls. Thirty-five percent of the women with SBI (16/46) displayed anti-collagen reactivity
(26% to collagen I and 15% to collagen IT) compared to 9% of healthy controls. The raw data are
not given, so it is not clear how strongly any of the sera bound collagen (Teuber et al., 1993).

Rowley et al. (1994) studied anti-collagen reactivity in 70 women with SBI (many of whom
were included in the above study) of whom 65 were symptomatic, 82 women with SLE, 94
women with rheumatoid arthritis, 43 healthy women, and 90 healthy individuals not age- or sex-
matched. Forty-one percent of symptomatic women with SBI (29/65) showed anti-collagen
reactivity by ELISA, compared to 29% of SLE patients, 48% of RA patients, and 6% of controls.
Reactivity to both native and denatured collagen was measured for women with SBI and RA, but
only reactivity to native collagen for women with SLE. If one examines the data and compares
reactivity to native collagen only, there is no difference between women with SBI and women
with SLE. Women with RA had less reactivity to native type I collagen and more reactivity to
native type II collagen. Reactivity to denatured collagen was the same for patients with RA and
women with SBI. Reactivity to collagen I and II was studied also by Western blotting using
peptide fragments of collagen displayed on a nitrocellulose filter. The authors suggest that
reactivity to collagen I is distinct in women with SBI. Nine women with SBI showed reactivity to
collagen I peptides. These patients appear to display individual patterns of reactivity. There was
no consistent peptide specificity seen. Furthermore, Western blotting was performed with bovine
collagen peptides, not human collagen. There is no control group studied for reactivity to bovine
collagen.

Subsequently, Bar-Meir et al. (1995) confirmed reactivity to collagen I and II by ELISA in
women with SBI, many of whom were symptomatic, compared to age- and sex-matched controls.
Sera from 14 of 116 women with SBI showed reactivity to collagen I compared to one of 134
control sera. Sera from ten of 116 women with SBI showed reactivity to collagen II compared
with one of 134 control sera. Women with defined CTD were not excluded from the group with
SBI. There was also no control group of symptomatic women without SBIL. Thus, it is not
possible to attribute the anti-collagen reactivity to SBI, rather than to defined or undefined CTD.

Overall, the above data suggest that some symptomatic women with SBI may have
antibodies to collagen I and II by ELISA . The number decreases when reactivity is assayed by
Westrn blotting and there is no consistent pattern of reactivity seen by Western blotting. There

are no data on healthy women with SBI or on women with atypical complaints but without SBI.
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Since the data derive from a single laboratory, it is necessary to obtain independent confirmation
of these results. Furthermore, even the existence of such antibodies would not mean there is an
antibody-mediated or antibody-associated disease. No study considers the relevance of these

antibodies to clinical symptoms.

Anti-microsomal Antibodies
One study has examined anti-microsomal antibodies in women with SBI and found a significant
increase compared apparently to a historical control group that is not described (Brunner et al.,

1996). One additional study failed to confirm this observation (Gabriel et al., 1994).

Anti-silicone Antibodies

One question that can be asked to address the immunogenicity of silicone is whether individuals
with SBI develop antibodies to silicone. While the question appears to be simple, an answer is
difficult to obtain because there are substantial problems in developing an assay for such
antibodies. Silicone is sticky and will bind nonspecifically to proteins. With a sticky substrate, high
levels of plasma immunoglobulins or hypergammaglobulinemia alone will give high values on
ELISA.

The first suggestion of the existence of anti-silicone antibodies came in a report from
Goldblum et al. studying patients exposed to silastic shunts. The paper has both
methodologic problems and internal contradictions and the findings were later retracted, since
binding was found to be highly dependent on serum albumin levels.

Wolf and colleagues developed an assay for anti-silicone antibodies using bovine
serum albumin (BSA) bound to polystyrene plates, followed by hydroxyl-silicone. They used this
assay to examine serum from 67 healthy females, ten diabetic individuals presumably exposed to
silicone syringes, 15 women with SBI without rupture, and 19 women with SBI with rupture.
They concluded that the diabetic patients are indistinguishable from the control group, that anti-
silicone antibodies are increased in women with SB1, and that they are highest in women with
rupture. The assay raises methodologic issues. There is no confirmation that the antibody binding
to ELISA plates is mediated through a conventional antigen binding site. In addition, there are no
data describing whether the women with SBI were symptomatic and no control group of

symptomatic women without SBI. Rose and colleagues {1996) |ised the Goldblum and the Wolf
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assays to generate data showing that women with connective tissue disease as well as women with
SBI show elevated anti-silicone reactivity. These studies did not determine whether the assays
detected specific anti-silicone antibodies or hypergammaglobulinemia.

Kossovsky and colleagues developed the DetectSil assay for binding to antigens that
have been modified by silicone. In this assay, microtiter plates are coated first with silicone and
then with various self-antigens (fibrinogen, collagen, fibronectin) prior to applying test serum.
Binding of sera to plates without antigen was often greater than binding to plates with antigen,
consistent with the known nonspecific stickiness of silicone and suggesting that the assay might be
detecting hypergammaglobulinemia. This study is uninterpretable as the background binding
(which is subtracted from test values) is not defined, and the raw data have been lost.

Shen et al. developed an assay to detect sodium silicate attached to BSA. Plates are
coated with BSA, followed by sodium silicate, followed by test serum. Forty symptomatic women
with SBI, 91 asymptomatic women with SBI, 52 women with connective tissue disease, and
healthy nonage-matched women were studied. There was a significant increase in ELISA
reactivity in sera of symptomatic women with SBI, compared to asymptomatic women with SBIL
This assay also has methodological problems. When human serum albumin rather than BSA was
used as an antigen, no reactivity was detected. Furthermore, silicate is not silicone, and the
exposure to silicate of women with SBI is not known.

Rosenau, Schneebaum, and Schur@ tried to develop an assay for anti-silicone
antibodies but concluded that the assays detected hypergammaglobulinemia only.

Overall, it appears that a reproducible assay for anti-silicone antibodies has not yet been
developed. There are no conclusive data demonstrating that silicone or silicone-modified protein

is antigenic to the humoral immune system.

Anti-polymer Antibodies

There is one study of antibodies to partially polymerized acrylamide in women with SBI. It is not
clear why such antibodies should be induced by SBI (Tenenbaum et al., 1997). The data show
that anti-polymer antibodies are present in 17% of nonage-matched control women, 20% of
women with SBI and defined connective tissue disease (CTD), and 10% of women with CTD
without SBI. It appears that approximately 25% of women with SBI without defined CTD

showed reactivity. Reactivity was reported to be higher in “sick” patients than in “well” patients.
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Since the stratification of patients was unconventional, it is difficult to interpret this observation.
Furthermore, the theoretical relevance of this assay to SBI is unclear, and the data do not suggest
a relationship between SBI and anti-polymer specificity. Finally, the investigators show no
difference between women with SBI and fibromyalgia patients.

In summary, studies of antibodies in women with SBI do not reproducibly demonstrate an
increase in autoantibodies. Studies of particular anti-nuclear antibodies have not revealed a
specificity elevated in symptomatic or asymptomatic women with SBI. Studies of ANA are
inconsistent. Very few studies have control populations of symptomatic women without SBI or
separately evaluate symptomatic and asymptomatic women with SBI. Without an analysis of such
populations, it is not possible to know whether changes in serologic parameters might relate to
“unwellness” or to SBI. In general, any increases in ANA positivity in women with SBI tend to
disappear when age-matched or fibromyalgia controls are used.

Finally, no studies have related either autoantibodies or anti-silicone antibodies to disease in
women with SBI. There is no animal model of arthritis, CNS disease, or muscle weakness induced
by the nonspecific low titer ANAs that are seen in some symptomatic women with SBL. There

have been no studies of “affected” tissue to demonstrate antibody-mediated tissue damage.

VI. Monoclonal Gammopathy and Multiple Myeloma

Potter and colleagues (1995] have described the induction of plasmacytomas in BALB/c mice

following intraperitoneal injection of paraffin oils. In their studies, injection of silicone gel, but not
oil, caused plasmacytomas in BALB/c mice. Tumors developed in 20-55% of mice given 0.2-0 4
ml gel with a latency of 200-300 days. It appears that tumors develop at the site of granulomas.
These tumors display chromosomal translocations similar to those seen in paraffin oil-induced
tumors (Potter et al., 1995). Chromosomal translocations are present in 10 to 20% of malignant
plasma cells in humans also, but are rarely the same as those seen in plasmacytomas in BALB/c

mice (Chesi et al., [1998] Lai et al.,| 1998;|Yamamoto et al., 1998)| The data from Potter's

laboratory on the induction of plasmacytomas in BALB/c mice by silicone gel raised the question
of an increase in myeloma or monoclonal gammopathy in women with SBL

Monoclonal gammopathy is a nonmalignant proliferation of a clonal B cell population. It is
said to occur in 0.5% of the population. Thirty-year follow up of patients with monoclonal

gammopathy shows that 16% will develop multiple myeloma, with an annual actuarial risk of

1I-25



0.8%. The percentage of monoclonal gammopathies that disappear over time is not known,

although it is thought to be small (Herrinton, |1996 Kylel l996).|

The National Cancer Institute has established a registry for myeloma in women with SBI. In
a 1996 report, they had recorded 18 cases (Rabkin et al.@ The time from implant to
diagnosis was two to 25 years. Of note, seven women were less than 45 years old. The age of
onset for myeloma, in general, is somewhat older, but epidemiological studies to determine if
there is an earlier age of onset of the disease in women with SBI have not been published.

Published data address three questions: (1) Is there increased immunoglobulin production in
women with SBI?; (2) Is there an increase in monoclonal gammopathy?; and (3) Is there is an
increase in myeloma? Silverman et al. studied 630 symptomatic women with SBI. IgG
was increased in 10.8%, IgA was increased in 3.2%, and IgM was increased in 6.3%. There was
no control group of symptomatic women without SBI. Sera from 284 women (18% with
increased immunoglobulin levels) were examined for the presence of monoclonal gammopathy.
Five had a monoclonal gammopathy with one progressing to myeloma. Three women underwent
explantation of SBI and received saline implants; in two of these women the monoclonal
gammopathy disappeared. This study is uncontrolled and it is not possible from these data to
know if SBI cause increased immunoglobulin levels, monoclonal gammopathy, or myeloma.

Another study examined sera from 82 women with SBI (Garland et al., 1996). Thirty
percent had immunoglobulin levels greater than the normal range; none displayed a monoclonal
gammopathy. The health status of these women was not recorded. Brunner et al. (1996) examined
239 women with breast implants. IgG levels were increased in 12.6% of the women (normal range
643-1610 mg/dl) and IgM levels were elevated in 7.5% of the women (normal range 36-300
ug/dl). There was no difference between women with silicone implants and women with saline
implants.

Kyle performed a retrospective analysis of 749 women with SBI seen at the Mayo Clinic.
None had myeloma or a documented monoclonal gammopathy. A control group matched for sex
and age included four cases of monoclonal gammopathy and one case of myeloma (Kyle, 1996).

Deapen et al.[(1997)] found no cases of myeloma in 3182 women with SBI followed up for over
14 years. As the normal incidence of myeloma is three to four per 100,000 individuals per year,

these studies are too small to be definitive.

The nature of the genetic susceptibility of BALB/c mice to plasmacytoma induction is
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unknown. It is, therefore, not possible to look for a similar genetic susceptibility in a subset of
women to ask whether this subset has an increased risk of monoclonal gammopathy or myeloma
following SBI. The data on immunoglobulin levels in women with SBI might be of interest as an
indicator of inflammation, but studies comparing symptomatic women with SBI to symptomatic
women without SBI or healthy women without SBI to healthy women with SBI have not been
performed. The comparison of symptomatic women with SBI to symptomatic women without
SB1 is especially important since many connective tissue diseases are associated with hyper-
gammaglobulinemia. The studies on monoclonal gammopathy are uncontrolled and the data on
myeloma with few exceptions represent case reports. There are, at present, no data that associate

SBI with monoclonal gammopathy or myeloma.

VII. Summary

Overall, when analyzing studies of the innate immune response and inflammatory mediators, and
of antigen-specific cell-mediated and humoral immunity in women with SBI, it must be concluded
that there are no consistent data to suggest systemic inflammation or systemic induction of anti-
silicone or autoreactive responses. There is no HLA antigen found with unexpectedly high
frequency in symptomatic women with SBI to suggest an autoimmune disease. There has been no
site distal to the breast that has been demonstrated to be a target organ for immune attack; no
tissue except the breast has been demonstrated to have an inflammatory infiltrate. A reproducible
autoantibody specificity has not been found; autoreactive T cells have also not been identified. As
discussed in the previous section, studies to determine if disease can be transferred by transfer of
lymphoid cells are not possible even in animals, as disease manifestations are primarily subjective.
Furthermore, there is no consistent credible evidence for exposure to SBI causing an immune
response to components of the implant, and no evidence exists for a role for implant rupture and

increased exposure to antigen in the induction of any immunologic abnormality.

Overall, the data do not demonstrate antigenicity of silicone, immune system activation in
women with SBI, or presence of autoreactivity in women with SBI. An unanswered question is
whether SBI can cause sufficient local inflammation to account for the symptoms women report.

With no evidence of systemic activation of the immune system, this seems unlikely. The concern

has also been raised that many SBI are colonized by bacteria (Ahn et al.| 1996; |Dobke et al,
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Jennings et al., Netscher et al., and that symptoms might represent a response
to infection or colonization. The data, however, do not support an association of bacterial
colonization of SBI with particular symptoms or even a sense of unwellness (Ahn et al., 1996;
Dobke et al., 1995; Netscher et al., 1995).

Most studies on the immune system in women with SBI have design flaws such that they do
not, in fact, address the existence of an SBI-induced immunologic abnormality. These problems
include a poor choice of control group or no control group, unorthodox data analysis, and often
an uncertain relationship of the antigen used in the study to the compounds present in SBI. Most
studies yield negative data, and, where one can make inferences from poorly designed studies, the
conclusions are that women with SBI do not display an SBI-induced abnormality in phenotype or
function of cells of the immune system. It remains possible that we do not yet know how to
recognize an affected subset of individuals or that we have not analyzed the relevant parameters
of immune activation. Furthermore, no studies have examined whether the immunologic
abnormalities present in women with defined CTD are enhanced or exaggerated in women with
defined CTD who have SBI. Thus, the potential for SBI to exacerbate disease is an unresolved
issue. Nonetheless, to date, there are no consistent data that support the hypothesis that SBI

cause an alteration in systemic immune responses in women.
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Table1  Studies of anti-nuclear antibodies in women with silicone breast implants
Author+ *Women with | *Healthy *SBI *SBI CTD | *Symptomaltic ANA, Comments
SBI controls well no SBI dilution/intensity )
Peters 1994 53/200 28/100 ni ni ni 100/ns Controls age and sex matched
Peters 1997 24/100 28/100 ni ni ni 100/ns 100 patients requesting explant and 100 age
matched controls (historical). 8 SBI had
inflammatory rheumatic disease and 10 had FM
Press 1992 7/13 ni .- ni 10/11 ni 40/ns ; State that normals in their lab have 5-6% + rate.
o Women with SBI are symptomatic or have CTD
Zazgornick ni 336 12/36 ni ni Done on liver substrate. Only + are confirmed
1996 on Hep-2. Patients are mostly reconstruction
post mastectomy. Controls age and sex matched .
Brunner 6/239 ni ni ni ni 80/ns 151 gel, 41 saline, 46 unknown .
1996 : :
Tenenbaum 17/80 .- 4/23 - ni 3/15 14/20 (CTD) 40/ns- 15 patients had definite CTD type not specified.
. 1997 ' i : ) L Healthy controls non-age matched.
Claman 21/82 0/19 7/38 7/11 ni 256/1+ Controls are sex matched, but 6-7 years younger
1994 \ : '
Claman ni /17 13/37 ni ni 80/1+ ‘
1996 : » . '
Bridges 34/156 ni 1/12 14/29 43/174 (FM) 80/ns 29 SBI CTD included in 156. Of others, 32 with
1993 20/127 joint swelling and 95 joint and muscle pain.
(CTD excluded) Controls age and sex matched
Freundlich 10/50 ni ni ni ni ns/ns All the patients in these studies are described as
1993 ’ “sick” and some have classic CTD
Vasey 13/37 ni ni . ni ni 20/ns
1994
Solomon 44/176 ni . ni oni ni * 40/ns
1994 S
Bridges 150/500 2/25 7/25 ni 25/100 (FM) 80/ns Healthy age matched controls
1996 c .
Cuellar a 123/265 ni ni ni 2201264 .. 40/2+ Controls not age matched. Controls were 122
1995 ‘(FM, STR) - e with STR, 142 with FM.
Cuellar b 470/813 ni ni ni 20/264 40/2+ All women with SBI were symptomatic. Same
1995 e controls as above.
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SBlwell | ..

Author Women with Healthy ... SBI , Symptomatic | ANA . Comments
SBI controls CTD no SBI dilﬁtion/intensity
Lewy 1996 86173890 ni ni. ni ., - ni 40/ns Numbers don’t correlate with text. No medical
‘ verification. Patients were assessed by 2
physicians by standard protocol and
questionnaire but the only data presented is
percent complaining of each symptom. No
' control group.
Gabriel 11/749 27/1498 -ni hi ni .ns Case control study. Age and sex matched
1994 - : controls. ANA gathered from chart.
Edworthy 324/1426 162/635 .ni ni ni 40/1+ Case control study. Sera collected prospectively.
1998 ' , Gender but not quite age matched. No
' difference when age was taken into account.
’ g ENA showed no differences. RF showed no
differences. Saline and other implants included
‘ ' (about 30% of group).
Park 1998 Aug3/110 0/128 ni ni ni 40/ns Sera collected prospectively. All silicone gel.
' : Rec 5/207 = 5/88 - ' : Reconstruction and augmentation analyzed
‘ separately. Controls age and sex matched.
Silverman 1121/3184 2/40 1737 ni 56/200 (FM) 80/ns Controls aged matched. Patients are
1996 “symptomatic” women not further described.
K “Concerned” but not symptomatic SBI and 200
R fibromyalgia verified by ACR criteria. -
Teuber 16/46 ni’ ni ni ni 80/ns Patients self referred “concerned” women. Some
1993 ' ‘ i had defined CTD and some had UCTD
Rowley 19/70 ni ni ni ni 80/ns 70 self referred includes many of the same
1994 ' patients as study Teuber above but definite CTD
. excluded.
Blackburn 8/70 ni -ni ni ni - 40/ns Patients referred for “complaints or concerns”.
1997 ' 27 had FM and 3 had definite CTD.
+ reports are identified by first author only P e :
* number positive / number tested . FM - fibromyalgia '
ni - group not included or not analyzed separately SBI - silicone breast implant 4
ns - not stated - : . STR - soft tissue rheumatism
ANA - anti-nuclear antibody : Aug - augmentationi-:_
CTD - connective tissue disease Rec - reconstruction
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