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Silicone Allergies and the Eye: Fact or Fiction?

Brad J. Hall, B.sc, Lyndon W. Jones, Ph.D., and Brian Dixon, Ph.D.

Objective: The purpose of this manuscript was to review the evidence
concerning the role of an allergic reaction to silicone as the basis for the
reported increase in contact lens—associated infiltrates in wearers of silicone
hydrogel contact lenses.

Methods: A literature review was undertaken to investigate the antigenic
properties of silicone and the causes of contact lens—associated inflamma-
tory reactions.

Results: Immune cells cannot interact with silicone directly but can interact
with antigens on these lenses. These antigens could be due to tear film deposits,
microbial contamination, or components of care systems used with these lenses.
Conclusions: Inflammatory reactions associated with silicone hydrogel
contact lens wear are not caused by an allergic reaction to silicone alone.
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C ontact lenses are widely used biomaterials, which have an
estimated worldwide market of $7.1 billion USD annually
and an estimated U.S. market of $2.4 billion USD."' Over the past
decade, usage of silicone hydrogel contact lenses (SiHys) have
been steadily gaining ground and they now account for 50% to
70% of new lens fits and refits in many mature markets.'? Despite
the improvements in oxygen availability that SiHys provide over
older, conventional hydrogel lens materials, SiHys have been
linked with the development of various inflammatory reactions,
including giant papillary conjunctivitis,>”’ infiltrative keratitis,* ">
contact lens peripheral ulcers,”'®!'” and contact lens acute red
eye.”'®!7 Of particular note are several recent reports®'*'*2! show-
ing that wearing SiHy materials results in an almost twofold
increase in relative risk for infiltrative keratitis. Discomfort, which
could also be associated with subclinical inflammation, remains the
major reason why patients cease wearing contact lenses**** and
comfort remains relatively unchanged with these new materials.**
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What do patients feel is the cause of this discomfort? Review of
health and health-related websites reveals that many wearers are
convinced that the discomfort is caused by an “allergy to silicone,”
a view shared by some clinicians.?® Is there any truth to these
claims that these inflammatory reactions are caused by an “allergic
reaction” to the silicone components within these lenses? This
review will discuss, from an immunological standpoint, whether
an allergic response is plausible or whether such reactions occur
due to antigens on the lenses rather than the silicone present in the
materials themselves.

THE HUMAN IMMUNE SYSTEM

The human immune system comprises a complex coordination
of organs, tissues, cells, and molecules that have evolved to protect
against microbial infection.?** Since life on Earth is carbon based,
the immune system is “wired” to only recognize molecules that
have a carbon-based chemistry (such as proteins, sugars, nucleic
acids), as that may signal “attack” by microorganisms. Sugars and
nucleic acids serve as “danger” signals to warn that a pathogen is
present, which then triggers an innate immune response, which
recognizes general features of microorganisms.”® In comparison,
proteins from pathogens are recognized by the adaptive immune
system, which uses antigen receptors that are highly specific*® and
subsequently targets those pathogens for destruction (Fig. 1).

Innate Immune System Receptors

Receptors of the innate immune system recognize signals
derived from common features of invading microorganisms. These
are usually repeating patterns of molecular structure, termed
pathogen-associated molecular patterns (PAMPs).?” Innate immune
system cells, such as specialized antigen presenting cells (APCs) or
innate responsive cells like natural killer (NK) or mast cells, can
recognize unwelcome visitors via various cell surface receptors on
PAMPs (Table 1). APCs also recognize damage-associated molec-
ular patterns (DAMPs).>** Injury or damage to cells can cause the
release of molecules that are not normally secreted, known as
DAMPs.?*3% APC can activate and initiate inflammation upon rec-
ognition of these DAMPs.*

Innate immune system receptors are also referred to as pattern
recognition receptors (PRRs).>' These receptors, which bind to
PAMPs, initiate cascades of internal protein activity either alone
or in conjunction with a specialized signaling protein. The acti-
vated immune cell responds to the pathogen while simultaneously
sending signals to activate many other immune system cells. The
macrophage mannose receptor is a classic example of a PRR recep-
tor, which binds particular and different anionic polymers (usually
sugar residues found on the surface of pathogens) and initiates the
phagocytosis process in which microorganisms are ingested.*
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One important group of signaling receptors is the Toll-like
receptors (TLRs). There are 10 TLR genes in humans, encoding 10
distinct TLR proteins, each of which recognizes a particular
PAMP.> Despite the small number of TLR proteins, they can
recognize a wide variety of ligands, including lipoproteins, pepti-
doglycans, single- and double-stranded RNA, and flagellin.*®
When a TLR has bound a PAMP, downstream signaling events
activate the transcription factor nuclear factor-kB, which initiates
the production of small protein signaling molecules (cytokines and

There are NO
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chemokines), which are important in triggering inflammatory
responses.”®

Thus, although APC have many types of receptors capable of
binding to a wide variety of organic molecules, they do not have
any receptors that could bind and recognize silicone alone. The
silicone incorporated into silicone hydrogels is bound to an oxygen
atom (Si-O-Si), forming a siloxane functional group. APC cannot
respond to the many different silicone-containing molecules in
silicone hydrogel materials. The only molecules that APC could

TABLE 1.  foreign Compounds That are Recognized by the Innate Immune System (Pathogen-Associated Molecular Patterns), Their Receptors, and
the Location in the Body or Cell Type That Expresses Them?5-3
Compound Receptor Location/Cell Type

Soluble proteins
Acetylated sugars
Bacterial and viral mannose/fucose
Bacterial cell walls
Bacterial cell walls

Ficolin

Serum amyloid P
Complement C3b

LPS LPS binding protein

LPS

Phosphatidyl choline C-reactive protein
Receptors

Bacterial ribosomal RNA sequence “CGGAAAGACC”
Diacy! lipopetides

Double-stranded RNA

Flagellin

Glycolipids, lipoproteins, lipoteichoic acid, B-glucan
LPS

Toll-like receptor 6
Toll-like receptor 3
Toll-like receptor 5
Toll-like receptor 2
CD14

LPS, bacterial heat shock proteins, nickel Toll-like receptor 4
Mannose (on terminal end of glycosylation group)
Mannose (on terminal end of glycosylation group)
N-acetylgalactosamine (GalNAc)

Profilin

DEC 205
Toll-like receptor 11

Profilin

Single-stranded RNA

Single-stranded RNA

Triacyl lipopeptides

Unmethylated CpG oligodeoxynucleotide DNA

Toll-like receptor 7
Toll-like receptor 8
Toll-like receptor 1
Toll-like receptor 9

Mannose binding lectin

Bactericidal permeability increasing protein

Toll-like receptor 13

Macrophage mannose receptor

Macrophage C-type lectin

Toll-like receptor 12

Plasma protein
Plasma protein
Plasma protein
Plasma protein
Plasma protein
Plasma protein
Plasma protein

Inside macrophage/dendritic cells
Macrophage/dendritic cells/mast cells
Inside dendritic cells/B cells
Macrophage/dendritic cells/epithelial cells
Macrophage/dendritic cells/mast cells
Macrophage/epithelial cells
Macrophage/dendritic cells/B cells/mast
cells/epithelial cells
Macrophage/dendritic cells
Macrophage/dendritic cells
Macrophage/dendritic cells
Inside macrophage/liver cells/kidney
cells/intestinal epithelium
Macrophage/dendritic cells/neurons
Inside macrophage/dendritic cells/B cells
Inside macrophage/dendritic cells/mast cells
Macrophage/dendritic cells/B cells
Inside macrophage/dendritic cells/B cells

LPS, lipopolysaccharide.
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recognize and respond to would be proteins, sugars, and nucleic
acids that were bound in some way to the lens surface.

Adaptive Immune System

The adaptive immune system exhibits a relatively delayed
response compared with the innate immune system, but it is
a targeted response.”® The adaptive immune system has two broad
types of responses: “cell-mediated response,” which, as the name
suggests, involves a cellular response to intercellular pathogens,
and the “humoral response,” which involves secreted antibodies
in response to intracellular pathogens.

Cell-Mediated Immune Response

T lymphocytes (T cells) are involved in the cell-mediated
immune response, which involves the activation of cells (such as
macrophages and cytotoxic killer cells) in response to antigens.
T cells recognize antigens presented on the major histocompat-
ibility complex (MHC) II receptors of APC or MHC I receptors,
which are present on nucleated cells. Upon recognizing an
antigen, T cells activate into two types of effector cells, cytotoxic
T cells, and helper T cells. Cytotoxic T cells recognize antigens
presented on MHC I molecules of cells that are infected with
intracellular pathogens and trigger the host cells to undergo
apoptosis.

The majority of T cells react to peptides; however, yd T cells can
recognize antigens not presented on MHC receptors, typically intact
proteins or lipids,** and NK T cells can react to lipid antigens presented
on CD1d molecules. There are no known T-cell receptors for silicone.

Humoral Immune Response

Helper T cells bind peptide antigens bound to MHC II
molecules, but their response to stimulation is to secrete cytokine
signals that induce further immune responses by effector cells,
especially antibody secreting B cells. B cells are involved in the
humoral immune response, which involves secreted antibodies in
response to antigens. They develop in the bone marrow and naive
B cells (B cells that have not encountered antigens) populate the
peripheral lymphoid organs. B cells have immobilized immuno-
globulin molecules on the cell surface known as B-cell receptor
(BCR) complexes. BCRs bind protein antigens, internalize them,
and then present them on their cell surface complexed with MHC
molecules, which T cells can bind. The T cells then secrete
cytokines, which stimulate B-cell proliferation and differentiation.
The products of this proliferation are plasma cells (antibody-
secreting cells) and memory cells compared with naive B cells. For
example, helper T cells can differentiate into Tyl or Ty2 effector
cells. Tyl effector cells activate to cause pathogens to be phago-
cytosed by macrophages, whereas Ty2 effector cells are involved
in immune reactions to pathogens that are too large to be phago-
cytosed, such as parasites, and are thought to play a role in hyper-
sensitivity reactions (see below). Non-protein antigens, such as
sugars, lipids, and nucleic acids, are bound by the BCR, but cannot
be recognized by T cells, which only respond to protein antigens.
Antibodies are secreted by B cells with these types of antigens, but
they are mainly of the same type. Once again, B cells do not
recognize or react to silicone.

Antibodies, or immunoglobulins (Igs), are synthesized by B cells
and are a large family of glycoproteins with similar function and
structure. They are divided into five main classes: IgA, IgG, IgD,
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IgE, and IgM. These immunoglobulins, which are distributed
throughout biological fluids, can recognize the majority of biological
molecules. An individual can produce up to 10° different antibodies
and these are highly specific to various antigens. Antibodies bind to
and enhance the removal of remaining antigens, but again these do
not include silicone.

ALLERGIES AND
HYPERSENSITIVITY REACTIONS

Type I hypersensitivity reactions, commonly known as allergies,
are thought to affect some 55% of people in the United States.*
Type 1 hypersensitivity reactions occur rapidly and are typically
caused by overproduction of IgE in response to environmental
antigens, particularly to proteins found in pollen, dust mites, and
foods.*® IgE has a relatively low concentration in serum, at least 30
times less than IgG, but has a strong affinity for its receptors.*®
Immediate hypersensitivity reactions occur when IgE bound to the
FceRI receptor on mast cells and basophils cross-link via interac-
tions with the same antigen. A signal cascade ultimately will cause
the cells to degranulate, release stored mediators, and synthesize
and release cytokines that will lure and stimulate inflammatory
cells.>**7 To elicit an allergic response, an individual must have
repeated exposure to an allergen for continuous production of the
necessary IgE. There are no known structural properties of aller-
genic proteins that make them inherently allergenic, but they do
share certain characteristics, such as low molecular weight and
high solubility in body fluids. Allergic reactions are dependent
on Ty2 cells, which will bind protein antigens and initiate B cells
to produce IgE. In the case of non-protein allergens, the antigen
must first attach to a protein before Ty2 recognition and subsequent
initiation of IgE production in B cells.

In type II hypersensitivity reactions, antibodies bind to antigens
on the patient’s own cellular membrane. The antigen can be
innately part of the cell membrane or may be foreign and adsorbed
onto the cell membrane.*® The cells are subsequently targeted by
cytotoxic reactions.** Type III hypersensitivity reactions also
involve antibodies; however, the antibodies involved form small
immune complexes that can deposit in small blood vessels and
joints, triggering an inflammatory response.* Type IV hypersensi-
tivity reactions use a cell-mediated response, activating cells in
response to antigens.39

Examination of this information confirms that “true” allergic and
other hypersensitivity reactions cannot occur in response to sili-
cone alone but could be triggered in response to antigens found
associated with silicone hydrogel materials. These could include
deposits, microbial fragments, or components from solutions,
which are taken up and released from SiHy lens materials.**!

WHAT HAPPENS IN THE EYE?

It is evident so far that silicone cannot elicit a response from the
immune system, in general. However, the eye is a unique site
immunologically and it is worth discussing the multiple layers of
immunological activity in the eye in terms of allergic responses.
The eye can be divided into four immunological areas: the tear film
and conjunctiva, the sclera, the uvea, and the retina.*?

There are several layers to the tear film* that contains many immune

proteins such as lysozyme and lactoferrin,* immunoglobulins*** such
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as IgA, IgE, IgM, and IgG, and inflammatory mediators such as his-
tamine and various cytokines.***” The conjunctiva can be divided into
two layers based on histology: an epithelial layer of two to five cell
layers, and a layer of substantia propria.*> The epithelial layer contains
APCs, known as Langerhans cells,”® and T cells, but not normally
other inflammatory cells.*> Mast cells are normally found within the
substantia propria*’ but not the epithelium. Blood circulating inflam-
matory cells are not generally found in the normal conjunctiva.** The
corneal epithelial and stroma contain macrophages and dendritic cells
that mediate the initial host response to lipopolysaccharide (LPS) and
flagellin.*® Human corneal epithelial cells themselves can also respond
to TLR ligands and LPS exacerbating inflammatory reactions.™

The vitreous humor and the anterior chamber are immune
privileged sites, which are areas that tolerate antigens without
eliciting immune responses. Immune privilege in the eye is
extremely important, as inflammatory responses could result in
visual loss in many ways.>' This immune privilege arises from three
broad factors: (1) structural features (such as the blood ocular bar-
riers and absence of lymphatic vessels), (2) soluble effector, and (3)
cell surface molecules. The latter two of these both suppress immune
activation, such as transforming growth factor 3, that inhibits T-cell
activation.”’ In the anterior chamber, exposure to certain antigens
results in suppression of the cell-mediated immune response, a pro-
cess known as anterior chamber—associated immune deviation.*>
This phenomena is a result of the “immune privileged” status and
redirects the immune response away from damaging IgG antibody or
CD8* T-cell responses to milder allergic IgE-based responses.

Despite the eye’s special immunology, the resident immune cells
described do not react to silicone. Many groups that study this
problem fail to account for the fact that there may be misfolded
self-proteins (proteins normally produced by patients themselves)
attached to the silicone, leading to erroneous results as misfolded
self-proteins can cause inflammation.” Sindt et al.>* reported that
contact lens wearers seemed to have more resident corneal immune
cells than nonwearers, but this difference was not statistically signif-
icant. Additionally, there was no difference between the numbers of
resident immune cells between users of poly(hydroxyethyl methac-
rylate) lenses versus SiHy users. Thus, silicone is not inducing a large
immune response and the authors did not address self-proteins
deposited on the contact lenses, which may be the cause of the
putative increase in immune cells.

In another study, Miro-Mur et al.> studied the peripheral blood
mononuclear cells of 39 individuals. They showed that, based on
several measures of immunity, including immune cell viability,
immune cell activation, and immune cell cytokine production, silicone
did not induce immune reactivity alone. They suggest that silicone is
merely acting as an adjuvant rather than an antigen. No T-cell activa-
tion was seen, suggesting that the immune system is not directly
recognizing the silicone. Without T-cell activation, there can be no
direct response with antibodies, cytotoxic cells or allergic responses.
Thus, there is no immune reaction seen to silicone, as predicted above
based on the structure of the mammalian immune system.

HYPERSENSITIVITY IN THE EYE

The principal hypersensitivity reaction observed in the eye
relates to allergic conjunctivitis, which can be either type I or type
IV hypersensitivity.”® Type I hypersensitivity involves activation
of mast cells by IgE cross-linking an antigen (usually environmen-
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tal) and subsequent release of inflammatory mediators such as
histamine and polymorphonuclear leukocyte attracting chemo-
kines, whereas type IV hypersensitivity reactions in the eye involve
Tyl activation of macrophages.®® Following the initial allergic
response (2—24 hours after exposure), late-phase allergic responses
can occur. The late-phase response involves the recruitment of
neutrophils, eosinophils, and macrophages. A minority of hyper-
sensitivity reactions in the eye are caused by biocompatibility
issues with biomaterials used within the ocular environment. There
are a few types of biomaterials used in very different ocular
immune environments: contact lenses (which interact with the tear
film and the conjunctiva), intraocular lenses (which are located
within the immune-privileged environment of the inner eye), and
scleral buckles (which sit underneath the conjunctiva).

Contact Lens—Related Hypersensitivity

Soft contact lenses can be broken up into two broad groups:
conventional hydrogels and silicone hydrogels.’”*® Conventional
lenses are made up of primarily HEMA, whereas silicone hydro-
gels have siloxane groups.”®>® These siloxane groups greatly
increase the oxygen transmissibility of the lenses but also increase
their hydrophobicity.”® These materials only deposit low levels of
protein,’*®" but the increased surface hydrophobicity denatures
a higher percent of the deposited protein compared with conven-
tional hydrogels®’** and the relatively hydrophobic surfaces also
attracts a greater amount of tear film—derived lipid than conven-
tional lenses.* %64

Hydrogel and silicone hydrogel materials show differing uptake
and release profiles of the components within care systems*%> and
demonstrate markedly differing corneal staining profiles following
their exposure to lenses used with certain preserved care systems. ¢
It is plausible that any putative “allergic reaction” could be related to
these interactions rather than those driven by the siloxane component
of the lens material per se.

Contact Lens—Induced Papillary Conjunctivitis

Contact lens—induced papillary conjunctivitis (CLPC) (Fig. 2) is
characterized by inflammation of the papillae in the upper tarsal
conjunctiva®® and has the following complications for contact lens
wearers: increased mucous discharge, irritation, burning, itching,
redness, decreased lens tolerance, and increased lens aware-
ness.”**7° The inflammatory responses seen in CLPC are not caused
by an allergic reaction to the “silicone” in the materials but rather
a reaction to the deposited lipids and protein on the lens materials
and/or some degree of minor mechanical response to the reduced
wetting surface of the lens.”**7' Donshik et al*® suggest that the tear
film coating stimulates the immune system to produce IgG, IgE, and
IgM and to activate the complement system. They propose that C3
anaphylatoxin and the immunoglobulins interact with basophils and
mast cells, which then release vasoactive amines. The subtle
mechanical trauma to the conjunctival cells releases neutrophil che-
motactic factor, which attracts more mast cells, basophils, and eosi-
nophils, which further react with C3 anaphylatoxin and the
immunoglobulins, resulting in the giant papillary response seen in
some wearers of silicone hydrogel materials.®®

Intraocular Lens—Related Hypersensitivity

Cataract surgery, involving intraocular lens implantation, is the
most common form of ophthalmic surgery.” Performing cataract

Eye & Contact Lens ® Volume 40, Number 1, January 2014



Eye & Contact Lens ® Volume 40, Number 1, January 2014

Silicone Allergies and the Eye

FIG. 2. An example of contact lens—induced papillary conjunctivitis.

surgery and intraocular lens implantation results in the release of
proteins and cells into the anterior chamber’® and these proteins can
adsorb onto the surface of the implanted lenses, resulting in inflam-
matory reactions.” Inflammatory cells can be seen on the surface
of intraocular lenses just a few days after surgery. The complement
system is activated, which attracts polymorphonuclear leukocytes
and monocytes and eventually macrophages and giant cells.”* The
giant cell response peaks at about 3 months and usually involves
the giant cells degenerating on the surface of the intraocular lens,
leaving a proteinaceous membrane that isolates the lens from the
rest the of the ocular tissues.”

Abela-Formanek et al” studied the biocompatibility of hydro-
philic acrylic, hydrophobic acrylic, and hydrophobic silicone intra-
ocular lenses. They studied 155 eyes from 131 patients and found
that silicone lenses had a greater deposition of small round cells,
which are involved in the foreign body reaction against intraocular
lenses,”® than hydrophobic acrylic lenses, while the hydrophilic
acrylic had lenses with both the highest and lowest deposition of
small round cells. The hydrophobic acrylic lenses showed the high-
est deposition of giant cells, followed by hydrophilic acrylic, and
silicone lenses had the lowest deposition of giant cells. Neither small
round cells nor giant cells are involved in allergic reactions. Thus, it
is clear that inflammation associated with intraocular lens usage is
not caused by an allergy to silicone but rather results from foreign
body reactions and inflammatory responses to deposits on the lenses.

Scleral Implant-Related Hypersensitivity

Retinal detachments, which can occur due to trauma, high
refractive error, after cataract surgery or due to the natural again
process, can be repaired by the use of scleral implants or “buckles.”””*
Scleral implants have been used since the 1930s,”® but only relatively
recently have silicone materials been introduced.” Since the intro-
duction of silicone materials, there has been some limited evidence
of foreign body reactions to silicone scleral implants.”” Shaikh
et al.”® examined the serum from 25 patients who had silicone scleral
buckles and found statistically significant IgG binding of silicone in
only one patient (4%), and this patient had systemic connective
tissue disease, which could be related to this occurrence. In compar-
ison, Pastor et al.”’ found that 35.7% of patients with a silicone
implant exhibited positive anti-silicone IgG-antibodies. Thus, infor-
mation to-date concerning the ability of silicone scleral implants to
induce an allergic response appears equivocal.

© 2013 Contact Lens Association of Ophthalmologists

NON-EYE-RELATED SILICONE
HYPERSENSITIVITY STUDIES

Silicone is used in a variety of biomaterial applications in body
sites other than the eye. The most extensively studied of these is
silicone breast implants, which are widely used and have been the
focus of many biocompatibility studies.**®> Some studies have sug-
gested that anti-silicone antibodies (mainly IgG) are present in patients
who have (or have previously had) silicone breast implants.**** In
addition to silicone breast implants, Goldblum et al.*® have suggested
the same for ventriculoperitoneal shunts. These findings remain con-
troversial, as other studies have reported the low likelihood of anti-
silicone antibodies®**” and no discernable difference in IgG binding to
silicone in patients with silicone breast implants, when compared to
those without.®' Levy et al.% performed a critical review of the liter-
ature regarding anti-silicone antibodies and concluded that most stud-
ies suggest silicone implants cause nonspecific foreign body reactions.

Recently, Petry et al.*® investigated the skin sensitization hazard
of five silicone materials and reviewed the work of other skin
sensitization studies. They concluded, based on the weight of the
available evidence, that the silicone materials investigated in their
and other studies are not a skin sensitization hazard to humans.

CASE STUDIES OF “SILICONE ALLERGY”

Although the human immune system only recognizes carbon-based
chemistry and while allergies can only be directed at proteins, there
have been a limited number of case reports in the literature. These case
reports, however, invariably turn out to be either not bone fide allergic
reactions (as there are no IgE antibodies involved)®®' or are other
types of hypersensitivity reactions, which can be attributed to impuri-
ties in the silicone material, such as metals complexed to human pro-
teins,” organomercury molecules,” or silicone-protein complexes.**

RECOMMENDATIONS TO EYE
CARE PROFESSIONALS

Clinicians do a disservice to their profession, their scientific
training, their patients, and to industry by invoking the phrase “sili-
cone allergy,” as the explanation for problems their patients might
encounter with silicone hydrogel lenses. Scientifically accurate and
sufficiently detailed explanations will ultimately lead to improved
options for correction of refractive error, less abandonment of contact
lens wear, and greater numbers of satisfied patients.

Patients may experience discomfort and/or adverse events due to
conditions such as contact lens peripheral ulcer and contact lens acute
red eye; however, these conditions should be attributed to inflamma-
tion caused by the presence of bacteria, which has been demonstrated
in a number of studies.”*>** Patients experiencing CLPC should be
informed that the cause is most likely due to denatured protein on the
lens and/or mechanical trauma caused by the lens design.”*® Patients
who experience infiltrates can be assured that this is not due to an
“allergy” to the material itself but rather a response to material depos-
ited on the lens material or care components released from it.

SUMMARY

In summary, this review has demonstrated that inflammatory
reactions in the eye are not directly caused by silicone but can
occur in response to antigens that can accumulate on or within
these silicone biomaterials.
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