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Abstract
Despite constant exposure to the external environment, the ocular surface rarely succumbs to infec-

tion. In general, such infection occurs only in the case of mechanical disruption of the epithelial barri-
er as a result of contact lens wear or injury. Prolonged or overnight contact lens wear resulting in corneal
stress may contribute to increased corneal susceptibility to infections and inflammation. Infection can
affect both the cornea (infectious keratitis) and conjunctiva (infectious conjunctivitis), but it is the most
serious when the cornea is involved because of its role in providing the majority of the refracting pow-
er of the eye and in consequence this may lead to loss of visual acuity or even blindness. In this paper
we describe a potential effect of prolonged contact lens wear on the pathophysiology of the ocular sur-
face in its immunological and molecular aspects.
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Introduction
It is estimated that 100 million people around the world

use contact lenses. This group represents 1.4% of the total
population and only 4% of 2.4 billion people wearing glass-
es. Contact lenses, as the optical correction closest to phys-
iology, should therefore be in the near future, the primary
means of compensating any defects in vision. In Poland,
more than 40% of the population need vision correction and
contact lenses are replacing glasses and becoming a com-
mon form of correction of refractive errors.

This paper discusses the basis of the ocular surface
immunology with particular emphasis on the specific reg-
ulation of the immune response associated with the use of
contact lenses.

Ocular surface
The ocular surface is composed of the corneal epithe-

lium, limbus and conjunctiva (palpebral, forniceal and bul-
bar conjunctiva). The innate immune system of the eye is
similar to other mucosal surfaces. The first tier is passive
and consists of several anatomic, physical and chemical

barriers that collaborate to prevent infection without induc-
ing inflammation. The second tier is active and consists of
cellular and secretory components that together cause acute
inflammation aimed at eradicating the pathogen. Despite
constant exposure to the external environment, the ocular
surface rarely succumbs to infection. In general, such infec-
tion occurs only in the case of mechanical disruption of the
epithelial barrier as a result of contact lens wear or injury.
The defenses confront a considerable challenge and infec-
tions become a significant cause of morbidity. Infection can
affect both the cornea (infectious keratitis) and conjunctiva
(infectious conjunctivitis), but it is the most serious when
the cornea is involved because of its role in providing the
majority of the refracting power of the eye and in conse-
quence this may lead to loss of visual acuity or even blind-
ness. The tear film coats the epithelia and its complex struc-
ture composed of an outer anterior-most lipid component
preventing evaporation, an aqueous component with its ions,
soluble mucins, enzymes and range of specialized proteins,
located directly on the epithelial surface, a thick mucus com-
posed of the gel-forming mucin MUC5AC [1, 2]. The essen-
tial function of the ocular surface, epithelia and tears in the
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first place is to create a great barrier that prevents micro-
bial attachment, killing or at least stopping proliferation of
constantly attacking organisms, and provide a detection sys-
tem that in the case of disruption of the primary innate
defenses, can activate the adaptive immunity to provide fur-
ther help to eliminate offending infectious elements.

Tear film
The tear film is crucial in providing physical defense to

the ocular surface. Blinking moves tears into the lacrimal sac,
in consequence helping to wash away any potential pathogens
before they interact and invade the corneal epithelium.
Lacrimal and accessory glands, and ocular surface epithelial
cells produce chemical components with antimicrobial prop-
erties. Lysozyme was the first indentified enzyme, which was
shown to kill Gram-positive bacteria. Secretory phospholi-
pase A2 (sPLA2) has been indentified as the major tear film
protein active against Gram-positive bacteria, having no activ-
ity against Gram-negative bacteria [1, 3].

Other groups of tear film components able to neutral-
ize microbial offenders are the cationic antimicrobial pep-
tides (AMP) and the α-defensins human neutrophil peptide
(HNP) 1, 2 and 3 (their level rising after the ocular injury).

Another example of cationic proteins found in tears,
which is able to interact with bacterial cell membrane caus-
ing their lysis, is β-lysine and secretory leukocyte protease
inhibitor (SLP1). Secretory leukocyte protease inhibitor can
prevent infection and protect host cells from devastating
effects of neutrophil enzymes.

Histatins are small histidine-rich AMPs with antifungal
activity detected in tears. Lactoferrin represents over 20 per-
cent of tear proteins and is characterized by high capacity
of binding cations; for example iron (essential nutrient),
which inhibits bacterial growth. Lactoferrin also has the abil-
ity to disrupt the cell membrane of some organisms [1, 4].
The collective family of C-type lectins, surfactant proteins
(SP)-A and (SP)-D are other antibacterial molecules con-
tained in the tear film. Surfactant protein A and SP-D are
produced by lacrimal gland cells and also corneal and con-
junctival epithelial cells. Surfactant protein D is known to
inhibit growth of some Gram-negative bacteria, and also to
promote pathogen phagocytosis by mononuclear cells. Sur-
factant protein D inhibits corneal epithelial cell invasion by
Pseudomonas aeruginosa probably by way of inhibiting
bacterial adhesion to target cells. The predominant
immunoglobulin in the tear film is secretory IgA (sIgA).
The major effector mechanism of sIgA is neutralization,
which prevents attachment to host cells. Secretory IgA is
also able to bind lectin-like adhesion molecules on
pathogens causing their aggregation and in consequence
trapping them within the tear film. Secretory IgA is pro-
duced by plasma cells residing in the lacrimal gland and in
specialized areas of the conjunctiva referred to as conjunc-
tival-associated lymphoid tissue. Active complement and

complement regulatory proteins have also been detected in
low levels in tears [5-7].

Epithelial cells
The superficial layer of epithelial cells is covered with

mucus composed majorly of gel forming mucin, MUC5AC,
secreted by goblet cells located in the conjunctiva in
response to the parasympathetic stimulation. This mucus
interacts with the glycocalyx coating the epithelial cells.
Mucins are known to help prevent bacteria from reaching
the epithelial surface. Mucins have the ability to trap the
pathogens, which can be effectively removed from the ocu-
lar surface. Secretory IgA, positively charged proteins like
lysozyme and SLP1 accumulate in the mucosal layer and
provide a variety of antibacterial agents. Bacteria are trapped
by the mucins, killed by antibacterial substances, coated
with IgA and removed by blinking. Open eye tears have
lysozyme, lactoferrin, lipocalin and sIgA in their composi-
tion. Closed-eye tear film has increased amounts of sIgA.

There is a significant migration of neutrophils within
2-3 hours of eye closure, which constitutes a considerable
defense factor. It is important to mention the increased lev-
els of such proteins as SLP1 and elafin, which have pro-
tease activity, or vitronectin able to inhibit the complement.
These proteins help to protect the ocular surface constant-
ly exposed to the proinflammatory environment. Cells com-
posing the superficial epithelial layer of the cornea are
bound by tight junctions, sealing them together, creating
a mechanical barrier against diffusion of not only fluids, but
also microorganisms and their secreted products. Tight junc-
tions also contribute to cell polarity maintenance. Disrup-
tion of polarity of these epithelial cells increases suscepti-
bility to infection. Corneal and conjunctival epithelia have
a population of stem cells providing new cells to replace
those being shed into the tear film [8, 9].

Contact lenses
For over three decades now, an increased risk of corneal

infection has been associated with daily and mainly overnight
contact lens wear compared with no lens wear. Contact lens
has been shown to interfere with most of the physiological
functions of the tear film. During eye closure, the physio-
logical environment of the ocular surface undergoes some
important changes including hypoxia, reduced pH and imped-
ance of flushing of debris and proper tear resurfacing of the
corneal epithelium [3]. Challenges connected with the con-
tact lens wear are very comparable to those imposed by eye
closure. During sleep, neutrophils are thought to take a major
role in defending the outer surface of the eye [10-13]. High
levels of cytokines and lipid inflammatory mediators are pres-
ent in tears following eye closure. These mediators are
responsible for the recruitment of neutrophils to the ocular
surface during eye closure [14-16].
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Cytokines
Cytokines produced by a variety of cells play a crucial

role in intercellular communication by delivering signals that
influence activation, growth, differentiation and migration
of target cells. Cytokine signaling between cells often
involves a network of effects. At the site of inflammation,
recruitment of specific leukocyte populations is connected
with the target cell specificity of the individual cytokines or
other mediators. In general, overnight contact lens wear mod-
ulates the presence of inflammatory mediators and neutrophil
numbers. Alteration in the inflammatory cell number may
severely reduce the ability of the ocular surface of the clear-
ance of bacteria or debris during sleep [17, 18]. Prolonged
or overnight contact lens wear resulting in corneal stress may
contribute to increased corneal susceptibility to infections
and inflammation. Some studies showed that these two fac-
tors; eye closure and hydrogel contact wear promote or mod-
ify the growth of the microbiota [19, 20]. It is well known
that after a period of sleep, during extended hydrogel con-
tact lens wear, there occurs the inflammatory disease: con-
tact lens-induced acute red eye (CLARE), manifested by an
acute pain, photophobia, reddening of conjunctiva and pro-
nounced lacrimation, with limbal and conjunctival hyper-
emia, and subepithelial focal and diffuse infiltrates in the
cornea. A correlation has been shown between CLARE and
Pseudomonas aeruginosa, Serratia marcescens and
Haemophilus influenzae, which are able to colonize the con-
tact lens. Another ocular surface trouble associated with
improper contact lens wear is CLPU – contact lens-induced
peripheral ulcers. Basically it is a self-limiting condition,
where corneal changes do not progress beyond a small and
peripheral lesion, but may occur because of the full thick-
ness epithelial break in subsequent scarring. The etiology is
not fully known, but there are several microbiological
demonstrations of contribution of Gram-positive bacteria
like Staphylococcus aureus [21, 22].

A large number of studies report the presence of the
interleukin 1 (IL-1), IL-6, IL-8 and also granulocyte mono-
cyte colony stimulating factor (GM-CSF) in all layers of
human cornea [23, 24]. In vitro studies have shown that
addition of exogenous IL-1 or tumor necrosis factor α
(TNF-α) to corneal cell cultures stimulates the synthesis of
IL-6 and IL-8 [25]. In response to injury, infection and pro-
longed contact lens wear, lipid inflammatory mediators may
be released by the cornea. Platelet activating factor (PAF)
and leukotriene B4 (LTB4) are present on the ocular sur-
face in the case of any inflammation [26]. A strong mech-
anism of an upregulation of IL-1, IL-6, TNF-α, LTB4,
thromboxane B2 (TxB2) and prostaglandin E2 (PGE2) has
been demonstrated in response to cornel infection of
Pseudomonas aeruginosa [27].

Moreover, it has been proved that under specific, stim-
ulated conditions, hypoxia or injury for instance, rabbit
epithelial and stromal cells can synthesize PAF and

eicosanoids [27]. The effect of these arachidonic acid
metabolites on the microvasculature and inflammatory cells
overlap proinflammatory cytokines.

In the past, the presence of inflammatory cytokines in
tears of individuals experiencing corneal inflammation was
reported (TNF-α, TNF-β1, TNF-β2, IL-1α, IL-1β, EGF,
VEGF, PDGF and HGF) [28-30].

The chemotactic agent associated with CLPU appears
to be LTB4, and, to a lesser extent, PAF. Significantly high-
er levels of both lipid mediators in subjects undergoing
CLPU suggest a possible pathophysiological role of LTB4.
Leukotriene B4 may be involved in both processes; main-
ly development and progression of the inflammatory
response and infiltration of neutrophils into the corneal stro-
ma [31]. Production of LTB4 may be coupled with PAF syn-
thesis [28]. PAF-like activity in conditions of optimal con-
centration characteristic of chemotaxis, may be able to
induce adhesion molecules on leukocytes and increase vas-
cular permeability and vasodilatation. It is possible that
CLPU bacterial products, i.e. toxins, are at the origin of tis-
sue necrosis and may induce production of arachidonic acid
metabolites. At the focal site, PMN may be recruited and
activated by these proinflammatory mediators. During
CLPU, LTB4 and PAF are released by damaged epithelial
cells, which then recruit PMN. The stimulus causing the
epithelia disruption or damage does not appear to activate
PMN or epithelial cells to synthesize cytokines. In an ocu-
lar surface inflammation model, LTB4 has been shown to
originate from corneal epithelial cells, stromal keratocytes
and infiltrating PMN. Increased corneal epithelial produc-
tion of 12-HETE and 12-HetrE (arachidonic acid metabo-
lites) has been demonstrated in a closed eye contact lens
model of corneal inflammation [31-33].

In CLARE, the presence in the tear film of IL-8, LTB4
at submaximal concentrations for chemotaxis and the effect
of PAF indicate that these components collaborate to pro-
duce an increased chemotactic effect. The crucial stimulus
for the synthesis of those mediators seems to be endotox-
in/lipopolysaccharide originating from Gram-negative bac-
teria adherent to the contact lens. Endotoxin is a well-known
stimulator of a large number of cells in mammals produc-
ing cytokines and arachidonic acid metabolites. The adher-
ent Gram-negative bacteria may release its own chemotac-
tic agents in order to stimulate the infiltrative response.
A cytokine playing an important role in CLARE in tears is
GM-CSF. This molecule primes PMN for enhanced activ-
ity in response to most chemotactic agents [34].

An experimental model in which CLARE tears treated
PMN showed an increase in positive cells expressing IgA
receptor as compared to untreated PMN and this may indi-
cate that GM-CSF in CLARE tears was functional. GM-
CSF-primed PMN have been shown to enhance synthesis
and release of PAF and LTB4 [35]. Involvement of these
mediators does not exclude the probability of other inflam-
matory mediators playing a role in the initiation of the
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response. A large number of Gram-negative bacteria like
Pseudomonas aeruginosa, Serratia marcescens or Haemo-
philus influenzae adherent to contact lens, may induce pro-
duction of IL-1β from epithelial cells and may play a major
role in early events of the inflammation.

There is a probability that mucosal epithelial cells are
activated directly by the bacteria or bacterial products and
produce IL-6 and IL-8 in the absence of IL-1β or TNF-α.
Interleukin 1β might be downregulated in early stages of
inflammatory response [36, 37]. Interleukin 8 and LTB may
maintain the PMN response in vivo alone or in combination
with other mediators during contact lens-induced inflam-
matory responses, in CLARE and CLPU.

The presence of IL-8, GM-CSF, LTB4 and PAF-like
activity in CLARE tears leads to recruitment and activation
of PMN. The lack of corneal disruption or damage during
CLARE indicates that the PMN and bacteria are not releas-
ing tissue-damaging enzymes (proteases) or that naturally
present inhibitors neutralize their effects.

The presence of increased concentrations of LTB4 and
PAF in CLPU tears, and the increased level of LTB4 in
comparison with CLARE tears, associated with subsequent
stromal scarring may indicate that the PMN activates and
releases proteases involved in stromal collagen remodeling,
resulting in scarring. In contact lens wearers, PMN seems
to be the major defense cell recruited into the corneal stro-
ma. Production of IL-8 and LTB4 may inhibit in a selective
manner a PMN response without inhibiting the initiation of
the response by other mediators and without impairing the
immune response necessary to stop the inflammation.

It is well known that contact lens wear can modify the
numbers of PMNs recruited into the cornea during eye clo-
sure and also can modulate the concentration of inflamma-
tory mediators in the tear film. During sleep the tear film
becomes enriched in sIgA, which can constitute even 80
percent of the total tear protein.

It has also been reported that extended wear contact lens
usage may induce Langerhans cells migration into the
cornea. Langerhans cells (LC) are specialized, antigen pre-
senting cells that have been histologically localized at a large
number of epidermal and mucosal sites, including the eye
[38, 39]. Under normal physiological conditions, those cells,
constitutively expressing major histocompatibility class II
antigen, are absent from the central cornea [40]. Langer-
hans cells, which are capable of presenting foreign antigen
to CD4+ T cells, are present in the conjunctival epithelium
adjacent to the cornea. Various stimuli, like injury, hypox-
ia or infection cause the cells to migrate from the conjunc-
tiva into the central cornea. Langerhans cells from the con-
junctival epithelium are immature with limited antigen
presenting functions. Cytokines synthesized in the corneal
tissue may have the ability to stimulate migration and mat-
uration of these cells [41]. The density of LC in the central
cornea at the time of T cell infiltration may determine the
relative contribution of CD4 and CD8 lymphocytes to the
immune response to viral herpetic infection in the cornea.

Extended contact lens wear may constitute a stimulus
to induce the Langerhans cells migration into the cornea
even after 2-week wear [43, 44]. The LC migration has been
reported in another study (guinea pig corneas) after 2-4 days
of wear. In users of extended wear contact lenses, the pres-
ence of LC in the central cornea can theoretically predis-
pose such eyes to more rapid response to insults.

These cells can initiate antigen processing and enhanced
immune responsiveness. In the case of parasite infection
(Acanthamoeba keratitis) in the cornea, increased antigen
presentation was beneficial in its prevention [44]. But in
contrast to the potential benefit of LC in cornea, in
immunopathological diseases involving antigen presenta-
tion to T cells, LC have been shown to migrate from the eye
to the lymph nodes, where they present viral antigen to
native CD4+ T lymphocytes which migrate back to the eye,
where they enhance further inflammation. In the ocular tis-
sue, the inflammatory component of the immune response
may be involved not only in eradication of pathogens, but
also can promote damage of host tissue and subsequent
impairment of vision. It has been shown that severe, bacte-
rial corneal infection (Pseudomonas aeruginosa) correlates
with CD4+ T cells (Th1) regulating inflammatory response.
And highly destructive stromal inflammations, potentially
leading to perforation are mediated by these cells [45]. The
thesis that the extended contact lens wear contributes to the
increased risk of LC presentation to T cells in immune-
dependent and mediated inflammatory responses, may be
legitimate [46, 47]. Putting on a contact lens always leads
to the disintegration of the tear film, mainly to the dys-
function of its integrity and stability, and in the long-term
might also cause the Meibomian gland dysfunction. These
conditions are often, apart from nourishing negligence,
a starting point of complications associated with contact
lens use so you should know the distinct immune surface
of the eye and try to act so that it does not interfere signif-
icantly and try to avoid damage to its important receptors.
Immunology of the ocular surface is an integral part of oph-
thalmologist’s professional knowledge and its understand-
ing should determine a safe, long-term use of contact lens-
es and also might contribute to the development of new
technologies and materials.
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