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Ocular surface inflammation is propagated by a complex series of molecular processes and
has been implicated in the pathogenesis of dry eye disease (DED), either as a causal or a
downstream effect of ocular surface disease. A state of hyperosmolarity elicits an acute
immune response in DED, leading to subsequent activation of the adaptive immune
response. This cascade incites dysregulation of the immune system, triggering a vicious
cycle of events that causes damage to the ocular surface. Symptoms associated with these
events include burning, irritation, redness, photophobia and blurred vision. The chronic
nature of the disease process can cause permanent alterations to the ocular surface and
adnexa. An increasing investment in treatment options, and positive outcomes with novel
therapies that have received subsequent regulatory approval, lends further support to the
role of inflammation in DED. This review highlights the nature and function of a range of
fundamental inflammatory molecules in DED to provide the clinidan with an appreciation
for the ways in which these factors might be manipulated in DED management.
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Dry eye disease (DED) is one of the three
most rapidly growing eye problems in the
ageing population, and shows increasing

prevalence worldwide. Patients present
with chronSc burning, imtated, red eyes and
visual problems such as photophobia and
blurred vision, which may not be sight-
threatening in themselves, but affect quality
of life sufficiently to encourage affected indi-
viduals to seek therapy for symptomatic
relief. These symptoms are also consistent
with a diagnosis of blepharitis. Untreated,
severe blepharitis has the potential to
induce permanent eyelid margin alter-
ations3 and, in more severe cases, vision
loss from superficial keratopathy, corneaf
neovascularisation or ulceration.

DED and blepharitis are recognised to be
intimately linked, with the majority of

patients with DED exhibiting some element
of underlying chronic blepharitis. ' Quality
of life for patients with DED can be signifi-
cantly impacted. ' Equivalent severity mea-
sures note asymptomatic DED sufferers are
affected similarly to those living with physi-
cal restrictions and occasional pain while
moderate dry eye symptoms can be as
debilitating as severe angina.' Arresting
disease progression to manage symptoms is

therefore a critical part of the eye-care

professional's role.
The Tear Film and Ocular Surface

Society's (TFOS) recently published second
Dry Eye Workshop (DEWS II) report has
defined dry eye as 'a multifactorial disease
of the ocular surface characterised by a
loss of homeostasis of the tear film, and
accompanied by ocular symptoms, in
which tear film instability and hyperosmo-
larity, ocular surface inflammation and
damage, and neurosensory abnormaiities

play etiological roles'. A schematic repre-
sentation of the pathophysiological mech-
anisms at the core of DED, based on the
Dry Eye Workshop findings (Figure 1), indi-
cates the complexity of the disease path-
way and highlights the common chain of
events that can lead to the loss of homeo-
stasis at the ocular surface. '

Tear hyperosmolarity and tear film insta-
bility are recognised as key drivers of
DED. Low aqueous tear flow and/or
excessive evaporation induce hyperosmo-
larity at the ocular surface, which triggers
the release of inflammatory mediators into
the tear fluid, and initiates an inflammatory
cascade. Causing injury to the corneal
and conjunctival epithelial cells prompts

changes that include cell death by apopto-
sis, goblet cell loss and reduced mucus
secretion, and contributes to further tear
film instability and increased hyperosmo-
larity, thereby perpetuating the vicious
cycle. This article summarises current evi-
dence on the role of inflammatory mole-
cules in DED.

Inflammation in dry eye disease
development and propagation

Inflammation has been implicated in the

pathogenesis of DED,12"15 most notably in
conditions such as Sjogren's syndrome.
However, in meibomian gland disease a
lack of evidence confirming inflammation
within the meibomian glands, suggests that
ocular surface inflammation in this condi-
tion exists as a sequela of ocular surface
insult. Indeed, in the context of the self-

perpetuating nature of the condition
described as the 'vicious circle of dry eye
disease', it is not inconceivable that both
initiating and downstream inflammation
can occur. ' ' Tissue culture, animal
models and human studies independently
contribute to the current understanding of
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Figure 1. Mechanisms of dry eye disease. Arising from either excessive evaporation
or aqueous deficiency, the core mechanisms of dry eye elicit a vicious cycle of dam-
age to the ocular surface and lead to tear hyperosmolarity. The cyclical activation of
inflammatory mediators provokes goblet cell loss, reduced mucus secretion and apo-

ptosis of epithelial cells, further destabilising the tear film, Adapted from TFOS DEWS
II (2017).

the complex set of biological processes
involved in the vicious circle of DED,
which initiate and propagate ocular surface
assault. ' A common aim among
researchers has been to identify and quan-
tify biomarkers of inflammation and
explore their response to treatment with
anti-inflammatory agents.

Hyperosmolarity is a fundamental fea-
ture in DED, irrespective of the dry eye
subtype, and is the likely trigger of the
acute immune response. Stress induced
by desiccation provokes epithelial activa-
tion, involving pathways by which the pro-
duction of inflammatory mediators at the
ocular surface is stimulated. ' • The
subsequent activation of an adaptive
immune response drives the Jnflamma-
tory cascade, causing further damage to
the ocular surface. It has been proposed
that this vicious cycle continues through
the dysregulation of the immune

system. 5 To more fully understand the
inflammatory cascade Jn DED, it is impor-
tant to consider the roles of the key
molecular and cellular mediators associ-
ated with DED.

Molecular mediators

A number of molecu!ar mediators that are
involved in the development of DED have
been descnbed.

Cytokines and chemokines
Cytokines are signalling molecules that
mediate intercellular communication. The

production of pro-inflammatory cytokines is
upregu!ated by damage of an osmotic,
inftammatory or mechanical nature,23 Inter-
leukins are cytokines that are used in the
communication between leucocytes; how-
ever, many different cell types are capable

of producing and responding to interleukins,
including epithelial cells. Clinical studies
consistently report upregulation of the fol-
lowing cytokines in the tears of DED

patients: interleukin-1, interleukin-6, tumour
necrosis factor-alpha and transforming

growth factor-betal n'M

A number of cytokines have been inves-
tigated with respect to their alterations in
ocular surface disease, including
interferon-Y which was shown to correlate
with tear hyperosmolarity and ocular surface
staining, in a primarily evaporative DED
cohort, in a recent study described by Jack-
son et al. The results of this study lend
support to the consideration of specific cyto-
kines as biomarkers that might be used in

point-of-care diagnostic testing for DED in
clinical practice in the future,

Table 1 summarises key studies which
identified cytokine-related immune
responses and describes the associated
DED pathology. Cytokine levels within con-

junctival and tear samples in DED patients
or models exhibit variations from normal
at the ocular surface reflecting the loss of
homeostasis.

Chemokines are cytokines that regulate
the directed migration of immune cells, in a

process known as chemotaxis. The chemo-
kine, interleukin-8, is consistently found in
the tear film and conjunctiva of patients
with dry eye. • It can be produced by any
cell with toll-like receptors, such as epithelial
cells and macrophages, and acts as a che-
moattractant for neutrophils, as part of the
innate immune response.

Matrix metalloproteinases
Matrix metalioproteinases are endopeptidases
involved in tissue remodelling. Eievated
levels of pro-matnx metalioproteinase-9
and increased activity of matrix
metalloproteinase-9 have been shown in clin-
ical evaluations of DED. • )n experimental
dry eye models, matrix metalloproteinase-1,
matrix metalloproteinase-3, matrix
metalloproteinase-9 and matrix
metalloproteinase-13 have all been found
to be upregulated in the corneal epithelium
in response to hyperosmolar stress. •

Furthermore, knockout models of matnx
metalloproteinase-9 implicate this mole-
cule as having a fundamental role in
inflammation at the ocular surface. Point-
of-care technology for qualitative assess-
ment of matrix metalloproteinase-9 at the
ocular surface now allows detection of clin-
ically significant inflammation in DED.
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Th-17 IL-17a;IL-17f;
IL-21; IL-22

IL-22andTNF-u

Immune response and pathogenesis
inDED

Activates macrophages for the protection
against intracellular micro-organisms

Promotes cytotoxic T cells
-fr IFN-y in tear concentration leads to
reduced gobiet cell density and increased
epitheliat apoptosis

Antagonises IL-13

Mediates immunityagainst parasitic
infection

IL-4and IL-13promote B cell activation

IL-5 activates B cell immunoglobulin
secretion and eosinophil activation

IL-5 is elevated in DED and levels
correlate with symptom severity

^. IL-13 appears to have a homeostatic
function at the ocular surface, specifically
related to goblet cell function

Induces the production of other pro-
inflammatory cytokines, chemokines and
MMPs

Involvement in autoimmunity and tissue
inflammation

<t IL-17 stimulates MMP-3 and MMP-9
mRNA by corneal epithelium and corneal
barrier disruption

Imrriunity and remodelling in
inflammatory disease

Th-22 (in the
presence of
TNF-a and IL-6)

DED: dry eye disease, IFN: interferon, IL: interleukin, MMP: matrix metalloproteinase, NK: natura! killer.
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Table 1. T-helper related cytokines involved in dry eye disease (DED). T helper cells secrete cytokines, which modulate various
immune responses and are responsible for their functional roles. The cytokines listed within this table have been detected in
either the tears or conjunctiva in human studies or DED models. The immune response and associated pathology are described
alongslde the change in the levels ofthese cytokines.

Major histocompatibility
complex
Human leukocyte antigen - antigen D-related
is a type of major histocompatibility com-

plex class II cell surface receptor involved
with antigen presentation. Cluster of
differentiation 40, 154, 80 and 86 are all
co-stimulatory molecules involved in
antigen-presenting cell and T-cell interac-
tions. The presence of these markers is
increased in DED, suggesting that antigen

presentation occurs efficiently in this dis-
ease process.45 Fas and Fas ligand are two
other human leukocyte antigen subtypes
that, upon interaction, induce apoptosis.
These immunomodulatory molecules have
been found in the conjunctiva and lacri-
mal glands of patients with DED, indicat-
ing cellular infiltration as these molecules

perform a regulatory role in immune cell
activation.

Cell adhesion molecules
Cell adhesion molecules are surface mole-
cules that enhance cellular migration by
binding components within the extracellu-
lar matrix. These promote the infiltration
of immune cells onto the ocular surface of
dry eyes. Elevated levels of intercellular
adhesion molecule-1 and vascular cellular
adhesion molecule-1 have been identified
in the conjunctiva and lacrimal glands
in DED. Treatment with monoclonal
antibodies against murine intercellular
adhesion molecule-1 and lymphocyte
function-associated antigen-1 resulted in
decreased ocular surface inflammatory
infiltrates in an experimental DED mode!.47

Therapies targeting the inhibition of cellular
adhesion molecules have proven to be useful
in the (reatment of DED.48

Cellular mediators

Cellular mediators that are integral to the
inflammatory cascade include antigen-

presenting cells, effector T cel!s and regula-
tory T cells, and natural killer cells. Antigen-

presenting cells respond to danger signals
from microbial pathogens, for example, by
internalising, processing and presenting
antigens on their surface via major histo-
compatibility complexes and co-stimulatory
molecules. The purpose of presenting anti-

gens is to activate effector T cells, of which T
helper type 1 and T helper type 17 are
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thought to be the primary effector T cells in
DEO.38'49-5'

RegulatoryTcellsare a distinct family ofT
cells involved in the suppression of the
immune response. Regulatory T cell abnor-
malities have been identified in systemic
autoimmune conditions such as Sjogren's
syndrome,52 systemic lupus erythematosis
and rheumatoid arthritis,54 all ofwhich have
recognised associations with DED.

Natural kifler cells are capable of secreting

pro-inflammatory cytokines and killing
infected cells. They have been implicated
in the pathogenesis ofvarious autoimmune
diseases; however, little is known about
their function in the context of DED. Investi-

gations of natural killer cell activity and fre-

quency in Sjogren's syndrome have yielded
varying results. Natural killer cells do not
seem to infiltrate the conjunctival epithe-
lium of patients with dry eye. However,
interferon-gamma-secreting natural killer
cells located in draining lymph nodes have
been implicated in the early development of
expenmental DED.

Intracellular signalling
The intracellular signalling pathway of
inflammation has been proposed to begin
with the activation of stress-associated
mitogen-activated protein kinases such as
C-Jun N-terminal kinase, extracellular signal-
related kinase and p38. These signalling

pathways stimulate the transcription factors,
nuclear factor kappa B and activator

protein-1, thereby inciting the production of

pro-inflammatory cytokines, chemokines
and matrix metalloproteinases.61 Such
inflammatory mediators promote the activa-
tion and maturation of immature antigen-

presenting cells in response to environmen-
tal and/or microbial stress. The mature
antigen-presenting cells migrate to the lym-

phatic system and are responsible for prim-
ing naTve T cells to generate autoreactive
CD4+ T helper cells.38'4'1 These T cell classes
re-enter the ocular surface via the efferent
vasculature where they promote the pro-
duction of additional pro-inflammatory
cytokines.

T helper-1 secreted interferon-gamma
upregulates the production of chemokines,
chemokine receptors and cellular adhesion
molecules, that facilitate the ingress of path-
ogenic immune cells. This includes the T
helper-17 subset that secretes interleukin-
17, further promoting epithelial damage by
stimulating the production of pro-inflammatory
cytokines and matrix metalloproteinases.38

The self-perpetuating cycle of inflammation
that develops is integral in the pathogenesis of
DED(Rgure2).

Immune-mediated changes
Epitheliopathy, neuropathyand lymphangio*

genesis are three immune-mediated
changes that occur in DED. Clinically, epithe-
liopathy is the most widely recognised iea-
ture ofocular surface disease, in part due to
the ease and practicality of adnninistering
diagnostic surface stains such as sodium
fluorescein, lissamine green. and more his-
torically, rose bengal. It has been noted in
mouse models that DED increases epithelial
cell density and thickness, decreases epithe-
lial cell size and increases epithelial cell
turnover.1'2'63

Inflammation at the ocular surface is inti-
mately linked to this epithelial dysfunction
since the cytokines interleukin-1 and
interferon-gamma cause squamous cell
metaplasia of conjunctival epithelial cells
and interferon-gamma also reduces goblet
cell differentiation. • Apoptosis of epithe-
lial cells can be induced by stress-associated
mitogen-activated protein kinases and
tumour necrosis factor. ' The matrix
metalloproteinases that are produced in
response to desiccating stress, promote cor-
neal extracellular matrix destruction and
epithelial cell loss. lnterleukin-17 has also
been shown to disrupt comeal epithelial
bamerfunction.

Corneal nerve abnormalities can lead to
further ocular surface damage and contrib-
ute to the perpetuation of the vicious cycle
of inflammation. The comea, with its
densely innervated nerve plexus, represent-
ing more than 7,000 nen/e endings per
square millimetre, Js one of the most sensi-
tive tissues in the human body. Abnormal-
ities in corneal nerve morphology have
been shown to correlate with DED sever-
ity. A healthy cornea has nen/e endings

protected between layers of epithelial wing
cells; however, the inflammatory-mediated
epitheliopathy described earlier, results in
exposure of the nen/es to mechanical and
inflammatory insu!t. Inflammatory cytokine
exposure increases the synthesis of neuro-
trophic factors that stimulate nen/e growth,
often with reduced sensitivity and altered
sub-basal nen/e morphology. Corneal
nerve tortuosity, and thinning have been
observed in DED.67'68

The creation of afferent lymphatic vessels
and blood vessels is usually the result of a
co-ordinated mechanism that occurs when

the need arises. However, in DED, lymphan-

giogenesis occurs without associated hae-
mangiogenesis, Immunohistochemical
analysis of DED corneas identified the pres-
ence of lymphatic endothelial marker 1
expressed by macrophages and lymphatic
vessels. Lymphangiogenesis is promoted
by the expression of vascular endothelial

growth factors and associated receptors.
lnterleukin-17 has also been shown to

upregulate expression of vascular endothe-
fial growth factor classes C and D, which

promote lymphangiogenesis in DED.50
These newly formed lymphatic vessels in
the cornea are a means by which antigens
and antigen-presenting cells travel between
the ocular surface and lymph nodes. Hence
there is a possibifity that inhibition of lym-

phangiogenesis could be a therapeutic strat-
egy for DED.70

Effect of treatments for dry eye
disease

Corticosteroids
Studies have demonstrated the efficacy of
corticosteroids in the management of DED
at molecular, cellular and clinical levels. •

This provides further evidence of the inti-
mate relationship between inflammation
and DED and a reason for anti-inflammatory
therapies to be explored for the intention of
breaking the inflammatory cycle in the short
term.73 Current consensus supports sup-

pression of the inflammatory component of
the disease process initially and offering
additional management of the source of
inflammation in the longer term in best
treating DED."

Corticosteroids function by binding to

glucocorticoid receptors and inhibiting the
expression of inflammatory molecules,

promoting anti-inflammatory molecules
and stimulating apoptosis of the lympho-
cytes responsible for promoting autoim-
mune responses. Clinical trials have
demonstrated their positive role in dimin-
ishing symptom severity and ocular sur-
face staining. Unfortunately, long-term
topical administration of corticosteroids
has numerous adverse side effects includ-
ing cataract development. ocular hyperten-
sion and increased risk of
microbial infection from opportunistic
microbes.78

A repeated short-term treatment regime
is a recognised method of benefiting from
the effect of the corticosteroid while
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Figure 2. A self-perpetuating cycle of inflammation involving the ocular surface and associated lymphatic vessels and surrounding
vasculature. Tear hyperosmotarity activates intracellular signalling pathways causing the production of pro-inflammatory cytokines

(interleukin-1, interleukin-6 and tumour necrosis factor-alpha). This provokes the activation of mature antigen-presenting cells
which migrate via the afferent lymphatic system to the draining lymph node. Here they induce effector T cells CT helper-1 and T
helper-17) which migrate via the efferent vasculature to the ocular surface. Interferon-gamma and interleukin-17 are secreted by
the effector T cells which further promote pathogenic effects via the production of pro-inffammatory cytokines, chemokines, matrix
metalloproteinases such as matrix metalloproteinase-9 and cell adhesion molecules, leading to damage at the ocular surface.

minimising the risk of adverse side
effects. ' Reduced side-effects are also
obsen/ed with corticosteroid preparations
that undergo local metabolism in the cor-
nea, such as fluorometholone 0.1 per cent

(generafly prescribed two to four times a
day for up to four weeks), that minimise

penetration into the aqueous humour.

Cyclosporine A
The immunomodulatory activity of cyclo-
sporine A is utilised in the treatment of
immune-based disorders including DED.

Topical administration of cyclosporine A
has been shown to increase tear fluid
secretion through the activation of para-
sympathetic neurotransmission. Lym-

phocyte binding inhibits the protein
phosphatase, calcineurin, which prevents
activation of the interleukin-2 transcrip-
tion product hindering T cell replication.
Cyclosporine is therefore a potent inhibi-
tor of T cell proliferation and the associ-
ated immune response.

Several clinical trials have shown that
long-term treatment with cyclosporine A

0.05 per cent ophthalmic emulsion can yield
positive results with regard to objective and
subjective findings. ' Corneal surface
staining, Schirmer test, vision and frequency
of artificial tear administration have all
shown improvement. 2'83 Drawbacks from
higher dosing frequencies include buming
and irritation of the ocular surface upon
insti!lation. However, recent availability of a
0.1 per cent formulation (Ikervis) has shown
statistically significant improvements in ocu-
lar surface inflammation and was well toler-
ated in adultswith DED-induced keratitis.
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While topical fluorometholone has been
shown to be more effective than cyclo-
sporine eye drops in controlling dry eye
signs and symptoms in Sjogren's syn-
drome, 5 the recognised and not insigni-
ficant side effects associated with
corticosteroid use would favour cyclo-
sporine as the lower-risk clinical option
for long-term therapy.

Tetracycline derivatives
Tetracycline derivatives are unique in that
they possess both antibacterial and anti-
inflammatory properties. The antibacterial
mechanism reversibly binds to bacterial ribo-
somes and inhibits the production of pro-
teins. The immunomodulatory properties of
orally administered tetracydine derivatives
have been explored in chronic immune-
mediated diseases including DED second-
ary to ocular rosacea and blepharitis.

Minocycline mhibitsthe expression ofcell-
associated pro-inflammatory molecules
including major histocompatibility complex
class II.92

Doxycycline helps to down-regulate the
expression of pro-inflammatory cytokines
interleukin-1-beta and tumour necrosis factor
alpha as well as inhibit the activity of matrix
metalloproteinase-9. thereby supporting ocu-
lar surface integrity. ' It may also exert its
anti-inflammatory effects through its ability
to scavenge reactive oxygen species and
inhibit phospholipase A2 activity, In the
context of DED management, doxycycline
and minocycline are used for their anti-
inflammatory and lipid-regulating effects,
thus therapeutic doses (typically 50-100 mg
daily for up to 12weeks), are significantly
less than the bactericidaf doses used to treat
microblal Infection.96"'"

Macrolides
The macrolide antibiotic azithromycin in an
off-label, low-dose, oral appiication has
been shown to be beneficial in treating DED

patients due to its anti-inflammatory poten-
tial,99'100 Both a five-day course of oral azi-
thromycin (500 mg on day 1 and then
250 mg/day) and a one-month course of
doxycycline (200 mg/day) significantly
improved symptoms of meibomian gland
disease; however, the course of azithromy-
cin was deemed preferable for clinical use
due to a greater reduction in clinical signs of
meibomian gland disease, fewer adverse
effects and a shorter duration of
treatment, which has the potential to aid

patient compliance.

It has also been shown that meibomian

gland epithelial cells exposed to azithromy-
cin can stimulate their lipid accumulation
and promote function and differentiation
in vitro.w These same effects were not
observed when meibomian gland epithelial
cells were exposed to tetracycline
antlblotlcs.'02

Tacrolimus, also known as FK506, is a
macrolide antibiotic with potent immuno-
suppressive properties. Similar in its
mechanism of action to cyclosporine A,
tacrolimus blocks interleukin-2 production
and thereby inhibits further T lymphocyte

proliferation, However, cyclosporine A
and FK506 do differ in the site of inhibition
along this antigen-specific T cell activation

pathway. While both antagonise calcineurin
activation thereby inhibiting interleukin-2

gene transcription, only FK506 appears to
work on other pathways of T cell activation
by potentially blocking cytokine receptor
expression and attenuating the response to
cytokine stimulation, Prepared as an oint-
ment, FK506 has shown good penetration
through cornea and conjunctival tissue and
effective reduction in clinical signs of inflam-
mation for patients with atopic blepharoker-
atoconjunctivitis, Thygeson's superficial

punctate keratitis and nummular adenoviral
keratitis. It is therefore gaining interest as
a therapy to control ocular surface inflam-
matory disease.

Lifitegrast
Three randomised. double-masked,

placebo-controlled trials involving over
2,500 DED patients (one Phase II and two
Phase III trials, OPUS-1 and OPUS-2) have
investigated the efficacy of Lifitegrast oph-
thalmic solution 5.0 per cent (Xiidra, Shire
Pharmaceuticals). The outcomes of these tri-
als have relatively recently led to the first
USA Food and Drug Administration-
approved prescription eye drop for the
treatment of DED in the USA since Restasis
was approved over a decade ago.

Lifitegrast is a novel small moiecule integ-
rin antagonist which blocks the binding of
intercellular adhesion molecule-1 to the
integrin lymphocyte function-associated
antigen 1 on the T cell surface. It thereby
inhibits subsequent cytokine release within
the T cell-mediated inflammatory cascade
implicated in DED pathophysiology. The
results have demonstrated that topically
administered Lifitegrast 5.0 per cent oph-
thalmic solution can rapidly reduce symp-
toms of eye dryness and decrease ocular

surface staining. Togetherwith an accept-
able long-term safety profile, it shows prom-
ise as a new treatment option for DED. 7

Essential fatty acids
Essential fatty acids are the precursors to
immune modulators such as prostaglandins,
prostacyclines, thromboxanes and leukotri-
enes. Essential fatty acids are biologically
essential but, as they are unable to be
synthesised by the human body, ingestion
within the diet or through dietary supple-
mentation is required. The balance between

pro- and anti-inflammatory mediators can
be influenced bythe essential fatty acid con-
tent in the diet.'08

A high omega-6 to omega-3 ratio is com-
mon in the modem Western diet and has
been associated with the pathogenesis of
numerous diseases including cardiovascular
disease, cancer and autoimmune condi-
tions. Omega-3 fatty acids are almost
exclusively anti-inflammatory, blocking the

production of prostaglandins, leukotrienes
and cytokines such as interleukin-1 and
tumour necrosis factors108'110 by a process
of competitive enzyme inhibition, and
thereby shifting the balance to a less inflam-
matorystate.103

Both marine and plant sources of omega-
3 fatty acids exist. Fish oils are a source of
long chain eicosapentaenoic acid (20:5
omega-3) and docosahexaenoic acid (22:6
omega-3), while the predominant omega-3
fatty add in plants is the shorter chain
alpha-linolenic acid (18:3 omega-3), To
achieve biological effects similar to those of
eicosapentaenoic acid, alpha-linolenic acid
must be converted to eicosapentaenoic acid,
but the ability to undertake this conversion
by humans is poor. The nutritional benefits
of alpha-linolenic acid-rich oils (suitable for
a vegetarian diet) are thus more limited
than those of eicosapentaenoic acid-rich
oils, and therefore it is important that food
composition data clarifythe specific omega-
3 fatty acids present.

Some studies have suggested that admin-
istration of essential fatty acids, particularly
omega-3, lessens dry eye severity.
Deinema et al.1 used mean change in tear
osmolarity and change in ocular surface dis-
ease index score as their primary outcome
measures in a 90-day trjal of oral supple-
mentation with omega-3 derived from fish
oil and krill oil. Both treatments resulted in
significant reductions in tear osmolarity and
increased tear stability in participants with
mild-to-moderate DED. The krill oil group
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was also shown to have significantly lower
levels of interleukin-17 in the tear film, rais-
ing the possibility of krill oil conferring even

greater anti-inflammatory properties at the
ocular surface.

Benefits to tear film stability, increased
tear secretion and a reduction in DED symp-
toms have been noted with short-term con-
sumption, as Itttle as 30days.116 Contact
lens discomfort as well as interleukin-17 and
interleukin-6 levels have also been shown to
be decreased with oral and topical omega-3
supplementation, at a level comparable to
that effected by topical corticosteroid
use. While the balance of evidence is in
favour of benefits from omega-3 supple-
mentation, a year-long supplementation
with a fish-derived omega-3 was found to
show no significant difference in symptoms
of DED according to the ocular surface dis-
ease index score refative to a high-dose
olive oil placebo,1 and more studies evalu-
ating the optimal dosage and duration of
treatment from interventions for dry eye,
based on the anti-inftammatory effects of
omega-3, are warranted.

Supplementation with specific omega-6
essential fatty acids has also been shown
to improve DED symptoms. Although
omega-6 is largely regarded as a pro-
inflammatory mediator, studies have con-
firmed that gamma-linoleic acid and its

precursor linoleic acid, derived from eve-
ning primrose oil and borage oil, can
exhibit anti-inflammatory properties.

•

Improvement ofdry eye symptoms and the
reduction of ocular surface inflammation
have been achieved with the use of

gamma-linoleic acid and linoleic acid
supplementation.'"1'1-'0"'22 Essential fatty
acids show a complex modality by which
they control specific inflammatory cas-
cades. There is also the potential for a neu-
roprotective role conferred by omega-3
supplementation which could pose addi-
tional benefits to the Jntegrity of the ocular
surfacein DED.'23

Summary

Both an acute and adaptive immune
response drive inflammation at the ocular
surface. A hyperosmolar tear film provides
an environment for activation of pro-inflam-
matory molecules which leads to a continu-
ous cycle of damage and dysregulation. The
upregulation of cytokines, namely
interleukin-1, interleukin-6, tumour necrosis

factor-alpha and transforming growth
factor-betal, in the tears of DED patients, is
a consistent finding, signif/ing the role of
intercellular communication in DED

propagation.
The chemotaxis of neutrophils in the

innate immune response is driven by che-
mokines, such as interleukin-8, which are
also reported to be elevated in DED. The
endopeptidase activity of matrix
metalloproteinase-9 has been implicated, in
animal models of DED, as fundamentally
involved in ocular surface assault. Major his-
tocompatibility class II cell surface receptors
and their co-stimulatory molecules are
responsible for antigen presentation Jn DED.
Elevated intercellular adhesion molecule-1
and vascular cellular adhesion molecule-1 in
the conjunctiva and lacrimal glands of dry
eye patients promote the cellular migration
of immune cells at the ocular surface, while
effector T cells promote pathogenic effects.
The dysfunction of regulatory T cells further

promotes the immune response to continue
as observed in cases of DED associated with
systemic autoimmune conditions.

Epitheliopathy, neuropathy and lym-

phangiogenesis are the clinical outcomes
of an immune-mediated response at the
ocular surface. Clinically applicable detec-
tion methods of inflammatory markers

prior to these signs appearing at the ocu-
lar surface are highly sought after. Inflam-
maDry, the in-office immunoassay that
detects matrix metalloproteinase-9 is one
such technology which presents a useful

qualitative measure for diagnosing clini-
calty significant inflammation at the ocular
surface, safely and efficiently. Although it
is non-specific to the cause of the inflam-
mation and can show only a positive or
negative response based on an inbuilt
threshold, it may assist clinicians in identi-
fying patients who may benefit from anti-
inflammatory treatment.

The development of other such point-of-
care diagnostics allowing for accurate and
efficient tear film profiling would be a con-
structive contribution to the clinical field. In

particular,
'lab-on-a-stick'

quantification of
inflammatory markers for both diagnosis
and measuring response to treatment could

prove to be invaluable for eye-care profes-
sionals managing DED worldwide.

Studies showing the effect of corticosteroids
at the ocular surface further demonstrate the
manifestation of an immune-mediated
response in DED. Cydosporine A has an
immuno-modulatory effect through increased

neurotransmission and its use has been
shown to elicit objective and subjective
improvements in signs and reductions in
symptoms of DED. Tacrolimus is a potent
suppressor of T lymphocyte production
and has proven benefits in controlling
Jnflammation in a range of ocular surface
diseases. Antibiotic derivatives, such as
doxycycline, minocycline and azithromycin
have proven their worth in low doses over
an extended period as a staple manage-
ment option for DED, on the basis of their
anti-inflammatory properties.

Lifitegrast is a novel treatment which
works by inhibiting cytokine release from T
cell-mediated immunity. Its ability to improve
ocular surface signs in OED has led to its dis-
tinrtion as a Food and Drug Administration-
approved therapy for DED in the USA. Essen-
tia! fatty acids have varying effects on the
inflammatory cascade. In general, omega-3 is
considered to be anti-inflammatory since it
blocks the production of pro-inflammatory
molecules. Other essential fatty acids such as

gamma linolenic add and linolenic acid have
also been proven to elicit anti-inflammatory

properties although the nature of these inter-
actions is complex and yet to be fully
understood.

Signs and symptoms are often incongru-
ous in DEO causing difficulty for the clinician
in determining the exact diagnosis.' 4 Bio-
markers that provide a distinguishable profile
perhaps have better potential in aiding diag-
nosis and treatment. The proven effects of
the treatment options listed above further
confirm the key Jnvolvement of inflammation
in DED, as either a precursor or sequela of
DED development. Dampening the overlay of
inflammation with the use of these anti-
inflammatory therapies in the shorter term
and targeted management of the dry eye
source, whether it be evaporative or
aqueous-defident in the longer-term, may
allow for greater symptomatic relief and
safer management of this chronic condition.
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