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Abstract. - BACKGROUND: Ocular surface
alterations causing dry eye disease (DED) can
be described as a vicious circle consisting of
different consecutive stages. Among the factors
involved, the ocular surface immune-inflamma-
tory response has been established as a key
player in the pathogenesis of the vicious circle
of DED. Thus, the prompt recognition of the dis-
ruption of the immunoregulatory mechanisms is
crucial for properly managing the ocular surface
alterations. To increase awareness and knowl-
edge of the identification and clinical interpre-
tation of immunological mechanisms of dry eye
in clinical practice, we present two clinical cas-
es related to DED patients to provide a practical
example of clinical examination application and
interpretation of diagnostic parameters in daily
practice. Moreover, a literature overview of the
available clinical examinations to assess the im-
munological involvement in DED patients, with
a particular focus on the correlation between di-
agnostic parameters and pathogenesis of clini-
cal signs, is provided with an educational intent.
CASE PRESENTATION: The presented clin-
ical experiences suggested that in ocular sur-
face pathologies, knowledge of the immune-in-
flammatory pathogenetic mechanisms under-
lying the observed clinical sign is of great help
for understanding what is being observed in the
patient and, consequently, for the choice of ap-
propriate therapy. Literature evidence suggests
that many different clinical examinations can be
used to assess inflammation in DED patients,
such as the assessment of hyperemia, staining
of the ocular surface and measurement of hy-
perosmolarity and MMP-9 levels. The combina-
tion of impression cytology and flow cytometry
to assess for markers of inflammation is consid-
ered the best technique to quantify the level of
inflammation on the ocular surface, even if not
always applicable in clinical practice.
CONCLUSIONS: Literature evidence and clin-
ical experiences suggest that basic diagnostic
approaches (assessment of hyperemia, MMP-
9 levels, and staining of the ocular surface with
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Lissamine green or fluorescein) represent use-
ful tools to assess the inflammatory component
of DED in everyday practice, providing a guide
to establish the correct therapeutic strategy.
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Background

Dry eye disease (DED) is a complex, multifac-
torial ocular condition characterized by tear film
instability, increased tear film osmolarity, ocular
surface inflammation, and damage, as well as
neurosensory abnormalities'®. The loss of tear
film stability is accompanied by eye symptoms,
including dryness, foreign body sensation, burn-
ing and itching sensations, photophobia, blurred
and fluctuating vision, and visual fatigue with a
consequent great impact on the patient’s quality
of life**. In severe cases, corneal epithelial exfo-
liation, filamentary keratopathy, and conjunctival
lesions may occur®.

Ocular surface alterations causing DED can
be described in the form of a vicious circle
consisting of different stages: (1) tear film in-
stability; (2) tear hyperosmolarity; (3) oxidative
stress exerted on tear film lipids and epithelial
cells; (4) epithelial damage and recruitment of
pro-inflammatory cytokines; (5) cell death due to
apoptosis and inflammation; (6) nerve malfunc-
tion; and (7) anatomical and functional eyelid
changes™®. Squamous metaplasia of the conjunc-
tival epithelium and the loss of goblet cells also
make a major contribution, as they affect ocular
surface lubrication and tolerance of resident sap-
rophytic flora, in which any change increases the
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inflammatory stimulus’. In this context, the key
role of the ocular surface immune inflammatory
response has been established'*!". Indeed, the oc-
ular surface is now considered an ‘immunologi-
cal’ unit with the ability to respond to external
and internal stimuli and modulate the inflamma-
tory, immunological response to avoid possible
negative consequences on its components due
to an overresponse or chronic activation of the
immune system!'. Otherwise, excessive external
stimuli can elicit an adaptive immunological
response, with activation of recruited and tis-
sue-resident macrophages, as well as recruitment
of leukocytes and plasma proteins, to maintain
tissue functionality. This adaptive response is
called para-inflammation and shows intermedi-
ate characteristics between the basal and inflam-
matory states'?. Generally, para-inflammation is
switched off as soon as homeostasis is restored.
However, if external damaging stimuli persist
for a sustained period, para-inflammation can
progressively turn from a beneficial and protec-
tive response to a detrimental and damaging pro-
cess, inducing a continuous inflammatory state'”.
Thus, the prompt recognition of the disruption
of the immunoregulatory mechanisms is crucial
for the proper management of the ocular surface
alterations and to avoid perpetuating the vicious
circle of dry eye®. In particular, the assessment
of the presence and grade of inflammation is
essential to evaluate the risk of progression and
immunologic shift of the disease towards chronic
inflammation and, thus, to plan a proper thera-
peutic strategy.

In clinical practice, even if there is no gold
standard test or well-established cutoff values,
some indicators of the presence of ocular surface
inflammation and other immune factors involved
in DED pathogenesis can be assessed during
the first-line examination'®. Thus, awareness and
knowledge of the identification of mechanisms
and clinical interpretation of indicators related to
immunological involvement in patients with DED
are fundamental.

In this paper, we present two clinical cases re-
lated to DED patients to provide a practical exam-
ple of applying clinical examinations and inter-
preting diagnostic parameters in daily practice.
Moreover, a literature overview of the available
clinical examinations to assess the immunolog-
ical involvement in DED patients, with a partic-
ular focus on the correlation between diagnostic
parameters and pathogenesis of clinical signs, is
provided with an educational intent.

Case Presentation

The authors selected and reported two clinical
cases of patients with signs and symptoms of
DED. The study was conducted in accordance
with the ethical principles of the revised version
of the Declaration of Helsinki. All patients pro-
vided written informed consent to treatment and
the publication of clinical data and images.

Case 1

A 69-year-old woman was referred by her oph-
thalmologist because she complained of foreign
body sensation and burning in both eyes, with
visual disturbance and a need for eye closure.
She reported a diagnosis of DED 5 years before
being treated with substitute tears and short
periods (no more than 10 days) of treatment
with topical steroids. Similar treatments were
used when symptoms recurred. She also used
ointment to improve corneal re-epithelization.
OSDI score was high (62.5). The patient also
had a dry mouth and painful joints. Some extra
examinations were performed. After the visual
acuity test, reporting 8/10 [right eye (RE)] and
7/10 [left eye (LE)] and decreased contrast sen-
sitivity, the Schirmer test and slit lamp examina-
tion were performed to measure tear secretions
(RE: 3 mm/5’; LE: 2 mm/5’) and to observe the
epithelial cells, respectively. Fluorescein stain-
ing was performed and observed with a yellow
filter. The staining showed a diffuse corneal
pattern with tiny dots in the superior part (Fig-
ure 1A), not typical in DED patients; the break-
up time (BUT) was very low (RE: 2 s; LE: 1
s). Staining with Lissamine green (Lissafid®,
Farmingea S.p.A., Pisa, Italy) was then carried
out to look at the condition of the conjunctiva,
assess the degree of inflammation, and exclude
superior limbic keratoconjunctivitis (Figure 1B).
The Lissamine green staining was also observed
in the superior part of the eye, suggesting some
degree of toxicity in the ocular surface (Figure
1B). Lastly, corneal sensitivity was assessed
through a handheld esthesiometer (RE: 6 cm;
LE: 5 cm) to correlate signs and symptoms of
DED. According to the examination results, this
patient was diagnosed with type III DED due to
the observed activation of T cells, which is to be
considered a chronic form of DED.

The patient was first referred to the rheumatol-
ogist to assess for an auto-immune disease, which
must be treated as a first step if diagnosed. To
manage DED, discontinuation of toxic preserva-
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Figure 1. Ocular signs at presentation. A, Fluorescein staining observed with a yellow filter showing a diffuse corneal pattern
with tiny dots in the superior part. B, Lissamine green staining showing diffuse damage of conjunctival epithelial cells in the

exposed bulbar conjunctiva.

tive-containing drops was indicated, with a wash-
out period of 10 days. Preservative-free artificial
tears and topical steroids for prolonged periods
(tapering down the number of instillations ac-
cording to symptoms and ocular surface changes)
were prescribed. Topical cyclosporine once a day
and tetracyclines were also prescribed, according
to the presence of T-cell infiltration.

This clinical case suggests the importance of
taking a medical history of the diagnosis of oc-
ular surface inflammation and systemic anti-in-
flammatory treatment. Also, the importance of
considering preservative-free topical medications
and topical anti-inflammatory medications can be
suggested.

Case 2

A 69-year-old male patient presented com-
plaining of left eye redness, burning, and poor
near vision. DED diagnosis was formulated 5

years before, and the treatments prescribed were
lid hygiene, preserved tear substitutes, and oint-
ment at night.

At examinations, the patient reported LE eye-
lid eczema, conjunctival hyperemia (RE: 0; LE:
+2; Figure 2), decreased tear clearance, inflamed
lachrymal inferior punctum, ectropion, and ker-
atitis (Figure 2). Near visual acuity was very dif-
ferent between eyes (RE: J2; LE: J5). Due to an
inflamed inferior lacrimal punctum, the tears did
not come to the nose, and the patient complained
about epiphora. Moreover, toxic tears further
contribute to eyelid eczema and ectropion. The
patient also had rosacea, which was controlled
with dermatological treatment.

To manage DED, the patient was advised to
stop any type of preserved artificial tears, oint-
ment, and eyelid scrubbing with baby shampoo.
Diflucortolone valerate 1 mg/g cream was pre-
scribed for the skin, along with fluorometholone
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Figure 2. Ocular signs at presentation. A, Eczema and ectropion. B, Signs of hyperemia. C, Fluorescein staining observed
with a yellow filter showing decreased tear clearance. D, Fluorescein staining observed with a yellow filter showing punctum
edema.

0.1% eyedrops (for 1.5 months) and cyclosporin
0.1% eyedrops at night. Lastly, inferior lacrimal
punctum dilation was performed to look for the
patency of the lacrimal secretory system.

After 2 months, the patient presented with
no epiphora, no eyelid eczema, no conjunctival
hyperemia or decreased tear clearance, normal
lacrymal punctum, no ectropion, and ameliora-
tion of keratitis.

This clinical case suggests that DED patients
may complain about tearing (epiphora), that burn-
ing represents a hallmark of inflammation, which
can be caused by preservatives, and that de-
creased tear clearance means inflammation (or
eyelid-blinking problems) and should be treated
with anti-inflammatory treatments.

Literature Review

A narrative review was conducted to provide
a comprehensive overview of the available ex-

aminations useful to detect immunological and
inflammatory mechanisms of dry eye in clinical
practice, with educational intent, reporting pub-
lished evidence and the expert opinion of the
authors. The literature search was conducted on
PubMed up to September 2023, using different
combinations of pertinent keywords (e.g., dry eye
AND clinical signs; dry eye AND immune-me-
diated mechanisms; dry eye AND inflammation)
without any limitations in time and language. Pa-
pers were selected for inclusion according to their
relevance to the topic, as judged by the authors.

Assessment of Conjunctival Hyperemia
Conjunctival hyperemia is defined as redness
of the bulbar conjunctiva and represents a hall-
mark of ocular inflammation. The localized
inflammatory changes due to DED cause a patho-
logical vasodilatory response of the conjunctival
microvasculature and, subsequently, edema and
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hyperemia'. Moreover, conjunctival hyperemia
significantly correlates with conjunctival tem-
perature (calor), another typical sign of inflamma-
tion. In particular, a 3-degree change in redness
was related to an increase of 0.5°C in tempera-
ture'. Hyperemia plays a critical role in the effer-
ent component of the immune system, delivering
both cellular and humoral immune components
to the ocular surface'. In this context, the inflam-
matory process is mediated by physiologically
active molecules, such as histamine, cytokines,
and associated neuropeptides. Accordingly, hy-
peremia was correlated with inflammatory cell
infiltration, specifically granulocytes, lympho-
cytes, and monocytes/macrophages, measured by
flow cytometry'.

Hyperemia is the easiest sign to collect among
the classic determinants of clinical inflammation
in DED and can be evaluated by anterior seg-
ment photography and/or with the use of grading
scales. When present, bulbar conjunctival hyper-
emia is usually confined to the area of open-eye
exposure. The extent of conjunctival hyperemia is
correlated with the severity of ocular inflamma-
tion and can be quantified by grading scales, such
as the McMonnies/Chapman-Davies scale, the
Institute for Eye Research scale, the Efron scale,
or other validated bulbar redness scale'. Some
limitations can be reported for this technique,
such as the subjectivity in the interpretation of
the degree of ocular redness, the lack of standard-
ization, the influence of external factors, such as
lighting conditions, the angle of observation, and
patient cooperation, which can all influence the
perception of conjunctival hyperemia. To address
these limitations, automatic, computer-aided im-
age analysis techniques for conjunctival hyper-
emia evaluation have been defined'8. Moreover,
typical signs of inflammation other than redness
and calor, such as pain and loss of function, can-
not be assessed by conjunctival hyperemia test,
despite the actual presence of inflammation.

Ocular Surface Staining

Corneal and conjunctival staining with topical
dyes has been used for a long time to study and
characterize ocular surface diseases, including
DED, as well as to quantify their severity"”. In
most cases, the staining pattern is useful to diag-
nose and prognosticate the disease and define the
therapeutic management. The bases of dye uptake
and staining are based on different anatomical
and physiological factors, which are explained
in detail in the review by Srinivas and Rao®.

However, despite common usage, a universally
accepted “gold standard” grading scale does not
exist for corneal and conjunctival staining, which
can impact the ability to diagnose and monitor
ocular surface conditions, such as DED".

Lissamine green staining

Lissamine green is a vital dye with an excel-
lent safety profile that selectively stains ocular
surface areas with disrupted intercellular junc-
tions, detecting damaged or devitalized cells and
denatured mucus and thus enlightening epithelial
problems of the conjunctiva, one of the first and
most reactive structures involved in DED'*°, Lis-
samine green has a peak absorption at the red end
of the visible spectrum (630 nm) and is widely
used because of its prompt visibility against the
white conjunctiva. Up to date, the application pa-
rameters for Lissamine green have not been val-
idated nor standardized. However, based on the
result of a quality improvement study, a volume
of 10 pl can be recommended as the optimal vol-
ume for 1% Lissamine green for ocular surface
examination in DED patients®'.

A direct correlation between the degree of
inflammation and the extent of Lissamine green
staining has been proposed by Yang et al*?, who
demonstrated that staining scores significantly
correlate with the expression of IFN-y, IL-6, IL-
17, and MMP9 in Sjogren’s syndrome (SS) and
non-SS DED groups. It is worth noting that cor-
relation coefficients of all cytokines were much
higher in SS DED compared to non-SS DED. In
addition, a pilot study reported a significant cor-
relation between Lissamine green staining and
CD45+CD14+ cells infiltration of the conjunctiva
only. These data support the correlation be-
tween Lissamine green staining and the infiltra-
tion of immune cells in the conjunctiva.

In addition, Lissamine green staining patterns
can be useful to define the disease etiology
based on their location, intensity of staining, and
amount of dye uptake. Accordingly, Lissamine
green can be used to stain the superior or inferior
bulbar conjunctiva, contributing to the differen-
tial diagnosis of ocular surface inflammatory dis-
eases, e.g., superior limbic keratoconjunctivitis
and conjunctivochalasis®.

Fluorescein staining

Fluorescein sodium, along with Lissamine
green, is a videly used vital dye to view the sta-
bility of the tear film and to highlight the integrity
of the ocular surface epithelium'. In physiologi-
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cal conditions, fluorescein is not able to stain the
cornea due to the low permeability into the lipid
layer of the epithelium. Otherwise, in presence
of a disruption of the cell-to-cell junctions of the
cornea surface, fluorescein staining is detectable.
Although the efficiency of fluorescein in stain-
ing the damaged cornea, fluorescein staining is
difficult to detect in the conjunctiva because of
the poor scleral contrast. To improve the visual-
ization, a cobalt blue or yellow (blue-free) filter
can be used, considering that fluorescein absorbs
the blue light (490 nm) and emits yellow-green
light (530 nm)®°. Of note, a recent study by Beg-
ley et al*® showed that the time required to reach
the maximum grade of corneal staining was
highly variable among subjects and significantly
longer in patients with Sjogren’s Syndrome, as
well as the risk of an under-grading of corneal
fluorescein staining with early observation, with
a consequent impact on diagnosis and treatment
assessment.

Similar to what has been reported for Lissa-
mine green staining, the detection of significant
fluorescein staining can be related to the presence
of active inflammatory components on the ocular
surface. Indeed, a correspondence between ocu-
lar surface epithelial damage and corneal inflam-
mation has been established and is supported by
the alteration of the phenotype and distribution
of resident stromal dendritic cells after damage
in preclinical models***. However, today, more
stringent data with regard to the presence and the
level of inflammation can be collected by the use
of Lissamine green.

Tear Film Osmolarity

Normal ocular surface homeostasis requires
regulated tear flow, the primary driver of which
is osmolarity. Tear hyperosmolarity is caused by
an imbalance of water and electrolytes between
intracellular and extracellular compartments,
which results in a reduction of cell volume and
may lead to cell membrane and cytoskeletal
integrity changes, as well as denaturation of
cytosolic protein?6. Thus, tear osmolarity and
tear film instability have been identified as ‘core
mechanisms’ of DED, regardless of the etiolo-
gy?’. Accordingly, tear hyperosmolarity has been
found?® to be the primary cause of discomfort, oc-
ular surface damage, and inflammation in DED,
and tests that accurately measure tear osmolarity
and tear film instability should be considered for
the classification of the severity of DED?. Up to
date, there are specific instruments designed for

measuring tear film osmolarity. The osmolarity
316 mOsm/L threshold is considered to discrim-
inate between mild and moderate/severe DED*.

Increased osmolarity is responsible for the ac-
tivation of signaling pathways in the ocular sur-
face. Indeed, exposure to osmotic stress activates
mitogen-activated protein kinase (MAPK) path-
ways and nuclear factor (NF)-«kB in the ocular
surface?®*%3!. Desiccating and osmotic stress-me-
diated MAPK activation, in turn, stimulates cor-
neal epithelial cells to produce proinflammatory
mediators, such as cytokines and chemokines
(e.g., IL-1B, TNF-a, IFN-y, IL-8, CXCL10, MMP-
1, -3, -9, -10, and -13)***, For instance, IFN-y up-
regulates the adhesion molecule [CAM-1 expres-
sion within the epithelium, stromal fibroblasts,
and vascular endothelium, increasing vascular
permeability”®. As a consequence, the altered
barrier facilitates diffusion of soluble inflam-
matory factors into the epithelium and stroma
and inflammatory cell infiltration into the ocular
surface tissues.

MMP-9 immunoassay

As mentioned above, tear hyperosmolarity ob-
served in DED patients has been shown?? to trig-
ger the expression of inflammatory cytokines and
matrix metalloproteinases (MMPs), which in turn
activate the MAPK inflammatory cascade.

Among MMPs, MMP-9 can be considered
an early marker of inflammation stimulated by
increased osmolarity**. Its concentration and ac-
tivity in the tear fluid of DED patients showed
a significant correlation with symptom severity
scores and ocular signs, such as tear breakup
time (TBUT) and corneal and conjunctival flu-
orescein staining®3, Currently, a widely used
point-of-care device for detecting tear MMP-9 is
InflammaDry (Rapid Pathogen Screening, Inc.,
Sarasota, FL, USA), which is based on a lateral
flow immunochromatographic assay’*. This test
qualitatively determines whether the tear fluid
MMP-9 concentration is higher than 40 ng/mL
(cut-off value), with 85% sensitivity and 94%
specificity for DED diagnosis®’. In a prospective
study, DED patients and control subjects under-
went MMP-9 testing of the tear film with Inflam-
maDry, showing that MMP-9 levels identified the
presence of ocular surface inflammation in 40%
of confirmed DED patients®.

Laboratory Techniques
In clinical practice, the quantification of levels
of inflammation is not feasible during first-line



Dry eye disease pathogenesis and clinical signs: searching for correspondence in the clinical practice

examinations. Thus, laboratory techniques can
be used. In particular, the combination of impres-
sion cytology to collect cells, which refers to the
application of a cellulose acetate filter to remove
the superficial layers of the ocular surface epi-
thelium, with the use of markers of inflammation
and flow cytometry, represents a key approach to
quantify the level of inflammation on the ocular
surface®”. Unfortunately, the high costs and the
need for a laboratory of immunology or a facility
with a flow cytometer are important limitations
for the routine use of this technique'’.

Impression cytology

Tear film hyperosmolarity, which character-
izes DED patients, represents an indirect sign
of inflammation. Hyperosmolarity induces HLA-
DR (Human Leukocyte Antigen — DR isotype)
overexpression in human conjunctival epithelial
cells**# and IFN-y** may drive this upregula-
tion?¢, Through impression cytology, it is possible
to detect HLA-DR as a biomarker of ocular sur-
face inflammation. This technique is recognized
as sensitive, reliable, simple, and non-invasive for
investigating DED inflammation. Literature evi-
dence suggests that immune cells isolated from
the superficial layer of the conjunctiva may play
a pivotal role in the pathogenesis of dry eye®.
Moreover, quantitative HLA-DR detection by im-
pression cytology has been used in several DED
clinical trials, and Epstein et al** have published
a standard operating procedure for the use of this
inflammatory biomarker.

Discussion

Understanding the clinical signs of DED and
the related underlying pathogenesis and specific
cellular responses is fundamental to improving
the diagnosis and favor the development of per-
sonalized treatment strategies for long-lasting
results. In particular, the evidence implicating
inflammation in the pathogenesis of DED has
opened up new avenues for the treatment of this
complex disorder®.

The diagnosis and assessment of ocular surface
disease have become more technology-dependent
in recent times with the advent of newer mo-
dalities. However, both clinical experiences and
literature evidence suggest that ocular surface
staining remains a core component in diagnosing
various ocular surface disorders, as they can be
considered inexpensive and efficient diagnostic

tools to evaluate ocular surface integrity®’. At the
same time, future innovations in this field should
be directed toward establishing a standardized
system for scoring and grading.

The reported clinical experiences suggested
that in ocular surface pathologies, the clinician’s
awareness of the immune-inflammatory pathoge-
netic mechanisms underlying the observed clin-
ical sign is of great help for understanding the
clinical observations itself and, consequently, for
the choice of appropriate therapy. At the same
time, the combination of impression cytology to
collect cells and the use of markers of inflamma-
tion and flow cytometry is considered the best
technique to quantify the level of inflammation
on the ocular surface, even if not always applica-
ble in clinical practice.

If ocular surface inflammation is diagnosed,
the treatment is based on topical steroids and/
or topical cyclosporine. At the same time, the
use of tear substitutes based on hyaluronic acid
(HA) is regularly prescribed in patients with
DED, representing the mainstay of treatment®*.
In particular, high-molecular-weight HA (HM W-
HA) has been shown to promote wound healing
and reduce inflammation, thanks to its specific
action on CD44 receptors expressed by corne-
al epithelium*-*®, Moreover, a linear correlation
between the molecular mass of the HA and the
mucoadhesive index on the ocular surface model
has been reported, suggesting an increased ocular
residence time of HMW-HA®. Thus, the use of
eye drops based on linear HMW-HA should be
preferred.

Conclusions

In the first-line evaluation of patients with
DED, the extent of the ocular surface inflamma-
tion should be carefully assessed, providing a
guide to establish the correct therapeutic strategy.
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