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conjunctivitis: a role for abnormal conjunctival
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ABSTRACT
Aims Aeroallergen exposure to the conjunctival
epithelium in seasonal allergic conjunctivitis (SAC) may
induce a cellular stress response that disrupts the
barrier properties of the conjunctival epithelium,
resulting in allergic disease. Whether such changes
occur in SAC is unknown. Epithelial permeability is
known to be increased when protease activated
receptor 2 (PAR-2) is activated. We evaluated the
expression of PAR-2 in patients with SAC-in-season
(SACS) and compared it with control non-atopic
subjects or those with out-of-season allergic
conjunctivitis (OSAC).
Methods Six SACS, eight normal and four OSAC
specimens were examined immunohistochemically for
PAR-2 and quantified in a masked fashion for the
percentage of epithelia stained for each marker using
Image-J software. Conjunctival epithelial heights were
measured in all groups to confirm the presence of
allergic eye disease.
Results Mean percentage staining of PAR-2 was
significantly greater in SACS that in normal specimens
(73.4615.4% vs 32.8630.0%, p¼0.038) or in OSAC
(73.4615.4% vs 1.462.2%, p¼0.01). Mean
conjunctival epithelial height was significantly raised in
SACS (63.869.0 mm) versus controls (44.7611.2 mm)
(p¼0.003, unpaired t test).
Conclusions Conjunctival epithelial PAR-2 is
significantly upregulated in SAC. This supports the view
that disruption of the barrier properties of the
conjunctival epithelium is an important event in SAC
pathogenesis.

Allergic eye disease (AED) is a common ocular
surface disorder that is increasing in incidence and
causes considerable ocular morbidity. Seasonal
allergic conjunctivitis (SAC) accounts for 25e50%
of cases of AED and is triggered by a type 1
hypersensitivity reaction to aeroallergens that
typically occur during the hayfever season.1

The inflammatory features of AED are associated
with the interaction of airborne allergens with
conjunctival stromal mast cells. Allergens bind to
surface-bound IgE molecules on mast cells, cross-
linking them and signalling degranulation, resulting
in the release of pre-formed chemical mediators and
the subsequent activation of the allergic cascade.
In order for allergens to pass from the external

environment and interact with the conjunctival
mast cells, they need to cross the conjunctival

epithelium and enter the submucosal space. In other
atopic conditions, such as asthma and allergic
dermatitis, the epithelial layers are found to be
dysregulated, resulting in increased permeability to
airborne allergens. These permeability changes have
been shown to be related to increased expression of
protease-activated receptor-2 (PAR-2), which is an
important regulator of epithelial barrier perme-
abilty.2e4 Whether similar mechanisms are involved
in the conjunctival epithelium in AED is not
known.
In this paper we investigate the changes in

epithelial barrier properties by examining the
expression of PAR-2 in patients with AED.

METHODS
Subjects
Conjunctival epithelial biopsy specimens were
collected from the following three groups of people:
normal (non-atopic) individuals, individuals who
had SAC during the pollen season (SACS), and
individuals who had SAC but out-of-season
(OSAC).
Ethical considerations prevented us from taking

repeat biopsies from patients with AED, so to
assess whether the effects were from ‘in’ or ‘out’ of
the pollen season, different patients were used.
The allergen status of each subject was assessed

by skin prick testing to a panel of allergen extracts,
including house dust mites, rye grass, cat hair and
dog hair, to determine their atopic status. Responses
to a 0.1% histamine dihydrochloride solution and
a saline/albumin diluent were included as positive
and negative controls.

Conjunctival biopsy
Conjunctival specimens were taken from the
superior bulbar conjunctiva under local anaesthesia
(oxybuprocaine hydrochloride) taking a biopsy size
of approximately 232 mm.
Conjunctival biopsies were collected from eight

patients with SACS and seven normal control
subjects. All 15 specimens were assessed for
conjunctival epithelial thickness.
A further six patients with SACS, four patients

with OSAC and eight control subjects were biop-
sied. These 18 specimens were assessed by immu-
nohistochemistry, staining primarily for PAR-2, and
also for heat shock protein (HSP)-70, HSP-90, inter-
cellular adhesion molecule 1 (ICAM-1) and vascular
cell adhesion molecule 1 (VCAM-1).
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Tissue processing and immunohistochemical analysis
The specimens were transferred and fixed in acetone containing
the enzyme inhibitors iodoacetamide (20 mM) and phenyl
methyl sulphonyl fluoride (2 mM), and then stored overnight at
�208C before processing into glycolmethacrylate for immuno-
histochemistry staining. Serial sections were cut at 2 mm. The
blocks were cut and stained using a standard immunoperoxidase
staining protocol.5

The details of monoclonal mouse antibodies used in staining
the sections are as follows: anti-HSP-70 antibody (dilution 1:300;
Santa Cruz Biotechnology, Santa Cruz, California, USA);
anti-HSP-90 antibody (dilution 1:160; StressGen Biotechnol-
ogies, Victoria , Canada); P2A (a gift from Ahkmed Aslam of
Southampton Hospital; dilution 1:400); anti-ICAM-1 (1:40;
StressGen Biotechnologies); anti-VCAM-1 (dilution 1:10;
StressGen Biotechnologies). The whole staining procedure was
performed in 48 h at room temperature. Positive (antibody AA1
staining for mast cells) and negative (omission of primary
antibody) controls were used for each biopsy.

Measurements of conjunctival epithelial heights, quantification
of immunostaining and statistical analysis
Conjunctival biopsies were collected from eight SACS and seven
normals (non-atopic). These were fixed and embedded in glycol
methacrylate and conjunctival epithelial thicknesses were
measured using an upright light microscope (sections were
photographed using a Leica DM-RBE camera 310 objective) and
Image-J software.6

An image of a standard 1 mm stage mm scale at 310 magni-
fication was used to calibrate images used to measure conjunc-
tival epithelial thickness from the basement membrane to the
apical surface of the epithelium. Measurements of the conjunc-
tival epithelial thicknesses were taken at regular/consistent
intervals and the average was then calculated per field viewed. At
least three sections and three separate fields were examined.

Immunohistochemical expression of PAR-2, HSP-70, HSP-90,
ICAM and VCAM were quantified as the percentage of epithelia
stained using light microscopy (sections were photographed using
a Leica DM-RBE camera 340 objective) and Image-J software. At
least two sections and two separate fields of each specimen were
viewed. Positive and negative controls were also examined.

Statistical analysis
All analyses were done without the observer knowing the
sample type. The Student t test was performed on data collected
from epithelial heights. Non-parametric testing was performed
on data collected from samples stained for PAR-2 and HSP-70 as
the data was not normally distributed. A ManneWhitney U test
was used to calculate the statistical significance. A p value of
<0.05 was taken as statistically significant.

RESULTS
Conjunctival epithelial thickness
The mean conjunctival epithelial thicknesses (mean6SD) in
normal controls and SACS groups were 44.7611.2 mm and
63.869.0 mm, respectively. The conjunctival epithelial thick-
nesses in the SACS group were significantly greater than the
normal group (p¼0.003).

Immunochemical staining
Immunoreactivity for PAR-2, ICAM-1, HSP-70 and HSP-90 was
detected in both SACS patient and normal control groups. The
OSAC group showed low expression levels for PAR-2 andHSP-70.

VCAM-1 expression was negative in all groups. The positive
controls (antibody AA1), stained for mast cells, and the negative
controls revealed no staining.
Expression of PAR-2, HSP-70, HSP-90 and ICAM-1 was

predominantly seen in the conjunctival epithelium, while in the
stroma, weak staining was seen in vascular endothelial cells.
Within the epithelial cells, PAR-2 expressed cytoplasmic

staining, HSP-70 showed dense nuclear and cytoplasmic
staining, HSP-90 showed cytoplasmic and weak nuclear staining,
and ICAM-1 showed cell membrane and cytoplasmic staining.

Staining expression
Percentage staining for the pro-inflammatory molecules tested
in the conjunctival epithelium was quantified using Image-J
software.
The percentage staining expression of PAR-2 (mean6SD) was

significantly greater in SACS compared with OSAC (73.4615.4%
vs 1.36 6 2.2%, p¼0.01) and the normal control group
(73.4615.4% vs 32.8630.0%, p¼0.038) (figures 1A and 2). Simi-
larly, there was increased expression of HSP-70 in SACS compared
with OSAC group (73.3622.21% vs 22.067.76%, p¼0.013)
(figures 1B and 2). No significant difference was found between
any of the groups for HSP-90 or for ICAM-1 (figure 1C,D).

Distribution of staining within the normal controls
There was a wide distribution of PAR-2, HSP-70 and HSP-90
expression in the control group.

DISCUSSION
We have shown for the first time that there is a significant
increase in the expression of PAR-2 and HSP-70 in the
conjunctival epithelium of SAC patients when exposed to
pollen.
In the absence of allergenic stimuli, patients with OSAC have

low levels of HSP-70 and PAR-2 expressions, suggesting that
allergen challenge increases the protein levels in the conjunctival
epithelium. Other atopic conditions such as asthma, allergic
rhinitis and contact dermatitis show similarities where high
levels of PAR-2 and HSP-70 are found in the epithelial layers.7e11

In addition, increased expression of HSP-70 and PAR-2 is asso-
ciated with an increase in conjunctival epithelial thickness.
Previously published data suggest that the changes in conjunc-
tival epithelium thickness are due to a primary increase in
epithelial cell volume, rather than conjunctival epithelium
hyperplasia.12

The conjunctival epithelium of healthy subjects, with no
atopic background, has shown variability in constitutive
expression of PAR-2 and HSP-70 for reasons yet unknown. A
study by Knight et al7 who examined levels of PAR-1, PAR-2 and
PAR-3 in the bronchial epithelium of non-atopic subjects, also
demonstrated the variability of these markers. Tryptase, an
enzyme known to activate PAR-2, is found in proteases
produced by a variety of organisms such as house dust mites,
fungi and bacteria (eg, Staphylococcus aureus). It is well known
that 20% of the population are chronic carriers of Staphylococcus
aureus, which are commensals of skin and nasal passages.
Therefore, we suspect a non-specific action from these common
organisms could explain why PAR-2 staining variability is
demonstrated in the specimens from non-atopic individuals.
Although our sample sizes are small, statistical power tests

indicate that the differences in PAR-2 expression that we found
were above a confidence level of 95% (in the comparison
between SACS and non-atopic controls) and close to 100%
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(when comparing SACS and OSACS). Similarly, for the differ-
ence in HSP-70 expression found comparing SACS and OSAC,
the significance probability was also close to 100%.

Unfortunately, due to ethical reasons repeat biopsies from the
same patient was not allowed, so we were not able to take
biopsies in the same atopic patient ‘in-season’ and ‘out-of-season’.

ICAM-1 and VCAM-1 are typically expressed on the vascular
endothelium at sites of active inflammation. Increased expres-
sion in epithelial cells has also been reported in other studies in

bronchial and renal tissues.13 14 The poor expression of ICAM-1
and VCAM-1 in both normal and ‘out-of-season’ AED epithelia
in our study confirms that there is little inflammatory activity
present in our study population. Hence, the changes in PAR-2
and HSP-70 are likely to reflect that the epithelial layer has
abnormal barrier properties, thus creating a predisposition to
inflammatory disease.
HSP-90 expression in the conjunctival epithelium, although

not statistically significant, shows seasonal variability in levels
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Figure 1 The expression of protease activated receptor 2 (PAR-2) (A), heat shock protein (HSP)-70 (B), HSP-90 (C) and intracellular adhesion
molecule (ICAM)-1 (D) in the conjunctival epithelia of seasonal allergic conjunctivitis (SACS) patients ‘in-season’, out-of-season allergic conjunctivitis
(OSAC) patients ‘out-of-season’, and normal controls. Bars indicate mean values. NS denotes no significance.
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of expression in the atopic groups similar to that seen for PAR-2
and HSP-70. This suggests that HSP-90dlike HSP-70dis an
inflammatory marker in the conjunctival epithelium, but is not
a significant factor in AED.

In order to initiate the allergic response, allergens need to cross
the epithelial surfaces to gain access to the sub-epithelial layer.
Several studies of atopic conditions have shown that PAR-2
alters the epithelial barrier function to facilitate the passage of
an allergen.3 4 15 The epithelia in atopic subjects with conditions
such as such as asthma, allergic rhinitis and atopic dermatitis
have been shown to express high levels of PAR-2.3 8 16

PAR-2 is a seven-transmembrane G protein coupled receptor,
abundantly expressed on surfaces such as those lining the
airways, gut and the skin. These epithelia surfaces are frequently
exposed to environmental allergens containing enzymes
responsible for activating these receptors. The N-amino
terminus component of PAR-2 is activated by proteolytic
cleavage by serine proteases found in house dust mites, pollen
and mast cells.17 Atopic patients who have upregulated PAR-2
manifest their allergic symptoms when exposed to serine
proteases found in these aeroallergens.18 19 In a murine model,
infusion of PAR-2-activating peptide (PAR-2-AP) into the airway
and intestine initiated an inflammatory response that increased
both lung endothelial/epithelial and intestinal permeability to
macromolecules.20 Disorders with high levels of epithelial PAR-2
expression have altered epithelial permeability, which may also
be reflected in the conjunctival epithelium in active AED.

PAR-2 is known to alter epithelial permeability by the
disruption of epithelial E-cadherin adhesion molecules, which
are important components of tight junctions. Hughes et al have
shown that baseline E-cadherin expression is lower in subjects
with OSAC than in normal non-atopic subjects.12

We have shown that PAR-2 is elevated in atopic individuals in
the presence of pollen. If we combine the data from Hughes et al

and the present study, we can hypothesise that there is an inverse
relationship between PAR-2 and E-cadherin expression, and that
levels are dependent on seasonal state. For example, in the pres-
ence of pollen, PAR-2 levels in atopic subjects are elevated; this
effect mediates further PAR-2-induced E-cadherin down-
regulation, to levels below those of the quiescent state. This
would explain the increased permeability of a structurally weaker
epithelium to pollen penetration. Once in the sub-epithelial layer,
pollen antigens cross-link with mast cells, resulting in release of
tryptase to promote further upregulation of PAR-2.
The overexpression of HSP-70 in AED subjects in this study,

following pollen exposure, suggests that these proteins also play
an important role in the regulation of the allergic response in
AED. HSP-70 seems to have an important role in other atopic
conditions, as overexpression of HSP-70 is found in peripheral
lymphocytes of patients with allergic rhinitis and bronchi of
asthmatic patients.21 22 HSP-70 has an important role in antigen
processing and/or presentation to antigen-presenting cells,
which is essential for the initiation and modulation of the
allergic response.23 Studies have shown the ability of HSP-70 to
transduce its pro-inflammatory signals by utilising Toll-like
receptors (TLRs).24 The signalling pathways of TLRs are
involved in the front-line defence against invading microorgan-
isms. Recent studies have shown involvement of TLRs with
atopic diseases. Interestingly, TLR-4 has been shown to be
upregulated in human allergic conjunctiva in the stroma of
patients with vernal keratoconunctivitis.25 Further work is
required to assess whether TLRs have a role in the conjunctival
epithelium in AED.
This study demonstrates that PAR-2 and HSP-70 are good

markers of allergic properties in the conjunctival epithelium in
AED. We have shown that there are alterations in the barrier
properties of the conjunctival epithelium after aeroallergen
exposure. The increased expression of PAR-2 suggests that the

HSP-70

PAR-2

Normal Out of Season In Season

Figure 2 Photomicrographs of sections of conjunctival epithelia, demonstrating that the epithelia have different levels of expression for protease
activated receptor 2 (PAR-2) and heat shock protein (HSP)-70 in normal controls and seasonal allergic conjunctivitis (SACS) ‘in-season’ and
‘out-of-season’.
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conjunctival epithelium is structurally weaker and may exacer-
bate the allergic response. Further investigations are required to
determine whether predisposition to AED is related to primary
structural changes in the conjunctival epithelium.
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