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The ocular sur ace  rom physiology to the ocular allergic diseases
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Allergies affect up to 30-40% of the popu-
lation worldwide, and the severity and 
complexity of allergic diseases has been 

million people suffer from asthma, approximately 200-
250 million people suffer from food allergies, one tenth 
of the population suffers from drug allergies, and 400 
million suffers from rhinitis.1 In México, according 

ten causes of morbidity in our population;2 and allergic 

with more than 9,000 ophthalmic consultations per year 

disorders in the daily ophthalmological clinical practice.
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The ocular surface

De nition and clinical classi cation

surface disease secondary to dysregulation of the 

4

a syndrome that comprises the entire ocular surface, 
5-

7 The symptoms include itching, gritty or burning 
sensation, tearing and light sensitivity; however, if 
antigenic stimulation continues, irreversible changes 
would appear on the ocular surface as a result of the 

Immunological mechanisms of ocular allergic diseases 

-
ber of traditional overlapping ocular allergic diseases 

and symptoms, all of them variable in severity and 
presentation, thus clinical diagnosis is still a challenge. 

-
  

5

corresponds to numerous signs and symptoms following 
a grade of severity; the total possible score is 48 points, 

The clinical grade of severity is defined as fo-

points: moderate, 25-36 points: moderately severe 
and 36-48 points: severe. The final score is useful in 
recognizing the progress of ocular allergic disease, 

clinical research, and throughout therapeutic inter-

might correspond to grade 2 and mainly grade 3; 

to grade 3 and mainly grade 4.

The ocular sur ace in non-in ammatory conditions

The ocular surface is a functional unit essentially for-

Conjunctiva

of the limbus, and ends at the eyelids margin. Anatomi-
i) the 

of the sclera; ii)
the inner surface of the eyelids; and iii)
sac or fornix, which is the space bounded by the bulbar 

9 
Histologically, is divided into 2 layers: epithelium and 

lamina propria. The epithelial layer is composed of 2 to 

mucous secreting goblet cells, while the lamina propria 
is composed by richly vascularized connective tissue. In 
humans, intraepithelial leukocytes are T cells and den-
dritic cells expressing the human mucosal lymphocyte 

10

-

-

these cells are commonly found in the lamina propria, 

Figure 1  
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-

drainage is divided into nasal and temporal. The nasal 

into preauricular lymph nodes.

in organized structures at lamina propria, these immune 

-

all together this immune surveillance system constitutes 
11 -

from trigeminal nerve can contribute to the allergic 

-

Cornea

12 

keratinized.  The ability of the ocular surface to begin an 
immune response is partly attributed to proteins called 

Figure 2  .
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Figure 3

propria

Table 2

Receptor Ligand Location in ocular surface

-
lium

- -
lium

cells

- -

-

- -
lium

- -
lium

-  

-
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The ocular surface

with extracellular leucine-rich domain and intracellular 

are able to recognize microbial pathogens and to trigger 

production of cytokines, chemokines and increasing ex-
pression of adhesion molecules.13 It has been suggested 

in constant contact with bacterial microbiota and their 

regulated; thus, some mechanisms have been reported 

but not at the apical layers of the corneal epithelium.14 

15,16

-

molecules, as well as higher expression of costimulatory 
molecules on antigen presenting cells resident in the stroma 

may result in further damage to the visual function.13,17 
-

range of functions from antimicrobial effect, immune 
modulation, to crosstalk between innate and adaptive 

18,19 therefore, more research is needed 

surface in both, normal and pathological conditions. 

Corneal limbus

the intermediate zone between the corneal crown and the 

limbal cells are also responsible for corneal epithelial 

are able to release antiangiogenic and proangiogenic 
growth factors in a delicate balance; if this stability is 

-
tion of the ocular surface, including cornea.20 

surface. Lipids secreted by Meibomian glands consti-
tute the outer layer. The lipid layer lubricates the eyelid 

The middle layer is the aqueous layer and represents 

accessory lacrimal glands are producing the aqueous 
layer, which contains several antimicrobial proteins, 
secretory IgA, and complement proteins.  The inner 
layer is composed by secreted mucins and membrane-

21 while membrane-bound mucins includes 
22 The mucin layer together 

with the aqueous layer comprises a muco-aqueous 
functional unit.23 

Immunological mechanisms o  ocular allergic dis-

eases

-

named sensitization phase reaction, and is initiated by 
preferential activation and polarization of the immune 
response to environmental antigens, that culminates with 
a generation of a predominant Th2 immune response 
and production of IgE antibodies; and the second stage, 
named effector phase reaction, which is initiated with a 

of effector mechanisms, such as degranulation of granu-

Sensitization phase reaction

-
ported in patients with asthma and allergic rhinitis,24,25 

class switching to IgE. Similar mechanisms could be 
involved in ocular mucosa, since it has been reported 

26,27
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patients it has been reported an increased frequency of 

of IgE.28 Interestingly, mast cells and basophils from 

-
29 

Effector phase reaction

Allergen-induced cell degranulation is the key event in 

a) Early phase reaction, and b) Late phase reaction. 
Early phase reaction (EPR). The second encoun-

ter with the antigen on IgE-sensitized cells, induces 

a) 
the release of preformed mediators such as histamine, 
a vasoactive amine; proteases, such as chymase and 
tryptase; and chemotactic factors, such as eosinophil 

b) activation of transcription 
factors and cytokine gene expression, and c) production 

the phospholipase A2 pathway.5

EPR and preformed mediators. Histamine is a 
monoamine released by sensitized mast cells upon ex-
posure to allergen, the released histamine binds to their 

signs and symptoms of ocular allergy: itching, erythema, 
tearing, chemosis, and palpebral oedema. Histamine 

cells, and goblet cell secretion is induced after receptor 
stimulation.30 Histamine secretion may also recruit im-
mune cells that cause long-term damage to the ocular 
surface;31 and an increased expression of H4 receptors 

32 
Activation of mast cells by IgE is relevant since it is 

33

34,35

-
tant source of IL-4, IL-5, IL-6 and IL-13 in patients with 

36

37,38 through activation of matrix metallopro-
39,40

been involved in several allergic diseases as a cyto- and 

factor, largely recognized in rhinitis and asthma.41 In 

at the beginning of the early phase reaction in pollen-

42-45 
Late phase reaction (LPR). 

46

-

47 and migration of effector cells, such as 
eosinophils, basophils and also T cells is dependent on 

-
natant from corneal keratocytes and tear samples from 

48

-

49

important source of IL-4, IL-5 and IL-13;50,51 on the other 
-

rienced memory T cells, and is a surface marker related 
to mucosal homing;52 remarkably IL-4 is required for 

53 Interestingly, after 
in vitro

IL-5, IL-6 and IL-8. These data suggest that interaction 

favours the selective adhesion of a circulating activated 

microenvironment;49 In line with this, it is well known 
that IL-6 is a cytokine that inhibits Treg differentiation;54 
thus, the lower frequency of Tregs observed in peripheral 

production of IL-6. Low percentage or dysfunction of 
Tregs, reinforces disease progression, as it has been 
recently described in asthma.55
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The ocular surface

-
terized by multiple Th1-type and Th2-type cytokines 
that are over expressed on ocular surface. The Th1-type 

-
56,57 

 and IL-4 can modulate the 
 signaling pathway favoring tissue remodelling 

58 while IL-1b, IL-4 

Figure 4
-

59 This 
particular microenviroment, enriched with 

, is also involved with changes in mucins expres-
sion,60

damage at ocular surface.61,62
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Neurogenic in lammation as promoting actor in 

ocular allergy

The immune system and nervous system are closely 
interconnected through innervation of lymphoid organs 

-
logical source, and receptors on target cells from both 

relatively small number of primary sensory neurons lo-

that are equally activated by a near-noxious mechanic 
stimulus and also are able to respond to different triggers 
like heat, exogenous chemical irritants, and endogenous 

cells or from plasma leaked since limbal capillary vessels 

64 

acidosis or temperature changes, vanilloid transitional 

-
mation, oedema and pain.65,66 Nociceptor antidromic 
stimulation contributes synergistically to propagate 

range of triggers induce more receptors on sensory 

called sensitization. The hyperactivation of sensory 

decreased pain threshold.67 The set of mechanisms that 
result in the activation and sensitization of primary 

surface is suggested by the large trigeminal sensory 
-

animal models of migraine, and clinical studies;68-70 the 

recently demonstrated in asthma.71 Thus, neurogenic 

patients,72

-
tients.73,74 Nevertheless, the studies about involvement 

the immunological system interact to develop health or 
disease at the ocular surface.

Conclusions and uture approaches 

for medical specialists, the clinical diagnosis is still 
a challenge due to a wide range of overlapping enti-
ties which might respond differently to conventional 
treatments; then, in order to understand the neuro- and 

develop new perspectives in the treatment of the most 

and ophthalmologists, more research is needed from the 
basic view to clinical applications. 

REFERENCES

-

-

-

-



181Revista Alergia México Volumen 60, Núm. 4, octubre-diciembre, 2013

The ocular surface

-

-

-

-

-

-

 

-

-

-
-

-

-



Revista Alergia México Volumen 60, Núm. 4, octubre-diciembre, 2013182

Galicia-Carreón J y col.

-

-
-

-

-

-

-

-

-



183Revista Alergia México Volumen 60, Núm. 4, octubre-diciembre, 2013

The ocular surface

-

-

-
Staphylococcus aureus




