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Introduction

The surface of the human eye is covered by a tear 
film (TF), also known as the precorneal tear film 
(PTF)1 or commonly known as tear fluid2. Tear fluid 
is a complex liquid produced by various glands asso-
ciated with the human eye. These gland secretions are 
transported by means of ducts that open on the ocu-
lar surface2. Traditionally, the PTF has been thought 
to consist of three discrete layers. This three-layered 
structure (first presented by Wolff3) has an outer li-

pid layer produced by the meibomian glands within 
the tarsal plate of the upper and lower eyelids; the 
core aqueous stratum which consists of various pro-
teins, electrolytes and water produced by the lacrimal 
glands and accessory lacrimal glands and lastly the 
inner mucous or mucin layer covering the corneal and 
conjunctival epithelium3, 4. The corneal and conjunc-
tival epithelia synthesize a mucin-like glycoprotein 
(MUC1) at the apical surface of the epithelium to con-
stitute the glycocalyx5, see Figure 1.
 

Abstract

The human tear film is a multi-layered and 
chemically complex structure, which performs 
numerous functions relating to the health of the 
corneal surface.  One of the core functions of the 
tear film is to protect the eye against invasion by 
pathogens.  Thus its middle layer, the ‘core aque-
ous stratum’, harbours a myriad of immunological 
and antimicrobial proteins. In this review we dis-
cuss the most abundant of these proteins (immu-
noglobulins, toll-like receptors, cytokines, lacto-
ferrin, lysozyme, lipocalins, surfactant protein-A 
and -D and defensins).  In order to illustrate how 
the levels of immunological/antimicrobial proteins 
in tears change in response to eye disease, we re-

view literature in which levels of these proteins 
have been measured in tears of patients with dry 
eye disease (DED) and keratoconus (KC).  Finally, 
we report results of a preliminary study to measure 
the concentration of secretory immunoglobulin A 
(sIgA) in the tears of DED and KC patients. The 
study showed a significant decrease of sIgA levels  
in DED compared to control. Further analysis must 
be done to determine whether or not DED and KC 
may be associated with differential expression of 
immune proteins. (S Afr Optom 2012 71(3) 123-
132)
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In 1973 a concept of the PTF was proposed by Hol-
ly6. This modern concept was then later refined by 
McCulley and Shine7 who concluded that the tear film 
lipid layer is composed of two phases: the one being a 
thin polar phase adjacent to the aqueous-mucin phase 
and the second being a thick nonpolar phase associ-
ated with both the polar phase and the air interface. 
Butovich8 reviewed this refined model and stated that 
this model did not take into account proteins inserting 
into the lipid layer nor the size of an outer lipid layer 
that may be up to 20 molecules thick.

Another concept of the PTF, proposed by Lemp9 is 
that of a metastable tear film composed of an aqueous 
gel with a gradient of mucin content decreasing from 
the ocular surface to the surface of the outer most li-
pid layer. This proposed structure is said to interact 
with the underlying aqueous and mucin components9.  
Below we discuss the functions of the TF. However, 
the purpose of this paper is to discuss the immunolog-
ical and antimicrobial molecules present in tear fluid. 

Functions of the PTF
Each of the three layers plays important biochemi-

cal roles. For the purpose of this article only the chief 
functions of each layer will be highlighted. Firstly, 
the PTF outer lipid layer, which is a hydrophobic 
barrier10, provides an optically smooth surface for 
the cornea11 that helps to prevent the evaporation of 
the aqueous phase of the TF and forms a water-tight 
seal for closed eyelids during sleep10, 12. Inadequate 

amounts of meibomian oil secretion may result in the 
PTF becoming unstable; this is thought to be one of 
many causes of dry eye disease13.

The core aqueous stratum (middle layer) is quan-
titatively the most important and it functions in gen-
erating the appropriate environment for the epithelial 
cells of the ocular surface, carrying essential nutri-
ents and oxygen to the cornea, allowing cell move-
ment over the ocular surface, as well as washing away 
epithelial debris, toxic elements and foreign bodies14. 
This layer contains many of the defensive proteins 
and antibodies. The composition of the aqueous lay-
er changes rapidly in response to environmental or 
bodily conditions and can influence the health, pro-
liferation, maturation and movement of the surface 
epithelial cells5.  The protein composition of this re-
markable layer is commonly studied to find possible 
indicators of various ocular diseases14. This aqueous 
layer is home to the myriad of immunological mol-
ecules that are the focus of this review.

Lastly, the function of the inner mucin layer is to 
ensure that the TF covers the entire ocular surface and 
also to ensure firmness of the aqueous layer over the 
ocular surface14 and it is important for proper ocu-
lar surface wetting5. This inner mucin layer prevents 
adhesion of foreign debris, cells or pathogens to the 
ocular surface. Mucins MUC-4 and MUC-5AC are 
also produced by the conjunctiva and may play a role 
in forming the tear-film layer at the air and ocular sur-
face-epithelium interface5.

Figure 1 Schematic illustration of the precorneal tear film showing the corneal epithelium with its glycocalyx, mucin, aqueous and 
lipid layers.   
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The mechanism of the blink is not yet fully under-
stood, but it plays a role in maintaining corneal in-
tegrity by spreading the TF15. Immediately after the 
blink, the TF starts to thin in an orderly fashion, main-
taining a complete or continuous aqueous cover until 
the next blink occurs, re-establishing a thicker film 
and so the process repeats itself4.

The immunological and antimicrobial composi-
tion of human tears 

One may question whether the composition of tears 
can be useful for diagnostic purposes of various ocu-
lar disorders, but from a biochemical point of view, 
the more important question is how the composition 
of tears changes in response to a specific disease16. 
Lately, biochemical analysis of the composition of 
the tear fluid has been utilized to detect a variety of 
diseases and has also been useful in understanding 
disease etiology. Comprehensive studies have been 
done on the composition of tear fluid to date11. Tears 
are generally composed of proteins and smaller pep-
tides, metabolites, electrolytes, carbohydrates, a tre-
mendously complex combination of lipids and other 
low- and high molecular weight compounds8, 14.  

The lacrimal gland secretes numerous amounts of 
proteins which act as antimicrobial factors or have an 
immunological function giving tear fluid the ability 
to be bacteriostatic as well as bacteriolytic. Some of 
these factors include lactoferrin (LF), lysozyme, toll-
like receptors (TLR), secretory immunoglobulin A 
(sIgA), complement proteins, mucin glycoproteins, 
surfactant protein-A and D (SP-A and SP-D), and de-
fensin antimicrobial peptides4, 17.

The immunological and antimicrobial molecules 
play an important role in maintaining ocular health by 
protecting the eye from various pathogens and other 
foreign particles that the eye is generally exposed to18. 
The immune system operating at the ocular surface 
involves both an innate and an adaptive immunity4. 

Innate and adaptive immunity
The innate immune system is also referred to as 

the non-specific immune system and can be seen as 
a first-line immune reaction to an unexpected patho-
gen. The activation of innate immunity leads to the 
activation of the adaptive immune system. An innate 
response to an infection is an immediate, nonspecific 
reaction, which is mediated by mast cells, neutrophils, 

monocytes, macrophages, natural killer cells and T-
cells and B-cells. Upon reaction to pathogens, various 
mediators are expressed to produce a cascading reac-
tion, for example mast cells produce Tumor Necrosis 
Factor (TNF-α), Interleukin (IL)-1, IL-3, IL-4, IL-6, 
Granulocyte Macrophage Colony Stimulating Factor 
(GM-CSF) and histamine, which have multiple ef-
fects on T-, B- and other immune cells and receptors 
in the nervous and endocrine systems19.

Adaptive (otherwise known as acquired) immuni-
ty is mediated by B- and T-cells or a combination of 
both. The adaptive immune system is divided into two 
classes: humoral and cell-mediated immunity. In cell-
mediated immunity T-cells are activated by the expo-
sure of an antigen (Ag) to Ag presenting cells such as 
monocytes, macrophages and B-cells. The T-cells can 
form complexes with other cells carrying the same Ag 
(virus-infected cells) and then initiate neutralisation 
of it. B-cells, which activate  humoral immunity, pre-
sent immune proteins on their surface known as im-
munoglobulins (Ig) or more commonly referred to as 
antibodies (Ab).  The antibodies on the B-cells only 
recognise specific antigens. Upon the recognition of 
antigens, the B-cells are activated by the Ig receptor: 
Ag complex20, 21. The activation causes the B-cells to 
develop into plasma cells which secrete their antibod-
ies into the blood or lymph. The B-cells can also di-
vide and differentiate into memory so that the body 
can be protected from that specific pathogen when it 
is presented again21.

There are five different classes of circulating anti-
bodies: IgG, IgM, IgA, IgD and IgE. The basic unit 
of an Ab is a monomer, which is a Y-shaped struc-
ture that contains four subunits. These subunits, two 
identical light chains and two identical heavy chains, 
are associated with each other by disulfide bonds via 
non-covalent interactions. These Y-shaped monomers 
can become chemically bonded with other Y-shaped 
monomers to form polymeric antibodies. An example 
is IgA, which occurs as a monomer, dimer or trimer22. 

Immunological and antimicrobial proteins
IgA antibodies (adaptive)

The lacrimal gland contains a diverse array of lym-
phocytes, including plasma cells, T-cells, B-cells, 
dendritic cells and macrophages as well as a high 
concentration of IgA and IgD plasma cells23. IgA-
positive plasma cells account for the majority of the 
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mononuclear cells in the lacrimal gland24-26.  Secreto-
ry IgA (sIgA) in tears serve as the primary mediators 
of specific immunity in the TF, which is apparently 
important during prolonged eye closure23. Tears con-
tain less polymeric IgA, monomeric IgA, IgG, IgM 
and IgE than sIgA. The concentration of various an-
tibodies in tears may rise dramatically during infec-
tion. An increase in IgA, IgG and IgM levels can be 
an indication of acute adenoviral conjunctivitis, acute 
bacterial conjunctivitis, acute follicular conjunctivi-
tis, chronic KC27 et cetera. An increase in IgE levels 
in tears can be an indication of allergic conjunctivitis, 
atopic conjunctivitis, giant papillary conjunctivitis 
and vernal keratoconjunctivitis23, 28.

Toll-like receptors (innate and adaptive)
The innate and adaptive immune systems are acti-

vated upon recognition of specific pathogen associ-
ated molecular patterns (PAMPs) which are specific 
molecules that have remained conserved through re-
lated taxa and similar species throughout evolution; 
they are therefore evolutionary conserved. PAMPs are 
evolutionary conserved (their genes have remained 
unchanged through evolution) pathogen-derived mol-
ecules, which have the capability to activate the innate 
and adaptive immune systems. Examples of PAMPs 
include flagellin, peptidoglycan, lipoteichoic acid 
and lipopolysaccharide29. PAMPs are recognised by 
a family of TLR proteins on corneal epithelial cells. 
To date ten functional human TLRs have been identi-
fied,30 each with their own unique function. 

TLRs play an important role in the ocular surface 
immune response to pathogens. TLR activation ac-
tivates the innate immune system by means of the 
production of cytokines and chemokines. Cytokines 
and chemokines are both important molecules for the 
stimulation of immune and inflammatory cell infiltra-
tion into the area of the pathogenic attack to resolve 
infection. The TLRs can also activate the acquired 
immune system by increasing the expression of major 
histocompatibility complex class II and co-stimulato-
ry molecules in the cornea and conjunctiva30-32. The 
immune system might prevent the pathogens from 
causing ocular damage but the number of inflamma-
tory molecules released can damage the ocular sur-
face30. TLRs are involved in various ocular surface 
disorders such as Herpes simplex keratitis (TLR2, 3, 
4, 7, 9); Pseudomonas keratitis (TLR4, 5, 9), Sjögren’s 

syndrome dry eye (TLR1, 2, 3, 4) and Non-Sjögren’s 
syndrome dry eye (TLR2, 4, 5, 9). For more details 
on TLRs and their roles in ocular surface disease, the 
reader is referred to a recent review by Redfern and 
McDermott30.

Cytokines (innate and adaptive)
Researchers in ocular immunology have turned 

their attention to the cytokine content of tears and its 
inferences in the processes of ocular inflammation33. 
Cytokine is a general term for any kind of communi-
cation molecule. These molecules are secreted in low 
amounts and act locally at the site of release in reac-
tion to illness, injury or inflammation. One of their 
functions is to serve as a signal transmitter or messen-
ger between cells to control an immune response34.

The pro-inflammatory cytokine IL-1 is an impor-
tant mediator of inflammation, immunity and wound 
healing35, 36. Typical causes of ocular inflammation 
include the impairment of any of the physiological 
processes that protect the eye such as infrequent lubri-
cation facilitated by blinking, lowered tear production 
and the lack of antimicrobial substances in tears37. 
IL-1 comprises two pro-inflammatory forms (IL-1α 
and IL-1β) and one naturally occurring anti-inflam-
matory form, IL-1 Receptor Antagonist38. IL-1β regu-
lates the secretion of inflammatory cytokines such as 
IL-6, IL-8, TNF and GM-CSF by human corneal epi-
thelial cells (HCEC) in the event of a microbial con-
frontation35-36.  Although IL-1 plays a significant role 
in inflammation and wound healing, increased levels 
of it at the ocular surface are said to contribute to the 
epithelial damage observed in patients with aqueous 
deficient or evaporative dry eye35.

In healthy tears, pro-inflammatory cytokines that 
have been measured include: IL-1 α, IL-1β, IL-6, 
IL-8, Transforming Growth Factor (TGFb-1) as well 
as Vascular Endothelial Growth Factor (VEGF)33. 
These inflammatory mediators function to attract and 
retain inflammatory cells in the conjunctiva39. Com-
parison of the levels of cytokines within the lacrimal 
fluid of healthy and diseased patients can increase 
our knowledge of the pathology of certain ocular dis-
eases. Previous studies have reported elevated levels 
of the cytokines described above as well as the pres-
ence of TNF-α, IL-4, IL-5, Interferon, GM-CSF and 
eotaxin in the tears associated with various ocular 
diseases such as keratoconjunctivitis sicca, Sjögren’s 
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Syndrome, Non- Sjögren keratoconjunctivitis sicca, 
Seasonal Allergic Conjunctivitis and Atopic Kerato-
conjunctivitis 33, 35.

 
Lactoferrin (innate and antimicrobial proteins)

In the PTF, LF is a non-haem iron-binding protein 
that is part of the transferrin protein family40 and is 
produced in the acinar cells of the lacrimal gland18. 
LF was first reported in human tears by Masson et 
al40 This protein has various functions which include 
immune response, antibacterial, antioxidant, anticar-
cinogenic and anti-inflammatory properties12, 18. The 
antimicrobial activity of LF is based on two mecha-
nisms. The first mechanism causes a bacteriostatic 
effect by blocking iron in the area of infection, thus 
preventing the microorganism from using the iron as 
a nutrient. The second mechanism causes cell lysis 
on bacterial, viral, fungal and parasite surfaces. This 
mechanism is achieved by positively charged amino 
acids in LF that interacts directly with the anionic 
molecules on the surfaces of these infectious agents, 
thus breaking the cell41.

Although LF plays a role in the anti-inflammatory 
and immunomodulatory process, the mechanism is 
not well established18. The concentration of LF in the 
tears of a healthy person is about 2.2 mg/ml18 whereas 
in a person with SS the concentration is half of that42. 
The levels of LF are lower in SS due to the fact that 
one of the causes of SS is an autoimmune disease of 
the lacrimal gland. Thus LF cannot be secreted by the 
lacrimal glands. A few more examples of decreased  
LF levels are in other diseases like idiopathic dry eye, 
myotonic muscular dystrophy, KC43, et cetera.  

Lysozyme (Innate and antimicrobial proteins)
Lysozyme is the most alkaline protein in tears and 

makes up 20-40% of total tear proteins44, 45. Lys-
osomes secrete higher levels of this enzyme in the 
PTF than in any other body fluid45. The lysosomes that 
secrete lysozyme in the tear fluid are situated within 
the lacrimal glands46. Lysozyme plays a role in innate 
immunity against bacteria and is thus also called an 
antibacterial enzyme47. The role of lysozyme in in-
nate immunity is to break down the peptidoglycan 
within bacterial cell walls thus destroying bacteria. 
Gram positive bacteria invading the ocular surface 
are most likely to be destroyed by lysozyme41. It has 
been reported that lysozyme levels decrease with age 

and in patients with SS45. Lysozyme has been shown 
to increase in patients with KC48.

Lipocalin (Innate and antimicrobial proteins)
Lipocalin is a multi-functional protein produced 

mainly by the lacrimal glands but it is also expressed 
by the glands of Von Ebner (salivary glands) and pos-
sibly by the meibomian glands of the eyelid as well. 
Lipocalin is said to be packaged into granules ac-
companied by lysozyme and lactoferrin and secreted 
from the lacrimal gland into the tear fluid. Gasymov 
et al  showed that tear lipocalin interacts with both 
lysozyme and lactoferrin and suggested that these 
three molecules might function in concert49. Tear 
lipocalin plays various roles in maintaining the health 
of the ocular surface. For example, it maintains vis-
cosity and a low surface tension in the tear film, thus 
maintaining the stability of the tear film45, 50. A short-
age of lipocalin is said to cause a precipitation of the 
tear film, which results in the formation of mucous 
strands and then finally a disorder of the stability of 
the TF51.

 
Surfactant protein-A and -D (Innate and antimicro-
bial proteins)

Surfactant protein A and D (SP-A and SP-D) are 
members of the collectin family. They protect the oc-
ular surface via the innate immune response52.  SP-A 
and SP-D bind to the surfaces of various microbes 
leading to a variety of well-characterized anti-micro-
bial functions including aggregation and neutraliza-
tion, opsonisation for phagocytosis, direct gram-neg-
ative bacteria cell-membrane lysis and also inhibition 
of bacterial and fungal growth in macrophages53.

 
Defensins (Innate and antimicrobial proteins)

Narayanan et al54 proposed that naturally occurring 
β-defensins (hBDs), which are antimicrobial peptides 
involved in the innate host defence system, act as an 
alternative means of defence for compromised ocu-
lar surfaces. There are two types of defensin families, 
α and β, which occur in the human body. Defensins 
are believed to have antimicrobial effects by forming 
pores in the membranes of various bacteria (especial-
ly gram negative bacteria) and fungi as well as envel-
oped viruses17, 54.  Recent in vivo studies in animal 
models have shown that cathelicidin and defensins 
play an important role in protecting the ocular surface 
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from Pseudomonas aeruginosa (PA) infection55.

How do levels of immunological molecules differ 
in tears of patients with different ocular diseases?

In order to illustrate how immunoprotein levels dif-
fer in distinct ocular diseases we have extensively re-

viewed the literature on KC and DED.  A summary of 
the difference in immunoprotein levels in DED and 
KC compared to healthy subjects is given in Table 
1. Up arrows indicate an increase in protein levels 
compared to control, whereas down arrows indicate 
a decrease.  Horizontal arrows indicate no difference.

Table 1 Overview of the relative levels of immunoproteins in the tears of patients with dry eye disease and keratokonus. ↔ No 
change in protein level compared to coltrol; ↑ Increase in protein level compared to control; ↓ Decrease in level compared to con-
trol; *Proteins of which the levels differ in KC and DED; AQP5, Aquaporin 5; CXCL, Chemokine (C-X-C motif) ligand; CXCR, 
Chemokine receptor; EGF, Epidermal growth factor; ICAM, Intercellular adhesion molecule; IFN, Interferon; IgG, Immunoglobulin 
G; IGKC, Immunoglobulin kappa chain; IgM, Immunoglobulin M; IL, Interleukin; MIP, Macrophage inflammatory protein; MMP, 
Metalloproteinase; PIP, Prolactin-inducible protein; S100, calgranulin; S100 A11, calgizzarin; sIgA, Secretory immunoglobulin A; 
TIMP, Tissue inhibitor of metalloprotease; TNF- α, Tumour necrosis factor alpha; TRAIL-R1, Tumor necrosis-related apoptosis-
inducing ligand-R1; VCAM, Vascular adhesion molecule; VEGF, Vascular endothelial growth factor; ZAG, Zinc- α2-glycoprotein. 
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Clearly, there are gaps in the literature regarding 
the levels of immunoproteins in these diseases.  For 
example, the level of many ILs is yet to be deter-
mined in the tears of KC patients. Furthermore, there 
are conflicting reports on the levels of TNF-α for ex-
ample, which has been reported to be elevated in KC 
compared to healthy tears by some56, 57 and to be low-
er in KC by others58. Epidermal Growth Factor (EGF) 
levels in DED are also disputed (see Table 1). It is 
interesting to note that the levels of certain proteins 
(indicated by an asterisk in Table 1) are elevated in 
one disease state but lower in another. sIgA concen-
trations, for example, are lower in DED but higher in 
KC compared to healthy subjects.

Preliminary investigation
To address some of these issues, we have com-

menced a study in which we are evaluating the levels 
of immunological proteins in subjects with symptoms 
of  DED and KC compared with healthy (control) 
subjects. Amongst other proteins, we evaluated sIgA, 
a predominant tear immunoglobulin. sIgA, together 
with active phagocytes and lysozyme, plays a de-
fensive role against various pathogens by providing 
a first line of defense to protect the ocular surface59. 
The concentration of sIgA is compromised by an in-
creased tear flow rate. Thus in tears of healthy humans 
the sIgA concentration in unstimulated (basal) tears is 
~100-900 μg/ml and in stimulated (reflex) tears  ~200 
μg/ml.60

In our study (ongoing), tears were collected with 
10 μl glass micro-capillary tubes and care was taken 
not to touch the globe to prevent reflex tearing. Pa-
tients for this study included three groups: Control 
(n = 10), DED (n = 10) and KC (n = 6). For the con-
trol group, the volunteers were all non-contact lens 
wearers who had been free from ocular infection for 
at least three years. Each individual in this group was 
examined to be sure that they do not have DED or 
KC. KC volunteers were examined by slit lamp bi-
omicroscopy to confirm signs of KC. DED volunteers 
were selected based on a verified dry eye disease 
questionnaire. A ELISA (Enzyme-Linked Immuno-
sorbent Assay) kit (DRG® Secretory IgA EIA-4601) 
was used for this study. ELISA is a highly sensitive 
method used to determine if a particular protein is 
present in a specific sample and can also quantify the 
amount of protein present.  Preliminary results of our 

study are presented in Figure 2. A standard curve was 
constructed using known concentrations of sIgA (0-
600 μg/ml) and absorbance was measured at a wave-
length of 405 nm (Figure 2a). The tear samples from 
the different groups fell well within the sensitivity 
range of the ELISA kit. 

Figure 2 Tear sIgA levels in control, DED and KC patients.  
a.) Calibration curve used to determine unknown sample con-
centrations from absorbance measurements of protein standards 
at 405 nm. b.) Comparison of tear sIgA concentrations from con-
trol (n = 10), dry eye disease (DED; n = 10) and keratoconus 
(KC; n = 6) patients.   Statistical analyses were performed with 
commercial software (GraphPad Prism 5).  Analyses performed 
include ANOVA and unpaired t-test.  ** =  P<0.001.

Discussion and conclusion
We found that levels of sIgA in patients with DED 

were significantly lower compared to controls where-
as there was no difference between sIgA levels in 
KC patients and controls (Figure 2b). Our findings 
are consistent with a report by Hoshino et al61 who 
found a significant difference in the sIgA levels be-
tween subjects with DED (n = 13; P <0.001) and a  

a)

b)
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