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Summary

Contact lenses have become a popular method of vision correction for millions of people
globally. As with all devices designed for use within the body, interactions occur between
the implanted material and the surrounding biological fluid.

A common complaint of lens wearers is that they often experience symptoms of dry eye
whilst wearing lenses. This sensation is often heightened towards the end of the day.
Through the course of this study, various analytical techniques have been utilised including
one dimensional electrophoresis and Western Blotting to study the protein profiles of tear
samples. By studying the tears of non contact lens wearers, it was possible to analyse what
could be considered normal, healthy, individuals. A clinical study was also undertaken
which followed a population of individuals from the neophyte stage to one whereby they
were accustomed lens wearers. Tears were monitored at regular intervals throughout the
course of this study and worn contact lenses were also analysed for proteins that had been
deposited both on and within the lens.

Contact lenses disrupt the tear film in a physical manner by their very presence. They are
also thought to cause the normal protein profile to deviate from what would be considered
normal. The tear film deposits proteins and lipids onto and within the lens. The lens may
therefore be depriving the tear film of certain necessary components. The ultimate aim of
this thesis was to discover how, and to what extent, lenses affected tear proteins and if there
were any proteins in the tear fluid that had the potential to be used as biochemical markers.
Should this be achievable it may be possible to identify those individuals who were more
likely to become intolerant lens wearers.

This study followed the changes taking place to the tear film as an effect of wearing contact
lenses. Twenty-eight patients wore two different types of silicone hydrogel lenses in both a
daily wear and a continuous wear regime. The tear protein profiles of the lens-wearers
were compared with a control group of non-lens wearing individuals. The considerable
amount of data that was generated enabled the clearly observable changes to the four main
tear proteins to be monitored.
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1.1 Introduction

The development of materials suitable for use in the eye has proved to be a huge success
over the past three decades. New materials and solutions are continuously being developed
in the hope of increasing comfort, visual acuity and convenience for the wearer. A great
deal of research has been carried out to date on the interactions that take place between the
tear film and the contact lens upon insertion into the eye. One of the major problems of
lens wear is the deposition that occurs almost instantaneously upon inserting a lens in to the
eye. Such deposits can lead to discomfort, blurring and a reduction in visual acuity. This
deposition can be severe enough in some cases to cause individuals to cease wearing lenses.
These deposition processes and their consequence for the wearer have been the primary

driver in the development of new materials.

At the same time as the lens is being coated with components of the tear film, the tear film
itself may be being disrupted due to the lens adsorbing important elements of the tear film.
The integrity of the tear film is vital for safe and comfortable contact lens wear and, as
such, needs to be protected. Factors affecting deposition include the chemical composition
of the lens (e.g. ionicity), the composition and pH of the tears, inadequate blinking and poor
lens hygiene. Studies of the interactions taking place between the lens and the tear film are
necessary to better understand the relationship between spoilation and clinical
complications and to ultimately improve the physiological biocompatibility of biomaterials

used in the manufacture of contact lenses.

Studies on tears and in vivo contact lens wear have many advantages over investigations of
other materials designed for use within the body. The tear fluid is easily accessible and
minimal trauma is caused to the subject when it is being collected. It can also be studied
continuously without causing any harm. A complete knowledge of the structure of the tear
film is of paramount importance. Proteins, and their assumed role in spoilation, are of
particular interest as they are thought to be involved in immunological responses which

may be heightened upon the introduction of a foreign body in to the eye, e.g. a contact lens.
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1.2 Overview of the Structure of the Eye

The structure of the eye is very briefly described below. This thesis was more concerned

with the structure and function of tears but it was considered important to understand the

anatomy and function of the eye before the interactions between the tear fluid and contact

lenses can be considered.

The eye is a spherical, fluid filled structure, approximately 2.5 cm in diameter,' enclosed by

three layers. These are (from outermost to innermost):

Sclera and cornea — the sclera is a fibrous outer protective coating of the eye —
consisting almost entirely of collagen. It forms the visible white part of the eye.
Anteriorly, the outer layer consists of the transparent cornea. Light rays pass through
the cornea into the interior of the eye. The conjunctiva is the thin, transparent, mucous
membrane that covers the posterior surface of the lids and the anterior surface of the
sclera.

Choroid, ciliary body and the iris — the choroid is the highly pigmented layer underneath
the sclera. It contains many blood vessels that nourish the retina. The choroid layer
becomes specialised anteriorly to form the ciliary body and the iris. The iris is a thin,
pigmented smooth muscle. Light enters the interior portions of the eye through the
pupil — the round opening in the centre of the iris. The radial muscles in the iris allow
the pupil to increase in size when they contract to allow more light to enter the eye in
dim conditions. Contraction of the circular muscles within the iris causes the pupil to
get smaller. This has the effect of reducing the amount of light entering the eye.

Retina — the retina consists of an outer, pigmented, layer and an inner layer of nervous
tissue. The rods and cones are found in the layer of nervous tissue. These

photoreceptors are responsible for converting light energy into nerve impulses.
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Nlustration removed for copyright restrictions

Figure 1.1 - The structure of the eye

The interior of the eye consists of two fluid-filled cavities separated by a lens. They are all
transparent and allow light to pass through the eye from the cornea to the retina. The
anterior cavity between the cornea and the lens contains the aqueous humour — a watery
fluid. The aqueous humour carries nutrients to the cornea and the lens as they lack their
own blood supply. The larger, posterior, cavity between the lens and the retina contains the
vitreous humour — a semi-solid substance. The vitreous humour is important in maintaining
the spherical shape of the eyeball.

Aqueous humour is produced at a rate of about Sml per day by a capillary network within
the ciliary body. The fluid drains into a canal at the edge of the cornea and eventually enters
the blood. Glaucoma is a condition arising due to the intraocular pressure rising as a result

of excess fluid in the anterior cavity.
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1.2.1 The Conjunctiva

The conjunctiva, which is the thin transparent mucous membrane covering the posterior
surface of the lids and anterior surface of the sclera, comprises an epithelium, which
consists of up to five layers of stratified epithelial cells, and an underlying stroma.> The
goblet cells are found within the conjunctival epithelium. They secrete the mucin

component of the tear film.

The accessory lacrimal glands (the glands of Krause and Wolfring) are located in the
conjunctival stroma. The stroma is made up of loosely arranged collagen bundles. It
consists of fibroblasts, macrophages, lymphocytes and occasionally eosinophils and

neutrophils.
1.2.2 The Cornea

The human cornea occupies about 7% of the eye’s surface area. It has a diameter of
approximately 12mm. Reports suggest that it is 0.52mm thick in the centre and 0.65mm at

the periphery.’ The cornea is a transparent tissue. It has five distinct layers:

e Epithelium

e Bowman’s layer

e Stroma

e Descemet’s membrane

e Endothelium
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Figure 1.2 — The structure of the cornea

1.2.2.1  The Corneal Epithelium

The corneal epithelium is the outermost layer and provides an effective barrier against
damage to the eye. It is approximately SO - 60pum thick® and constitutes roughly 10% of the
total thickness of the cornea.™ ® It consists of several layers of cells. They progress in
shape from the basal columnar cells of the superficial layer to the squamous flattened cells.
These basal cells form a single layer resting on a basement membrane. They gradually
desquamate into the tear film and are continuously replaced by cell division in the basal
cells. The multi-layered epithelium provides a permeability barrier to prevent the
penetration of the tear fluid into the underlying stroma. The epithelium secretes Bowman's
membrane to which it is attached.

1.2.2.2 Bowman’s Layer
The Bowman’s layer lies immediately beneath the basement membrane of the comneal
epithelium. This is a thin layer (8 — 12 um in thickness) consisting of a network of short

collagen fibrils. It is a fairly durable layer and provides the first few microns of the
connective tissue of the corneal stroma. The Bowman’s layer merges with the stroma
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1.2.2.3 Stroma

The stroma is an important part of the cornea and constitutes approximately 90% of the
total thickness of the cornea. The stroma comprises collagen fibrils, stromal cells and
ground substance (containing proteoglycans, glycoproteins, proteins and keratocytes).
Water is particularly abundant in the ground substance and accounts for 78% of the total
weight. The ground substance is jelly-like in consistency in its normal hydrated state. The
collagen fibrils are very thin — approximately 32nm in diameter. It is the orderly

arrangement of the collagen fibrils that is responsible for the transparency of the cornea.

Keratocytes are the most common type of cell found in the stroma. They build up the
structure of the stroma by synthesising collagen fibrils. Keratocytes migrate to the site of

injury when there is damage to the cornea.’

1.2.2.4 Descemet’s Membrane

The Descemet’s membrane lies on the posterior surface of the stroma and is the basement
membrane of the endothelium. This layer is thin (approximately 10 um in thickness) and
consists mainly of collagen. It is secreted by the endothelium. It is produced throughout

life and so increases with age. The membrane is 10 — 15um thick® in the adult eye.

1.2.2.5 Endothelium

The endothelium is a monolayer of cells. The cell cytoplasm contains numerous
mitochondria, a prominent endoplasmic reticulum and a Golgi apparatus. These are
indicators that the endothelium plays an active role in the synthesis and transport of fluid.
The corneal endothelium secretes its own basement membrane, the Descemet’s membrane.
The endothelial cells are packed together on this membrane. The endothelium is bathed in
the aqueous humour. The endothelium pumps ions and fluids out of the stroma into the

aqueous humour. This maintains corneal hydration and transparency.
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1.2.2.6 Function of the Cornea

The main function of the cornea is to transmit light. A healthy cornea transmits about 90%
of the light in the visible spectrum.* Tt also provides most of the eye’s refractive power.
Approximately 70% of the refraction that takes place does so at the air-cornea interface.
The human cornea has a refractive index of 1.375. Together with the sclera it forms the
physically robust outer layer of the eye thus protecting the fragile tissues within the eye.

The cornea also provides a barrier to prevent the entry of pathogenic organisms.
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1.3 Tears: Structure and Function

Human tears have a very complex chemical composition. At least 60 components have
been identified including proteins, lipids, enzymes, salts, glucose and urea.® The tear
volume has been estimated to be 7.0 + 2.0ul.” The average rate of tear production has been
estimated to be approximately 1ul/min. The technique employed in the sampling of the
tears does affect this value however. The tear film has been described as a tri-laminar
structure, 7 — 10pm in thickness."® These layers are not thought to be distinct layers as
some degree of interaction occurs between them. This is a well-established model of the
tear film, but modifications to this structure are regularly proposed. The three layers are:

the inner mucin layer, the middle aqueous layer, and the outer lipid layer.

0.1pm thick

Aqueous layer
< 7 pm thick

Mucin layer
— 0.02 — 0.05 um thick

+— Microvilli

4+— Superficial epithelial cells

Figure 1.3 — The structure of tears
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1.3.1 Mucin Layer

The mucins are made up of glycoproteins, free proteins and salts with an electrolyte content
similar to that of serum. This mucous glycoprotein layer is probably essential in the
maintenance of a stable tear film over the ocular surface. Goblet cells in the conjunctiva are
believed to supply the mucin, along with the glands of Manz and the crypts of Henle. There

are also mucous-secreting cells that have been found in the lacrimal gland.

The tear model is constantly under review and discussion. Previously, it was thought that
the mucins were found only in this layer, which was about 0.02 — 0.05um in thickness.
Recent studies suggest that they may in fact be more widely dispersed through the tear

film.'"'* This is referred to as the “mucous gel” model.

The mucins within the tear film appear to make the surface of the cornea more wettable due
to their hydrophilic nature."” They are also thought to lower the surface tension of the tears.

In doing so, they enable the tears to be spread over the cornea during the blink action.'* '*

This mucous layer is similar to that found in other parts of the body. The mucous in the
respiratory tract traps microorganisms and other irritants. They can then be expelled from
the body by sneezing. The mucous found in the eye acts to inhibit the adherence of
pathogens to the ocular surface. They are then cleared through the normal tear turnover or
are flushed by excessive lacrimation and blinking.'® It is thought that this layer may also
provide a means of allowing immunological agents such as IgA and lysozyme to anchor
themselves. The mucous layer may therefore be thought of as making a contribution to

local immunity. '’
1.3.2 Aqueous Layer

The aqueous layer accounts for approximately 98% of the total thickness of the tear film. It
is thought to be about 7.0pm in thickness and contains a variety of both organic and
inorganic species. As many as sixty proteins have been detected in the aqueous layer as

8, 18

well as glycoproteins, urea, electrolytes and glucose. Some of the proteins are tear

29



specific originating from the main lacrimal gland and, to a lesser extent, the accessory
glands of Krause and Wolfring. Others are plasma/serum derived as a result of vascular
leakage or transport across the blood-tear barrier. The proportion of these serum derived

20 .
1920 The concentration of

components is increased during eye closure and inflammation.
tear components varies between individuals, even in the healthy eye. Age, gender, and the
wearing of contact lenses are all factors that may affect the concentration. The collection
technique employed also affects protein concentrations due to the degree of trauma the eye
is subjected to. Invasive methods e.g. filter paper and sponges stimulate the conjunctiva.
This results in a higher proportion of plasma proteins from the serum being detected.

Differing results may also arise through the usage of different analytical techniques.

The tear film also contains many electrolytes; both cations and anions. The main cations are
sodium and potassium. Magnesium and calcium are also present in lower concentrations.
Chloride and bicarbonate are the main anions found within the aqueous layer. The
electrolytes act to maintain the pH of the tears within normal limits and also add to the

. 2
osmotic pressure.”!

The proteins present in the tear film are of great importance because of their assumed role
in immunological reactions. Contact lenses disrupt the structure of the tear film and may
cause the concentrations of these proteins to deviate from the normal range. The main
proteins of interest are: albumin, lactoferrin, lysozyme, lipocalin, the immunoglobulins (Ig)
including IgA, IgG and IgE, and the cytokines. The role of these proteins is discussed in

section 1.4.

The main functions of the aqueous layer can be summarised as follows:

e Supplies the corneal epithelium with essential nutrients

* Maintains the pH of the tears within a healthy range

e Improves the lubrication of the cornea to protect it from mechanical damage

e Allows the removal of foreign bodies from the ocular surface’ ** %*
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1.3.3 Lipid Layer

The outermost layer of the tear film is the lipid layer. It is only about 0.1um thick. During
the action of a blink this layer becomes compressed and so becomes even thinner. It is
mainly composed of waxy esters and sterols. Together they comprise 90% of the total
thickness of the lipid layer. The remainder is made up of triacylglycerols, cholesterol, polar

25, 26

lipids and free fatty acids. A great deal of variation is seen between individuals. The
lipid layer is secreted by the meibomian glands in the lower and upper lids and also the
glands of Moll and Zeiss.”” The lipid layer is anchored at the orifices of the meibomian
glands and so acts completely independently of the aqueous layer beneath it. The lipids are

orientated in such a manner so as to expose their hydrophilic ends to the aqueous layer.® %

The lipid layer has many important functions, which can be summarised as follows:

e Reduces evaporation from the underlying aqueous layer. A four-fold increase is seen in
evaporation if the lipid layer is absent

e Acts as a lubricant allowing the lids to move smoothly over the surfaces of the
conjunctiva and cornea

e Reduces the surface tension of the tear film enabling it to be spread more effectively
following a blink

e Prevents wetting of the skin of the lids adjacent to the eye
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1.4 The Roles of the Tear Proteins

Tear proteins have been very important in this study due to their assumed role in
immunological responses and hence their involvement in the protection of the eye. They
also serve many other functions including:

e Metal transport

e Control of infectious agents

e Osmotic regulation

Table 1.1 (see below) provides a summary of the main tear proteins and their relative

characteristics.

Protein Average Molecular Origin Net charge
concentration weight (kDa)
(mg/ml)

Lysozyme 1.3 14.6 Tear +
Lactoferrin 1.4 82 Tear +
s-IgA 03 160 Tear/plasma ¥
IgG 0.13 150 Plasma i
Lipocalin 123 21 Tear e
Albumin 1.3 68 Plasma -

Table 1.1 - Summary of averaged reported concentrations of tear proteins

1.4.1 Antibacterial Agents
The eye is constantly exposed to the external environment and as such is exposed to many

organisms and foreign bodies that could be detrimental to ocular health. Many mechanisms

exist to protect the eye from such ocular assault. These mechanisms range from the simple
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blink to the more complex e.g. the presence of antibacterial agents, which can interact with

pathogens and ultimately render them harmless.
1.4.1.1 Lactoferrin

Lactoferrin (molecular weight 82 kDa)’’ is an iron binding protein found in most body
fluids including saliva, tears and nasal secretions.®' It is thought that lactoferrin acts as a
defense protein against bacterial invasion due to its bacteriostatic properties. It binds to
essential metal ions making them unavailable for microbial metabolism. Lactoferrin may
also assist lysozyme in the killing of Gram negative bacteria by altering the outer
membrane thus exposing the peptidoglycan. This leads to the lysis of the bacteria.'* '® The
main and accessory lacrimal glands are the major sources of tear lactoferrin. Values
obtained for the concentration of lactoferrin in tears range from 1 — 2 mg/ml depending on
the collection technique employed. The average concentration found in unstimulated tears
is 1.2 mg/ml. A great deal of variation is found between individuals.*> The concentration
also declines with age. Diseases that affect the lacrimal gland e.g. keratoconjunctivitis

sicca and Sjogrens syndrome result in drastically lowered concentrations of lactoferrin.****

1.4.1.2 Lysozyme

Alexander Fleming first identified lysozyme in 1922 as an antibacterial enzyme. It was
isolated in nasal secretions and was then later discovered in tears. Lysozyme accounts for
approximately 20% of the total tear protein. It is present in most tissues and secretions but
not in high enough concentrations to be anti-bacterial — with the exception of tears, nasal
secretions and white blood cells. In the tear fluid, lysozyme (molecular weight 14.6 kDa) is
derived from the lacrimal gland. The concentration of lysozyme in tears is 0.5 — 4.5 mg/ml
depending on collection technique with an average concentration of 1.3 mg/ml."’
Lysozyme acts by breaking the B1 — 4 glycosidic bond between repeating glycan units of
the N-acetylmuramic acid (NAM) and N-acetylglucosamine (NAG) backbone structure of
the peptidoglycan outer coat of gram positive bacteria thus disrupting the cell wall.'® Gram
negative bacteria are not affected by lysozyme as they have an extra outer membrane
containing lipopolysaccharide that prevents their cell wall being attacked. They may

become more susceptible if this outer layer becomes damaged in some way.'® Lysozyme is
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said to have both bacteriostatic (prevents bacteria from multiplying and growing but is not
toxic) and bactericidal (kills bacteria) ac:tivity.z‘5 The levels of lysozyme decrease with age
and also in dry eye states e.g. Sjogrens syndrome. This enables the lysozyme concentration

to act as an indicator of tear dysfunction.
1.4.1.3 B-lysin

B-lysin is thought to be derived mainly from platelets. It is an enzyme that causes cell lysis
by disrupting the cell membrane found beneath the cell wall'® It is successful in
combating infections caused by bacterial cocci. Many of these are resistant to the actions of
lysozyme. The two enzymes work together to destroy bacteria. Lysozyme initially breaks
the cell wall thereby allowing B-lysin access to the cell membrane.'® 1t is found in many
body fluids and is likely to be found in tears as a result of transport from the blood. The

level of B-lysin in tears is reported to be approximately 150pg/ml.**

1.4.2 Antibodies and Inflammatory Mediators

Many other protein species are found within the ocular environment that act to protect the
eye from infection in addition to the antibacterial enzymes described above. Other proteins
are involved in inflammatory responses and wound healing. Such proteins include the
antibodies (immunoglobulins), cytokines, kininogen, and members of the complement

cascade.
1.4.2.1 Antibodies and Immunological Mediators

Approximately 20% of the total tear protein is made up of immunoglobulins. These
proteins, synthesised by plasma cells, are vital for ocular defense. There are five classes of
antibody: immunoglobulin (Ig) A, D, E, G and M. All are antigen specific. They are
similar in structure but have different amino acid sequences in the constant region of their
heavy chain allowing them to perform different functions. Each class plays a different role
in host defense.’” This humoral immunity is the first line of defense against entry of

pathogens.
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Figure 1.4 - Structure of an immunoglobulin

1.4.2.2 IgM

IgM provides the first line of defense. It is the first immunoglobulin to be produced in a
primary response to an antigen and is also the first immunoglobulin synthesised by a
neonate.*® During the host’s first encounter with an organism, IgM provides the main
humoral immune response. This stimulates an increase in IgA and IgG. 5 — 10% of the

total serum immunoglobulin consists of IgM.
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The secreted form of IgM is a pentamer. It consists of five separate IgM molecules linked
by a polypeptide called a J chain. Secreted IgM therefore has ten antigen-binding sites
making it highly successful in aggregating antigens.*”

[gM is unable to diffuse into the central stroma of the cornea due to its size. It is therefore
restricted to the periphery of the ocular surface. The concentration of IgM in tears has

recently been reported to be 5.6 pg/ml using enzyme linked immunosorbant assays.*’

In a healthy individual, only a trace amount of IgM is detected in the tear fluid — if any at
all. This level rises in some individuals who are deficient in serum IgA. A possible theory
for this is that serum derived IgM is secreted in some way so as to compensate for this

deficiency. ‘" !

1423 IgA

IgA is the main immunoglobulin present in tear fluid.** It is the main class of antibody in a
number of secretions including milk, saliva and in respiratory and intestinal secretions.®”
The IgA found in external secretions is different both chemically and immunologically
from serum IgA.** In tears, it is attached to an antigenic fragment called secretory
component.”®  Serum IgA is a 150kDa monomer. Secretory IgA is a dimer with a
molecular weight of 385kDa. This additional weight is due to the addition of a joining (J)
chain and a secretory component. IgA is probably synthesised by the interstitial plasma
cells and then coupled to secretory component following entry into the intercellular spaces.
It is then secreted through the blood-tear barrier as secretory IgA (s-IgA). Secretory-IgA
may inhibit the adherence of pathogens to mucosal sites and thus reduces the colonisation
of pathogenic organisms.** * Tt can also cross-link large antigens with multiple epitopes.
This binding of s-IgA to the surface of viral and bacterial antigens prevents the attachment
of such pathogens to mucosal cells. IgA is the main protective antibody of the mucosal and
secretory immune system. Values have been reported in the literature ranging from 0.04 —
0.85mg/ml. The average concentration is accepted to be approximately 0.3mg/ml.***” The

method of tear collection and analytical technique does affect this value.
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1424 1gG

IgG (molecular weight 150kDa) accounts for approximately 80% of serum antibody.”® It is
the second immunoglobulin to be produced as a result of an antigenic challenge, IgM being
the first. Following the successful combat of an infection, IgM specific for that antigen will
eventually disappear. IgG molecules directed against the organism will however persist in
the serum. IgG will be able to react faster than IgM upon a secondary exposure due to the
retained memory from the prior encounter. IgG is present in normal tears - albeit at a lower
concentration than in serum. The average concentration in the tear fluid is 0.13mg/ml.'® It

is found in both the precorneal tear film and the aqueous humour.
1.42.5 IgE

IgE occurs in very low concentrations in the precorneal tear film at approximately 100 —
700ng/ml.'®  IgE antibodies mediate hypersensitivity reactions responsible for the
symptoms seen in hay fever, asthma and anaphylactic shock. IgE binds to Fc receptors on
the membranes of basophils and mast cells.** Degranulation of these cells is then induced.
This results in a variety of mediators present in the granules to be released, giving rise to
allergic manifestations. The presence of IgE may represent a local immune system

reaction.
1.42.6 IgD

IgD constitutes approximately 0.2% of total serum immunoglobulin. It is a membrane
bound immunoglobulin expressed by B cells and it may therefore activate B cells by

antigen. To date, no other role has been identified for IgD.**
1.4.2.7 The Complement System

The complement system is the major effector of the humoral branch of the immune system.
It consists of nearly 30 serum and membrane proteins. These proteins and glycoproteins are
synthesised largely by liver hepatocytes - although significant amounts of complement
components are also produced by blood monocytes, tissue macrophages and epithelial cells

of the gastrointestinal and genitourinary tracts. These components circulate in the serum in
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inactive forms. Following initial activation, the various components interact in a highly
regulated enzymatic cascade to generate reaction products that enable the generation of an
inflammatory response. There are two pathways by which the complement system is
activated. The two pathways share a common terminal reaction sequence, which results in
the generation of a membrane attack complex (MAC). This complex is able to lyse a

variety of cells, bacteria and viruses.*®

The complement reaction products amplify the initial antibody-antigen reaction and
converts the reaction into a more effective defense mechanism. A variety of reaction
products are released during the activation of complement, inducing localised vasodilation
and the attraction of phagocytic cells chemotactically. This results in an inflammatory
reaction. As antigen becomes coated with complement reaction products it is then more
readily phagocytosed by phagocytic cells that carry receptors for these complement

products.

Complement activation by the classical pathway is usually initiated by the formation of
soluble antigen-antibody complexes (immune complexes) or by the binding of antibody to
an antigen on the surface of a target e.g. a bacterial cell. IgM and certain subclasses of IgG
can activate the classical complement pathway. The classical pathway is a specific immune
response. The initial stages of activation involves C1, C2, C3 and C4 in a sequence of
activation reactions. These are all present in the serum in an inactive form. The result of
these components being activated is the alteration to the conformation of C5. This is
cleaved into C5a, which diffuses away, and C5b — which attaches to the antigenic surface.

The bound C5b initiates the formation of the membrane attack complex.

Bound C5b can also be generated by the second major pathway of complement activation —
the alternative pathway. The alternative pathway is initiated in most cases by various cell-
surface constituents that are foreign to the host. Both Gram positive and Gram negative
bacteria have constituents in their cell wall that can activate the alternative pathway. This

pathway involves four serum proteins: C3, factor B, factor D and properdin.*®

Serum C3 undergoes hydrolysis to yield C3a and C3b. The C3b component can bind to
foreign surface antigens (e.g. those found on bacterial cells or viral particles) or to the

host’s own cells. Most mammalian cells have high levels of sialic acid which allows bound
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C3b molecules on the host cells to be rapidly inactivated. Many foreign antigenic surfaces
(bacterial cell walls, yeast cell walls and certain viral envelopes) have low levels of sialic
acid, C3b bound to these surfaces remains active for longer periods of time. Bound C3b
can also bind another serum protein called factor B. The binding of C3b to factor B
exposes a site on factor B that serves as the substrate for factor D. Factor D cleaves the
C3b-bound factor B to release a small fragment (Ba) which diffuses away and generates
C3bBb. This can then go on to generate more C3b. C3bBb3b complex is generated by the
C3 convertase activity of C3bBb — similar to the classical pathway. The non-enzymatic
C3b component binds C5. The C3bBb component subsequently hydrolyses the bound C5
to generate C5a and C5b. It is CSb that later binds to the antigenic surface.

The membrane attack complex is formed following the terminal sequence of complement
activation whereby C5b, C6, C7, C8 and C9 interact in sequence. This complex displaces
the phospholipids found in the membrane of invading pathogens. A large transmembrane
channel is then formed which disrupts the membrane and enables ions and small molecules
to diffuse through it freely.

The membrane attack complex is capable of lysing a broad spectrum of microorganisms,
viruses, and erythrocytes. The alternative pathway generally occurs without an initial
antigen-antibody interaction and so is an important innate system of non-specific defense.
The classical pathway provides a more specific defense mechanism, as it requires an initial
antigen-antibody reaction. The complement system plays a crucial role in host defense
against viruses. It is vital in containing the spread of viruses during acute infection and

protects against re-infection.

Various peptides generated during the formation of the membrane attack complex also play
a role in the development of an effective inflammatory response. C3a, C4a and C5a are
called anaphlatoxins. They bind to receptors on mast cells and basophils and induce
degranulation to release histamine and other mediators. These mediators induce smooth

muscle contraction and increased vascular permeability.

C3a and C5a can act together to induce monocytes and neutrophils to adhere to vascular

endothelial cells and migrate to the site of complement activation in the tissues. Activation
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of the complement system therefore results in the influx of fluid that carries antibody and

phagocytic cells to the site of antigen entry.
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Figure 1.5 — The complement pathway
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1.4.2.8  Cytokines

Cytokines are low molecular weight proteins (usually less than 30kDa) secreted by white
blood cells and a variety of other cells in the body in response to a number of stimuli. The
two main producers are the Ty cell and the macrophage. Cytokines released from these two
cells activate an entire network of interacting cells. They are involved in communication
between cells and they assist in regulating the development of immune effector cells.”
Some cytokines possess direct effector functions of their own. Cytokines tend to be
secreted following the activation of a particular cell. The secretion is short-lived and can
last for anything from a few hours to a few days. They bind to specific receptors on the
membrane of target cells thus triggering signal transduction pathways, which ultimately
alter the gene expression in the target cell. Cytokines and their receptors exhibit a very high
affinity for each other so pico-molar concentrations are sufficient to produce a biological
effect. The term cytokines encompasses those cytokines secreted by lymphocytes
(lymphokines) and those secreted by monocytes and macrophages (monokines). Many of
the cytokines are referred to as interleukins (IL). This indicates that they are secreted by
leukocytes and that they act upon other leukocytes. Interleukins 1 — 17 have been identified

to date.

Among the numerous physiological responses that require cytokine involvement are the
development of cellular and humoral immune responses, induction of the inflammatory
response, regulation of haematopoiesis™ (production of red blood cells), control of cellular

proliferation and induction of wound healing '

Cytokines involved in the immune response play an important role in determining which
cells or class of antibody will be involved in the host defense process. Interferon gamma
(IFN-y) and interleukin-2 (IL-2) induce the formation of cellular immunity mediated by T
helper cells. Interleukin-4 (IL-4) is involved the immediate hypersensitivity responses by
stimulating Th2 lymphocytes that regulate the production of IgE by B cells.

The presence of cytokines in the ocular environment is clearly of great value. It has been
demonstrated that cytokines are present in basal, uncompromised, tears (see section 1.7,
tear states), as well as in incidences of infection.’”** > Various cytokines have been shown

to be present in subjects with intraocular inflammation. Ocular cells that have been shown
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to produce cytokines include the retinal pigment epithelium, lens epithelial cells, corneal

stromal and corneal epithelial cells.

Epidermal Growth Factor (EGF) is the most studied of the cytokines. EGF plays a crucial
role in epithelial and endothelial wound healing. The function of EGF varies according to
which other cytokines are present. It is found in very low concentrations in a basal tear
(approximately 5.3 ng/ml)’*. This is sufficient to trigger an amplified cascade of other

responses however. Sjogrens syndrome results in a decreased concentration of EGF.

A summary of some selected functions of some cytokines is shown in Table 1.2.
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Cytokine Secreted by Target cells/tissues Activity
IL-1 Monocytes, Ty cells, Co-stimulates activation
macrophages. B B cells Promotes clonal expansion
cells Enhances activity
Natural killer cells Induces proliferation
IL-2 Tyl cells Antigen primed Ty;and Te
cells
IL-3 Ty cells, mast cells | Haematopoietic cells, mast | Stimulates growth &
cells histamine secretion
IL-6 Monocytes, Proliferating B cells, Promotes terminal
macrophages, T2 | plasma cells differentiation into plasma
cells, cells, stimulates antibody
secretion
IL-8 Macrophages Neutrophils Induces adherence to
vascular endothelium
IL-10 T2 cells Macrophages Suppresses cytokine
production
IFN-a Leukocytes Uninfected cells Inhibits viral replication
IFN-B Fibroblasts Uninfected cells Inhibits viral replication
IFN-y Tu. Tc and natural | Uninfected cells, Inhibits viral replication,
killer cells macrophages, inflammatory | enhances activity,
cells mediates various effects
important in
hypersensitivity reactions
TNF- Macrophages, mast | Tumour cells, inflammatory | Cytotoxic effect, induces
cells cells cytokine secretion
TNF-B Ty and Te cells Tumour cells, macrophages | Cytotoxic effects,

and neutrophils

enhances phagocytic

activity

Table 1.2 — Selected functions of some cytokines
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1.4.2.9  The Kinin System

The kinin system is an enzymatic cascade that begins when Hageman factor (a clotting
factor) is activated following tissue injury. The activated Hageman factor then activates
prekallikrein to form kallikrein. This then cleaves kininogen to produce bradykinin. This
inflammatory mediator is a potent vasoactive peptide that increases vascular permeability,

induces pain and the contraction of smooth muscle.** 3

The interaction of a variety of species (including Hageman factor, prekallikrein and high
molecular weight kininogen) with negatively charged species results in Hageman factor
being activated and ultimately cleaved. The complement system can also be activated by
kallikrein. Bradykinin is released as a result of the digestion of high molecular weight
kininogen by kallikrein. This results in the cleavage of C5 into C5a and C5b. The C5a
complement component is an anaphylatoxin that induces mast cell degranulation. This

results in the release of a number of inflammatory mediators from the mast cell.

Kininogens are single chain glycoproteins found in two forms. High molecular weight
kininogen (HMWK) has a molecular weight of 120 kDa. Low molecular weight kininogen
has a molecular weight of 68 kDa.*® They have a heavy chain in common but they each
possess a unique light chain. Low molecular weight kininogen (LMWK) has a much
shorter light chain>” HMWK produces bradykinin upon cleavage whereas LMWK
produces kallidin (lysyl-bradykinin). They are responsible for triggering the inflammatory

responses described earlier.

Very little work has been carried out so far on the significance of kininogen within the
ocular environment. HMWK has not been detected in open eye basal tears. This indicates
that it is not present in the tears of normal, non-contact lens wearing, individuals. It has,
however, been detected in deposits extracted from lenses worn in both a daily wear and an
extended wear regime. The implications of these findings as yet remains to be

determined.*® >’
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Figure 1.6 - Formation of plasma enzyme mediators following tissue damage

1.4.2.10 Vitronectin

This glycoprotein may play a role in inhibiting complement and plasmin-mediated damage
in other tissues. It is likely that it also protects the ocular surface against autolytic
damage.®® It is known that vitronectin potentiates microbial phagocytosis by

polymorphonuclear cells and enhances the efficiency of opsonisation and processing of
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microorganisms by monocytes and macrophages. It is found in human tear fluid in
increased concentrations during the closed eye state. Eye closure is associated with a
change in the pre-ocular tear film. The tear fluid changes from one considered to be in a
state of dynamic equilibrium to one that contains high concentrations of secretory IgA.°'
Complement activation occurs, serum albumin builds up and polymorphonuclear (PMN)
cells enter the tear fluid. These changes indicate a state of sub-clinical inflammation.®* This
is thought to protect the closed eye from the entrapment and proliferation of pathogens as it
is in a more vulnerable state during the closed eye state than it is in the open eye state.
Vitronectin is considered to be mainly a liver derived serum glycoprotein. It is also
distributed in loose connective tissue. Other suggested functions of vitronectin include its
ability to control haemolytic processes (it can bind factors such as heparin), cell migration,
tagging of damaged cells for phagocytic processing through vitronectin-specific receptors,
and also cellular adhesion due to direct interaction with the cell binding domain of

vitronectin.
1.4.2.11 Fibronectin

Fibronectin is a high molecular weight glycoprotein (reported to be 500 kDa)* found in
various body fluids — including plasma and amniotic fluid.** It has a number of functions
including cell adhesion, migration and differentiation”, and enhancement of phagocytic
activity by leukocytes and macrophages.*® It also plays an important role in corneal wound
healing.*” Fibronectin in the tear fluid may originate from the conjunctival blood vessels
through the tear film. It may be secreted from the lacrimal gland, or from the ocular surface
epithelium — either corneal or conjunctival. It appears at the site of injury and disappears

upon the healing of the wound.

Tear fibronectin concentration may increase during the closed eye state, as it is known that
fibronectin accumulates during inflammation. This has been observed in inflammation of
the lungs, joints and vitreous. Levels of fibronectin are shown to increase following
cataract surgery. The concentration of fibronectin in the tear film has been estimated to be
3 -9 pug/ml
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1.4.2.12 Mucosal Associated Lymphoid Tissues

The mucous membranes lining the digestive, respiratory and urogenital systems have a
combined surface area of about 400m®. They are also the major sites of entry for most
pathogens. The defense of these membranous surfaces is provided by a group of organised
lymphoid tissues collectively known as mucosal-associated lymphoid tissue (MALT).
These tissues range from loose clusters of lymphoid cells with little organisation to
organised structures such as the tonsils, appendix, and Peyer’s patches. There is a high

population of antibody-producing cells found within MALT.

The epithelial cells of mucous membranes play an important role in promoting the immune
response by delivering small samples of foreign antigen from the lumina of the respiratory,
digestive and urogenital tracts to the underlying mucosal-associated lymphoid tissue.
Specialised cells called M cells carry out this antigen transport. They are flattened
epithelial cells. They contain a deep invagination in the basolateral plasma membrane,
which is filled with a cluster of B cells, T cells and macrophages. Luminal antigens are
endocytosed into vesicles that are transported from the luminal membrane to the underlying
pocket membrane. The vesicles then fuse with the membrane of the pocket and deliver the

antigens to the clusters of lymphocytes found within it.

M cells are located in inductive sites — small regions of a mucous membrane that lie over
organised lymphoid follicles. Antigens that are transported across the mucous membrane
by M cells activate B cells within these follicles. The activated B cells differentiate into
plasma cells, which then leave the follicles and secrete IgA. IgA is then transported across
the epithelial cells and is released as secretory IgA into the lumen where it can interact with

antigens.

Mucous membranes provide an effective barrier against the entrance of most pathogens.
Mucosal epithelial cells are cemented to one another by tight junctions that make it difficult

for pathogens to penetrate.™®

The conjunctival system is called the conjunctival associated lymphoid tissue (CALT). The
overlying epithelium is highly specialised. Antigens are taken up at this site. The lymphoid

aggregates consist of small and medium sized lymphocytes. There are no plasma cells
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present. To process foreign antigens they exert their response in conjunction with

lymphocytes of the B and T cell populations.

Langerhans’ cells are found in the epidermal and mucosal epithelial surface. They process
antigen and present it to T cells via epithelial surface. The Langerhans’ cells can present
antigen to activate secretory IgA and also to produce a T-cell mediated response. These
antigenic signals bring about a response in T cells and B cells in the lymph nodes. They
then migrate to the mucosal site via the bloodstream. The B cells migrate to the sites beside
the lacrimal and accessory gland epithelia where they differentiate into plasma cells capable
of producing immunoglobulins. The main antibody to be produced is secretory IgA
although IgG, IgM and IgE can also be produced. T cells migrate to the sub-mucosal sites

of the conjunctiva. They produce cytokines.”

Table 1.3 (shown overleaf) gives a summary of components present in the tear fluid that

possess antibacterial properties and are important for ocular protection.
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Component Function
Lysozyme Antibacterial
Inhibition of C3 convertase
Lactoferrin Iron binding
Peroxidase Bactericidal, virucidal, fungicidal

Ceruloplasmin

Chelates copper ions

Acts as superoxide dismutase

Lipocalin Enhances lysozyme activity
Fibronectin Facilitates phagocytosis
Collagenase Collagen degradation
Sialin Binds microorganisms

Plasminogen activator

Chemoattractant for leukocytes

ouj-antitrypsin

Modulation of tissue degrading enzymes

ou-antichymotrypsin

Modulation of tissue degrading enzymes

az-macroglobulin

Protease inhibitor

B-lysin Antibacterial activity

Cytokines Recruitment of immunocompetent cells
Complement Opsonisation, perforins

Antibodies Histamine release

(IgA, slgA, 1gG, IgM, IgE)

Table 1.3 - Tear film components with antibacterial properties'*
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1.4.3 Transfer/Carrier Proteins

Proteins present in the ocular environment carry out essential functions such as the
transportation of metabolites from the vascular areas that are well supplied to the avascular

areas (e.g. the cornea). Lipocalin and albumin are two such examples of these proteins.

1.4.3.1 Albumin

Serum albumin (molecular weight 68 kDa) is a relatively minor component of tears.
Albumin found in tears is derived from the serum. Its role in tears is not well understood
although it is known that its presence is due to the permeability of the blood-tear barrier. In
plasma, albumin acts as a transport protein for free fatty acids. It is postulated that it may
perform the same function in the tear fluid. In a normal, open, eye albumin is found at
concentrations of approximately 1.3 mg/ml. In contrast, the concentration of albumin in the
serum is 50 mg/ml. Epithelial damage or vascular leakage can dramatically increase this
value in tears. Elevated concentrations of albumin in tears can therefore be an indicator of

inflammation.*®
1.4.3.2  Lipocalin

Many terms have been given to this protein over the years including Protein Moving Faster
than Albumin (PMFA), Anodal protein and Tear Specific Prealbumin. In more recent
times, it was determined that this protein is actually a member of the lipocalin family.®

There are a number of lipocalins present in tears.”

Tear lipocalins are the main lipid binding proteins in tears. They have the ability to bind a
variety of lipids including fatty acids, cholesterol, phospholipids and glycolipids.” 1t is
thought that tear lipocalins increase the solubility of lipids in the tear film and may enable a
lipid layer to establish itself on the surface of the tear film. Tear lipocalins have a very high
affinity for the relatively insoluble long chain fatty acids and phospholipids. They are the

only protein component found in tears that can bind to lipid components in any significant
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way. For this reason, they are often thought of as being “lipid scavengers.”’* An important

function they may perform is the removal of lipids from the surface of the cornea."

Tear lipocalins are found in all normal tear samples. They constitute 15 — 33% of total tear
protein and are found at a concentration of approximately 1.7 mg/ml.70 The concentration
of tear lipocalin seems to correlate with the stability of the tear film. In conditions where

there is destruction of the lacrimal glands the concentration of tear lipocalin is lowered.
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1.5  Electrolytes

The electrolytes present in the tear film are responsible for the osmolality of the tears. They
also play an essential role in maintaining epithelial integrity.

™ 1t is found in similar

The predominant cation found in the aqueous phase is sodium.
concentrations to that of serum at 145 mmol/ml. Potassium is another cation found in tears.
However, this is found in much higher concentrations than it is in serum. It has been shown
that the concentration of potassium is 3 — 6 times higher than it is in serum. Magnesium
and calcium are also found at low concentrations in the tear fluid. Calcium has also been

implicated in lens deposits.

Chloride and bicarbonate ions are the main anions found in tears.”” They are found at

concentrations similar to that of serum.

A great deal of variation in the concentration of electrolytes is observed between

individuals and also between the open and closed eye states.
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As has already been discussed, there are many mechanisms of defense that exist to protect

the ocular environment. Some of these mechanisms are summarised below in Table 1.4.

Non specific Specific
Eyelids Immunoglobulins
- Tear
- Cornea
- Comjunctiva
Tears Complement (classical pathway)
- Tears

- Conjunctiva

- Comea

Complement (alternative pathway) Lymphocytes
- Tears

- Cornea

- Conjunctiva

- Aqueous humour

Epithelia of ocular surface Macrophages
- Cornea

- Conjunctiva

Normal flora of the external eye

Macrophages

Natural killer cells

Table 1.4 - Host defense mechanisms of the ocular surface*
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1.6 Summary of the Functions of the Tear Film

e Maintenance of vision — the tears provide a smooth optical surface by filling in
irregularities of the corneal surface®

e Protection of the ocular environment — the presence of antibacterial agents in the tear
fluid help to reduce the risk of infection. Irritants and foreign bodies can also be
washed away. In addition, waste products of corneal metabolism can be removed'® *

e Lubrication — reduces the friction of the eyelids passing over the ocular surface**

e Oxygen delivery to be delivered to the avascular cornea. Oxygen from the ambient air

dissolves in the tear fluid and is transferred to the corneal epithelium®

e Delivers nutrients which are transferred from the tear fluid to the cornea
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1.7 Tear States

A great deal of variation can be observed in the protein composition of the tear film
between individuals. However, variation of an individual’s tear film can be observed in
response to different stimuli. It is important to note the tear state that is actually being
sampled when any analysis is being carried out on tears due to the difference in tear

e . 3 , 77
composition in various states.” "

e Basal tears — this type of tear reflects most accurately the normal levels of tear proteins.
This is the tear flow rate needed to maintain a lacrimal film on the corneal surface for
optical, mechanical and lubricative purposes. Microcapillary pipettes are usually the
preferred method of collection for this type of tear as it enables tears to be collected
with a minimal degree of stimulation. Sampling should be at the normal rate of tear
flow and no excess tearing should occur. Tears collected using this method have been
shown to be rich in lactoferrin, lysozyme and lipocalin.”® 7

e Reflex tears — higher quantities of albumin, IgG and other leakage proteins are
observed.” * Methods such as the Schirmer filter strip test result in this type of tear
being collected. The abrasion of the conjunctival surface is thought to be responsible
for the influx of these proteins as they show an increase in plasma leakage. A reflex
tear is a flow produced in response to a physical stimulus. This type of tear washes out
foreign bodies and irritating secretions from the ocular surface.

e Externally stimulated tears — excess lacrimation is observed following the inhalation of
ammonia or other lachrymatory chemicals. The tears show lower protein levels as they
are effectively diluted as a result of the excess watering.

e Emotional tears — also known as psychogenic tears. These are the tears of sadness,
happiness and other emotional states. This type of tear does not appear to serve the eye
in any way.®' As such, their purpose is not truly understood. This type of tear is
believed to be unique to humans. A higher protein level is observed in this tear type
than in a stimulated tear sample.*> Emotional tears also contain a higher concentration
of manganese as this ion is thought to have an important function in affecting mood.*

e Open and closed eye tears — the term “state of sub-clinical inflammation™® ® is
commonly used when describing a closed eye tear sample. There is a reduced rate of

flow, an increase in plasma leakage proteins (e.g. albumin), a decrease in lacrimal gland
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secretion and the recruitment of massive numbers of polymorphonuclear cells into the

tear fluid in the closed eye state®* *

This may reflect an alteration in the defense
mechanism of the ocular environment during eye closure. Collection of a closed eye
tear sample is almost impossible to achieve. A novel technique that is being developed
may go some way towards achieving a closed eye tear sample with a greater degree of

success than has been possible to date.
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1.8  Contact Lenses and Deposition

The 1950s saw glass lenses being replaced by poly-methyl methacrylate (PMMA). This
material was used for years as the standard ‘hard’ contact lens material. It offered a similar
appearance and ease of fabrication to glass, had an acceptable surface wettability and was
also extremely durable® Despite these advantages, it was later discovered that PMMA
lenses were essentially a barrier to oxygen transport. Thus its properties were far from
ideal. A decade later came hydrophilic lenses made of poly- 2-hydroxyethyl methacrylate
(polyHEMA). They differ considerably from PMMA lenses in that they are able to absorb
a great deal of water (30 — 85% by weight) and become soft and flexible. Their ease of
fitting and the increase in possible wearing time ensured a rapid growth in the market share.
The rise in popularity and consumer demand for a lens that was easier to take care of led to
the development of lenses used for overnight wear. This required a balance of properties to
accommodate the three requirements of the ocular environment; namely the cornea, the
eyelid and the tears.®’ The cornea is avascular and so the need to ensure oxygen transport
to the corneal surface governs the permeability requirements of the hydrogel. The eyelid
dictates the range of acceptable mechanical properties e.g. the upper and lower limits of

elasticity.

There are many different hydrogel contact lens materials currently available, containing 30
— 80% by weight of water based on lightly cross linked (0.5 — 1.0%) combinations of
various monomers including HEMA, vinyl pyrrolidone, methoxyethyl methacrylate, methyl
methacrylate and methacrylic acid. Silicone hydrogel lenses have also recently been
introduced. These contain novel silicone-based monomers and are designed to enhance
oxygen permeability. The level of oxygen permeability is high enough to permit overnight

wear.

Hydrogel lenses have been categorised by the Food and Drug Administration (FDA) in to
four groups. High water content lenses are those with a water content greater than 50%.
Those lenses with a water content less than 50% are classed as being low water content

lenses. Ionic lenses have more reactive surfaces than non-ionic lenses.
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FDA group Lens properties
I Low water content, non-ionic
11 High water content, non-ionic
111 Low water content, ionic
IV High water content, ionic

Table 1.5 - FDA Classification of Contact Lenses

The introduction of high water content extended wear lenses in the 1970s introduced other
problems that were not previously encountered. Hydrogel lenses have been associated with
adverse reactions and immunological host responses previously insignificant with PMMA

%% Deposition is a major factor implicated in these detrimental responses. These

lenses.
deposits arise from both individual tear chemistry and environmental exposure. Tear
components include proteins and lipids. Environmental deposits may arise from the use of

cosmetics, airborne pollution and lens ha.ndiing.90

During contact lens wear, the tear film acts to maintain an optically uniform interface
between the air and the anterior lens surface, to remove debris from the front and from
beneath the lens and to ensure the eyelids move smoothly over the front surface of the lens.
The introduction of a lens into the eye disrupts this otherwise “ordered” film.
Biocompatibility has been, and remains, a major problem associated with the wearing of
contact lenses. The interaction of the tear film with a contact lens is comparable to the
interactions that occur in other body sites in response to an implanted biomaterial.”" *
Unfortunately, the interfacial interactions between tissues or fluids and the biomaterial are
poorly controlled and not very well understood.”” Proteins and lipids from the tears can
form deposits both on the surface of contact lenses and within the matrix.”* This process
begins within minutes of being inserted into the eye and continues throughout the period of
wear.” It has been estimated that as much as 50% of the surface of the lens is soiled within
thirty minutes. This can drastically reduce the wettability of the lens surface leading to

discomfort and reduction in visual acuity.
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Deposits forming on the surface of contact lenses often hinder successful contact lens wear.
They cause irritation for the wearer and may also reduce the wearing time.”® There are
various types of deposits e.g. proteins, lipids, mucins and microorganisms.”’ Muco-protein
lipid deposits (white spots) are one of the most complex manifestations occurring as a result
of interactions between the tear film and contact lenses. These ‘white spots’ are

approximately 1mm in diameter and found on the anterior lens surface.

The type of material, the quality/composition and pH of tears, inadequate blinking, lens
wear modality and lens hygiene are all factors that affect the formation of lens deposits.”®
These deposits could lead to a variety of symptoms ranging from mild discomfort, itching,
blurred vision and giant papillary conjunctivitis, red eye, increased irritation and

. . -1
conjunctivitis.” '

Surfactant and enzymatic cleaners are able to remove most of the protein accumulating onto
the surface of the lenses. They are not, however, able to prevent this build-up in the lens.
The patient also has to be relied upon to be compliant with the cleaning schedule in order to
maintain hygienic lenses. A lack of compliance has been shown to be a major implicating

factor in the development of many adverse symptoms experienced by lens wearers.

This problem of deposition and the associated clinical effects led to the introduction of
disposable contact lenses in the mid 1990s. They were thought to offer many advantages to
lens wearers when compared to conventional soft lenses including better visual
performance, lower incidence of deposition, and the removal of the necessity for a cleaning

105

schedule.™ This in turn meant that there was less patient handling of the lens and,

theoretically, less opportunity for microbial contamination.

Studies carried out on patients in the daily disposable wearing regime have shown that the
introduction of lenses worn in such a modality has significantly reduced the symptoms

described above e.g. infectious and allergic conjunctivitis.'*® "'’

Contact lenses remain a popular method of vision correction and are worn by approximately
85 million people globally.''” New materials are being continually developed in the hope of
improving vision and comfort during lens wear.” However, the host-material interactions

which follow the implantation of any device or prosthetic is a complex, and poorly
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understood, series of events. A clearer understanding of the nature, complexity and
significance of these events should lead to the development of improved materials for use

111,112

within the body.
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1.9  Complications of Contact Lens Wear

The composition of the tear film must be qualitatively and quantitatively maintained within
fairly narrow limits in order to maintain a functional visual system. Abnormalities of the
tear film can very quickly lead to serious dysfunction of both the eyelids and conjunctiva.

This can eventually lead to a loss of corneal transparency.

1.9.1 Dry Eye

“Dry eye” is one such disorder of the tear film that has been of particular interest in the
field of contact lens research. The term “dry eye” encompasses a wide range of diseases
that cause desiccation of the ocular surface. It covers a multitude of disorders ranging from
a marginal dry eye to Sjogrens syndrome. It has been suggested that the distribution and/or
character of ocular surface mucins may alter in dry eye sufferers. A dry eye is said to exist
when the quality and/or quantity of the precorneal tear film is not sufficient to maintain the
ocular health of the ocular epithelial surface. Sufferers of dry eye often show poorer tear

film stability and greater damage to the ocular surface compared to normal eyes.

There is a very high prevalence of dry eye symptoms in contact lens wearers. The creation
of an adequate tear film at the surface of the contact lens and the surrounding areas is

impaired upon insertion of a contact lens.

The formation of the mucous layer relies on it being spread during the blink action. Its
coverage will be limited, irregular and less stable during contact lens wear. A limited

supply of mucin will lead to areas of instability and hence a rapid break-up of the tear film.

If there is an adequate supply of tears, the aqueous phase will form a regular film a few
microns thick above the mucous layer. If there is a reduced tear supply, the mucous layer
will only be covered with a thin and unstable aqueous layer, which will dissipate quickly by
evaporation. This, in turn, will lead to a reduced break up time and an increased rate of

deposition.

An even and regular lipid layer should form at the surface of the aqueous phase to reduce

evaporation and to provide the tear film with greater stability — provided there is an
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adequate supply from the meibomian glands. If the lipid coverage is inadequate, this will

lead to increased evaporation.''?

The loss of water from the tear film increases tear osmolarity and causes dry eye. This
could be due to conditions that decrease tear production or by those that increase tear
evaporation. Tear secretion can be decreased by autoimmune diseases that cause damage to
the lacrimal gland or by conditions that decrease corneal sensation such as the long term

wear of hard contact lenses.

Patients with dry eye from either the reduced production of tears or from increased
evaporation will often complain of a gritty sensation in their eyes. At night, eye closure
forms a watertight seal over the tear film, which allows the ocular surface to recover.
Evaporation will begin again upon opening of the eye. Tear film osmolarity will increase

throughout the course of the day hence symptoms get worse as the day progresses.

1.9.2 Giant Papillary Conjunctivitis

Giant papillary conjunctivitis (GPC) is fairly common amongst contact lens wearers. Soft
lenses are most often implicated in this condition although any contact lens material can
cause it. Patients with asthma, hay fever or other allergies are often at increased risk. It is
thought that GPC has an immunological origin and that lens deposits, especially proteins,

may be a triggering factor in bringing this condition about.

This condition may arise months or even years after beginning lens wear. The patient will
often complain of the eyes itching when the lenses have been removed, an increased
production of mucous in the morning, increased photophobia and a reduced level of

tolerance to lens wear.

Improving lens hygiene and reducing the length of time the patient wears their lenses are

usually sufficient to treat this condition. 113,114,115
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1.9.3 Allergic Conjunctivitis

Thiomersal is a preservative formerly used in contact lens care solutions. It tends to be
used far less often nowadays as 10% of all lens wearers experienced allergic responses to it.

They were therefore unable to use solutions containing this preservative.

Patients would present with redness, burning and itching soon after inserting lenses. These

symptoms may not develop until months after the initial exposure had taken place.

Avoiding solutions containing Thiomersal and using a 3% hydrogen peroxide system would

normally be sufficient to treat this condition.'"*

1.9.4 Contact Lens Acute Red Eye

Contact lens acute red eye (CLARE) is a corneal infiltrative event that often has a rapid
onset. It has been observed during extended wear of hydrogel contact lenses. Lenses are
often found to have elevated levels of Gram negative bacteria during incidences of CLARE.
It would seem that CLARE is an acute inflammatory response to toxins including

lipopolysacharide, enzymes and other bacterial products.

Symptoms of CLARE include:

e No symptoms before eye closure
e [rritation to moderate pain

e Redness

e Burning sensation

e Photophobia

It is necessary to discontinue lens wear if this condition arises. Anti-inflammatory

medication or antibiotics are usually not required.''* 1'% 11
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1.9.5 Microbial Keratitis

This is the most serious, but fortunately a very rare, complication associated with contact

lens wear. It may result in permanent visual damage to the cornea.

Contact lenses are known to be an implicating factor in the development of this disease in
otherwise previously normal eyes as they affect the corneal epithelium. Lenses worn on an
extended wear basis are thought to increase the risk although it can also occur with lenses
worn on a daily wear modality. The adhesion of Pseudomonas aeruginosa to soft contact

lenses is an important initial stage in the pathogenesis of microbial keratitis.''” "'

Microbial keratitits (MK) is a sight threatening condition and requires urgent identification

and eradication of the causative organism.

Symptoms of MK include:

e Moderate to severe pain that may have a rapid onset
e Severe redness

e Blurred vision

e Photophobia

e Puffiness of eye lids

The patient will require a course of antibiotics and will be taken out of lens wear until the
condition abates. Improved attention to lens hygiene is important to reduce the build up of
deposits on the surface of the lens. Extended wear lenses should not be worn for longer than

is prescribed as this has been implicated as being a major risk factor for damaging ocular

health 113,114,119, 120
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1.10  Aims and Scope of Research

Dry eye is a problem experienced by many contact lens wearers. It can often lead to an
inability to wear lenses due to the discomfort that is experienced. Research is constantly
being undertaken to formulate new materials that will improve the biocompatibility of

lenses to minimise adverse effects.

It has long been thought that proteins may play a key role in dry eye due to their central role
in immunological responses.  This thesis is concerned with obtaining a clearer
understanding of the tear protein profile using various analytical techniques, including
sodium dodecyl sulphate — polyacrylamide gel electrophoresis (SDS-PAGE) and Western
Blotting. The sensitivity of Western Blotting has made it an invaluable tool in the detection
of very low concentrations of specific proteins in the tear film. IgE is of particular
importance due to its known role in hypersensitivity reactions. Following modification and
optimisation of these techniques, they will be applied to studies which aim to determine

whether contact lens wear causes the tear film to deviate from a normal base line.

The central feature of this work is the application of these techniques to the study of the

transition from the non-lens wearing eye to the lens-wearing eye.

A clinical study will be undertaken which will follow a group of subjects from the neophyte
stage to the time at which they are adapted lens wearers. Neophytes will be taken and
studied for the first twelve months of lens wear. The commercial availability of silicone
hydrogels that can be worn both on a continuous wear basis (e.g. overnight) and a daily
wear basis means that the wear modalities can be studied in parallel. There are currently

two materials available with significant differences in their surface and stiffness.

The study is designed around four equal groups of lens wearers. They will be wearing:
e Focus® Night and Day™ — daily wear basis

e Focus® Night and Day™ — continuous wear basis

e PureVision™ — daily wear basis

e PureVision™ — continuous wear basis
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e Control group — they will be non-lens wearers and will be used to enable the effects of
lens wear to be compared against a group of normal, healthy, eyes over the same time

period.

During this time, clinical measurements will be made to assess the ocular health of the
participants. Tear samples will also be obtained at specified intervals allowing for changes
taking place to the tear film from a biochemical and immunological point of view to be
monitored. The overall aim is to identify proteins that can be used as biochemical markers
and, as such, used to predict detrimental changes taking place to the tear film. This will

enable those people likely to become intolerant lens wearers to be identified.

Participants will also complete a questionnaire that has been specifically designed for this
study. This will enable their subjective response regarding comfort to be compared with the
clinical and laboratory data that will be generated. This study will allow for a variety of
parameters to be investigated including: lens material, wear modality, and patient

variability.



Chapter 2

Materials and Methods
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2.1 Introduction

This chapter outlines the techniques utilised in the collection and analysis of tear samples

and contact lens extracts. Further details are provided in the relevant results chapters.

2.2 Tear Collection

There are a number of methods available for the collection of tears. It is widely reported in
the literature that the collection technique employed can greatly affect the values of the

proteins within the tear sample depending on the degree of conjunctival stimulation.

Amongst the many techniques available for the collection are the Schirmer test, the filter

paper method, sponge collection and microcapillaries.

2.2.1 The Schirmer Test

The Schirmer test utilises a strip of filter paper being inserted into the lower conjunctival
sac. The strip is then allowed to simply absorb the tears. This is a simple and inexpensive
test but usually results in reflex tears being collected as excess watering occurs. This
dilutes the normal tear protein levels and causes plasma leakage. Plasma derived proteins,

including albumin, would be present in elevated concentrations using this technique.

2.2.2 Filter Paper

The filter paper method is similar to the Schirmer test in that the filter paper is placed in
direct contact with the eye. The Schirmer test has the added advantage however that it can

also calculate the tear flow rate — which cannot be done with this method.

2.2.3 Sponge Collection

The sponge collection method uses a sponge 1.5cm in length. It collects tears from the
inferior marginal strip to the medial canthus. The sponge opens out as the tears are
adsorbed. Large volumes of tears are required. This technique is often used when lipid

analysis is to be carried out on the tear sample.
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2.2.4 Microcapillary

Throughout this study, tears were collected using narrow bore glass microcapillary pipettes
(The Binding Site, Birmingham). Previous work undertaken within the group had found
this to be most suitable method. Tears collected this way were more representative of the
normal tear fluid. The tear fluid was found to be rich in proteins derived from the lacrimal
gland with minimal plasma leakage. This is also a less traumatic technique to the subject

compared to the techniques described earlier.

The tip of the capillary is placed in the lateral canthus and/or the inferior marginal strip.
Tears are then drawn into the capillary. A plunger is inserted into the top of the capillary to

transfer the tear fluid into an eppendorf.

2.3 Extraction of Proteins from Contact Lenses

When a contact lens is inserted into the eye, it accumulates proteins, lipids and other
components of the tear film on the surface. Some of these species can also penetrate the
matrix of the lens. This can occur within a minute of the lens being placed into the eye.
Such deposits have been implicated in allergic and inflammatory reactions, mechanical
irritation and microbial contamination. Protein deposition was the area of central
importance in this study as proteins are known to be involved in immunological reactions as

part of the host defense mechanism.

2.3.1 Preparation of Contact Lens Extracts

Solutions (for all recipes see Appendix 1)

Extraction solution (1)

The concentration of total protein deposited on the lens was initially determined by ultra-
violet (UV) spectrophotometric analysis (Section 2.5). The lens was then placed into 200l
of an extraction solution (1) containing 40% urea, 1% SDS, 1 mM DTT and 100mM Tris

solution (pH 8.0). The lens was then heated to 90°C on a heated stirrer for 3 hours ina 1 ml
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eppendorf. The solution was then allowed to cool before being transferred to a fresh

eppendorf and stored at 4°C until required.

2.3.2 Collection of the Tear Envelope

The extraction technique described above uses very harsh reagents at a high temperature for
a long period of time. As a result, many protein species will be denatured. Following SDS-
PAGE, it was observed that it was not possible to identify individual components that had

been removed from the lens.

A novel technique was developed which allowed the tear envelope attached to the lens to be
removed. It arose as a result of discussion within the Biomaterials Research Unit;

preliminary attempts to use it have been described by Olsen.'?"'*?

Solutions (for all recipes see Appendix 1)

Sample treatment buffer (2)

The freshly removed lens was placed into a 0.5 ml eppendorf containing 40ul of sample
treatment buffer (2). Tweezers were used to place the lens into the eppendorf, as a
minimum of handling was required. It was imperative to ensure that the lens was
completely immersed in the treatment buffer. A vortex mixer was then used to ensure that
the lens surface was thoroughly washed by the solution. An incision was made in the
bottom of the eppendorf, which was then placed inside a larger, 1.5ml, eppendorf. This was

then centrifuged at 5000 rpm for 10 minutes.'?!

The resulting eluate contained the tear
envelope and was ready for analysis. A diagrammatic representation of this technique is

shown below. (See Figure 2.1).
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<4— 1.5 ml eppendorf

<4— 0.5 ml eppendorf

Worn contact lens ——

——  40ul treatment buffer
Figure 2.1 Collecting the tear envelope

2.4 Sample Treatment

The sample to be analysed (tear sample or contact lens extract) was transferred to a 0.5ml
eppendorf. An equal volume of treatment buffer (2) was then added. The resulting solution
was then boiled for ten minutes prior to being analysed by SDS-PAGE. Tear proteins are
very sensitive to changes in sample buffer temperature and incubation time with buffer. It
is reported that they are more susceptible to change than are serum proteins. To obtain

comparable results, the above protocol needs to be carefully adhered to.'* '**

2.5 Ultra Violet Spectrophotometry (UV)

A Hitachi U2000 spectrophotometer was used to study the amount of protein deposited onto
the surface of a worn contact lens. This technique takes advantage of the fact that most
proteins display an absorbance peak at 280 nm due to intrinsic aromatic amino acids, which

can be measured and translated into protein concentration.

The lens to be analysed was inserted carefully into the bottom of the quartz cuvette in

solution. It was placed in an upright position facing the light beam against the wall of the
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cell. The cuvette containing the lens was then put into the absorbance cell sitting on an
8mm high rubber mount. This was to ensure the light beam hit the lens centrally. The lens
was measured whilst in distilled water. The instrument was auto-zeroed prior to each lens
being analysed with only distilled water in the cuvette and the reference cell. The
absorbance measurement and calculated concentration was obtained for each lens upon

pressing the “Start” button.

The absorbance of each lens plus deposition could be read directly from the instrument. To
calculate the relative concentration, a linear calibration was performed. A calibration graph
was set up of absorbance versus concentration using a set of standards of known
concentration of the analyte under investigation. The absorbance of the unknown analyte
was then measured and the concentration could then be calculated from the calibration

graph.

2.6 Sodium dodecyl sulphate- polyacrylamide gel electrophoresis (SDS-PAGE)

Proteins are built up from amino acids. The primary structure is the chain of amino acids.
The secondary structure is the way that the chains are helically coiled. The way that the
helically coiled chains are folded is the tertiary structure of the protein.

Electrophoresis is a powerful technique that is relatively easy and inexpensive. It can be
described as the transport of particles through a solvent by an electrical field. It enables
protein mixtures to be resolved into individual components. The electrophoretic mobility of
a protein is determined by its size, shape and net charge. SDS-PAGE works on the basis of
denaturing the proteins and coating them with a uniform charge in order to minimise the
effects of shape and charge. This then allows the proteins to be separated by size through a

molecular sieve. (See Figure 2.2)
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Figure 2.2 — Diagrammatic representation of electrophoresis’
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The samples are boiled in a sample buffer as described earlier (2). The buffer contains -
mercaptoethanol (which reduces the disulphide linkages) and SDS. This anionic detergent
denatures the polypeptides and covers them with a uniform negative charge. The treatment
buffer also contains glycerol (to make the sample denser), tris (acts as a buffer) and
bromophenol blue (a dye which allows the progress of the separation to be monitored). The
result is a mixture of linear polypeptides with a negative charge that is proportional to their
length (which is roughly proportional to their molecular weight). The mixture is then
electrophoresed through a matrix of polyacrylamide, which acts as a molecular sieve. The
smaller polypeptides move through the Polyacrylamide gel more rapidly than do the larger
polypeptides.

Polyacrylamide gels are formed from the polymerisation of 2 compounds: acrylamide and
N, Nl-methylene-bis-acrylamide (Bis). Bis is a cross linking agent for the gels. The
polymerisation is initiated by the addition of ammonium persulphate and N,N,N1,NI1,-
tetramethylethylenediamine (TEMED).

The separation of molecules within a gel is determined by the relative size of the pores
formed within the gel. The pore size is determined by 2 factors: the total amount of
acrylamide present (%T) and the amount of cross linker (%C). As the total amount of

acrylamide increases, the pore size decreases. 5%C gives the smallest pore size

2.6.1 Pouring the Acrylamide Gels

2.6.1.1 Solutions (for all recipes see Appendix 1)
Acrylamide stock (3)

1.5M Tris HCI (4)

10% SDS (5)

7.5%T gel solution (6)

20%T gel solution (7)

10% APS (8)

TEMED (9)

Water-saturated n-butanol (10)
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2.6.1.2 Hardware

SE 245 casting cradle (Hoefer)
Notched alumina plates (Hoefer)
10 x 8 cm glass plates (Hoefer)
1.5 mm spacers (Hoefer)

Combs (Hoefer)

Cams (Hoefer)

2.6.1.3 Method
10ml of the resolving gel solution was prepared using a method supplied by Hoefer. It was

possible to produce gels with varying properties but previous work carried out within the

group had found a gradient gel of 7.5-20% gave optimal separation. (See Table 2.1)

Solution 7.5%T 10%T 12.5%T 15%T 20%T
Acrylamide 2.5ml 3.3ml 4.2ml 5.0ml 6.6ml
stock
1.5M Tris 2.5ml 2.5ml 2.5ml 2.5ml 2.5ml
HCI
10% SDS 0.1ml 0.1ml 0.1ml 0.1ml 0.1ml
Distilled 4.9ml 4. 1ml 3.2ml 2.4ml 0.8ml
water
10% APS 50ul 50ul 50ul 50ul 50ul
TEMED 5ul Sul Sul Sul Sul
Final 10.0ml 10.0ml 10.0ml 10.0ml 10.0ml
volume

Table 2.1 Composition of resolving gel solutions
Two gel sandwiches were constructed. Each consisted of a notched alumina plate, two
1.5mm spacers, and one 10 x 8cm rectangular plate. The gel sandwiches were inserted into

the casting clamps of a Hoefer Mighty Small SE 245 Dual Gel Caster with the alumina
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plates facing the back. The screws of the clamps were then tightened to secure the
sandwiches. Each clamp was then placed in to the casting cradle, with the screw facing

outwards. Cams were inserted into each side of the casting cradle and rotated 180°.

The gel solution was then pipetted into the sandwich to just below the level of theglass
plate. The gradient was produced by pouring 5ml of the highest percentage solution into
the sandwich first (7). This solution also had 1.5g sucrose added to increase its density.
5ml of the lower percentage solution (6) was then poured on top of this. This solution had a

higher concentration of APS, which allowed the gel to set from the top to the bottom.

A comb was then inserted into each gel sandwich. This enabled wells to be formed in the
gel into which the samples would be loaded. The gels were then allowed to fully
polymerise before the combs were removed. Following polymerisation, the combs were
removed and the surfaces of the gels were rinsed with distilled water. Water-saturated n-
butanol (10) was then overlaid to prevent oxidation of the gels. They were then covered

with parafilm and stored at 4°C until required.

2.6.2 Loading and Running the Gels

2.6.2.1  Solutions (for all recipes see Appendix 1)
Running buffer (11)

2.6.2.2 Hardware
SE 250 electrophoresis unit (Hoefer)

Power pack

2.6.2.3 Method

A Hoefer SE250 electrophoresis unit was used throughout. The gel sandwiches were
removed from the casting cradle and clamped into position in the unit. The upper and lower
buffer chambers were then filled with running buffer (11). 5ul of the samples under
investigation were loaded into the wells using a pipette. A molecular weight marker was

always added alongside the samples so as to make it easier to determine the molecular
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weights of the components separated. The gels were then allowed to run at 40mA (20mA

per gel) constant current until the tracking dye had reached the bottom of the gel.

The running buffer was then poured off and the sandwiches unclamped. A Hoefer

Wonderwedge was used to separate the plates.

2.6.3 Visualisation of Bands

2.6.3.1  Solutions (for all recipes see Appendix 1)
Preconditioning medium (12)

Working stain solution (13)

Destain solution (14)

Fixative solution (15)

Developing solution (16)

2.6.3.2 Hardware
Janke and kunkel 501 D flat bed shaker

Glass containers

2.6.3.3 Method

Following the separation of the sample under investigation into its individual components,
the bands needed to be visualised. The most widely used method of visualising bands is
Coomassie Brilliant Blue (CBB) due to its ease of use and its ability to detect low
concentrations of proteins. CBB (13) is a dye, which forms non-covalent bonds with
proteins. The gels were immersed in CBB for approximately 2 hours. At this point, they
were transferred to a destain solution (14). The destain solution was changed about every

30 minutes until the bands were seen clearly with little background staining.
An alternative method of staining was to use a silver staining technique. This has the added

benefit of being more sensitive than CBB. It does, however, require more steps in the

process and can often leave a high background, which affects visualisation.
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The gels were placed in a glass container that had been thoroughly cleaned to remove
laboratory detergent. It was placed on a Janke and Kunkel 501 D flat bed shaker. 400ml of
fixative solution was then added and left for 20 minutes with gentle agitation before being
discarded and replaced with 400ml distilled water to rinse the gels. The gels were washed

for 2 x 10 minute periods.

The gels were then transferred to 100ml developing solution. They were developed for
about 20 minutes at which point the bands could be visualised without excess background
staining. The development reaction was stopped by adding 400ml of a 5% acetic acid

solution. The gels were then rinsed in distilled water.

2.7 Western Blotting

Antibodies are able to bind to their corresponding antigen with high specificity and affinity.
Immunoglobulins are antigen-binding proteins found on the membrane of B cells. They are
secreted by plasma cells and circulate in the blood. In order to create the specificity an
antibody has for an antigen, B cells are able to rearrange and modify their chromosomal

DNA and hence create a vast range of antibody molecules.

Many techniques employed in laboratories make use of antigen-antibody interactions.
Western Blotting is one such example. This technique enables a specific protein in a

complex mixture to be identified.

SDS-PAGE separates proteins electrophoretically but results in a complex pattern of protein
bands. After this initial separation, it is possible to transfer the proteins to a membrane
under the influence of an electrical current. Nitrocellulose is the membrane most
commonly used during Western Blotting. It was discovered however that polyvinylidene
difluoride (PVDF) was less prone to tearing so this was the membrane of choice utilised
throughout this study.
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Figure 2.3 — Diagrammatic representation of Western Blotting

2.7.1 Solutions (for all recipes see Appendix 1)
Anode solution 1 (17)
Anode solution 2 (18)
Cathode solution (19)

2.7.2 Hardware

Kem-En-Tec horizontal semi-dry blotter
Whatman filter papers (125mm)

PVDF membrane

2.7.3 Method

A Kem-En-Tec horizontal semi-dry blotter (Anachem) was utilised. Semidry blotting is
becoming increasingly popular as it is fast and uses less buffer than traditional Western
Blotting methods. A discontinuous buffer system was used. This uses buffers of different

composition and pH to create a discontinuous voltage and pH gradient.

In order to transfer the proteins from the gel to the membrane a series of filter papers

(Whatman) were soaked in various buffer solutions. Twelve were soaked in anode solution
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1 (17) and then placed on to the lower electrode. It was imperative to ensure that no air
bubbles were introduced at any stage, as this would have disrupted the transfer to the
membrane. A further three filter papers were then soaked in anode solution 2 (18) and

placed on top.

A piece of PVDF membrane was cut to the same size as the slab gel. This was then wetted
with methanol and placed on top of the filter papers. The gel was carefully placed on top
of this. It was finally sandwiched by a further fifteen filter papers soaked in cathode
solution (19). The upper part of the apparatus was then fixed in place. The semi-dry blotter
was then allowed to run for 4 hours — the voltage was adjusted automatically according to

the time of run.

Following the completion of the transfer, the membrane and gel were removed. The gel
was stained in CBB to determine the extent of transfer whilst the membrane was immersed
overnight in a blocking solution to block any non-specific adsorption of antibodies to the

membrane.

2.8 Immunostaining of Western Blots

2.8.1 Solutions (for all recipes see Appendix 1)
Tris buffer saline (20)

Blocking solution (21)

BCIP/NBT tablets (22)

Anti-human IgA (o - chain specific) (Sigma [-1261)
Anti-human IgD (8 chain specific)  (Sigma I-1386)
Anti-human IgE (g chain specific)  (Sigma [-0632)
Anti-human IgG (Fab specific) (Sigma 1-9010)
Anti-human IgG (y chain specific)  (Sigma I-1136)
Anti-human IgM (p chain specific) (Sigma I-1636)

Anti-human lactoferrin (Sigma L-3262)
Goat IgG (whole molecule) (Sigma A-4187)
Rabbit IgG (whole molecule) (Sigma A-3687)
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Antibodies specifically directed towards a given protein were used. The membrane was
incubated with the primary antibody (diluted 1:1000 in blocking solution) for an hour.
Excess antibodies were washed from the membrane during 3 x 5 minute washes in Tris
Buffer Saline (TBS). The bound antibody, which remains on the membrane, was detected
using a secondary antibody directed against the first. The secondary antibody is one that
has been previously labelled with alkaline phosphatase. This was also diluted 1:1000 in
blocking solution. Again, the membrane was incubated for an hour and then washed for a

further 3 x 5 minutes in TBS.

The bands were then visualised using two 5-bromo-4-chloro-3-indolyl phospahete
(BCIP/NBT) tablets dissolved in 20ml distilled water. Alkaline phosphatase reacts with
BCIP to give BCI and free phosphate. BCI then reacts with NBT to give an insoluble blue
colour thus allowing the protein to be visualised. The reaction can be stopped by
immersing the membrane in distilled water. The membrane can then be stored indefinitely

if not exposed to light.

2.9 Analysis of One Dimensional Gels

A software package (TotalLab™) was procured from Nonlinear to enable further analysis of
the gels following SDS-PAGE. Although SDS-PAGE is a very useful technique and
enables an estimation of the molecular weights of the protein components separated, it is
also highly subjective. High levels of accuracy are not obtainable when the human eye
alone is being used to identify the unknown species using a molecular weight marker and
standard proteins of known molecular weight. Another drawback is that it is not a

quantitative technique.

Upon completion of the staining stage, the gels were scanned into a PC using a commercial
scanner. This image was then available for analysis using the TotalLab™ software. The
software allowed for comparisons to be made within, and also between, gels. The
background was subtracted to reduce the effects of differences in staining. It automatically
detected the bands and, using a molecular weight calibration, it was also possible to
determine the molecular weight of each separated protein. Another feature of this program,

which made it so valuable, was its ability to normalise quantities against a known quantity.
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This enabled changes in the concentrations of tear proteins occurring over time to be

monitored.

Full experimental protocol for this software package is given in Chapter 3.
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Chapter 3

TotalLab™ software
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3.1 Introduction

TotalLab™ is a software package designed for the analysis of gels following
electrophoresis. An extensive literature search suggests that it has not previously been
applied to the study of tear proteins. This program has revolutionised the way in which data
obtained from tears and lenses can be processed and evaluated. For this reason, a brief
account of the software’s capabilities and application to tear proteins is given here. SDS-
PAGE is a valuable technique that allows complex protein molecules to be separated into
their individual polypeptide components. The use of molecular weight markers and
standard proteins allows the molecular weights of the separated components in unknown
samples to be estimated. However, it is impossible to identify the exact molecular weight.
This is obviously of paramount importance when monitoring changes that are taking place
to the tear film over time. Another drawback to traditional methods of analysis was the
inability to monitor changes in the concentrations of proteins in the tear film. It has been
thought for many years that contact lenses may cause a departure from the normal in the
concentrations of certain proteins. This may ultimately be responsible for the development
of the dry eye symptoms so prevalent in many contact lens wearers. In order to monitor
changes taking place in the concentrations of the protein components of the tear samples, it
was previously only possible to make a qualitative assessment based upon differences in the
degree of staining. The introduction of TotalLab™ has permitted accurate identification of
the molecular weights of the tear samples obtained from the clinical study and also the

relative concentrations of the proteins within the sample.

Following electrophoresis and staining as described in Chapter 2, the gel is scanned into a

computer. This image is then used for subsequent analysis of the experimental data.
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3.2 Lane Creation

This mode is used to identify the position of the lanes of the gel. (See Figure 3.1). The
location of the lanes to be analysed need to be identified before analysis can commence.
This is principally an automated software-driven process but needs manual adjustment to
ensure that all lanes are located thus it is possible to edit the lanes that are marked out by
resizing them or moving the boundaries. This ensures that the effect of any “smiles” or
other distortions can be taken into consideration, which is important for any densitometry

that is to be carried out.

The lanes are then automatically numbered. Lanes can also be added or deleted as
necessary. This ensures that analysis is not carried out on lanes that have not had any

samples loaded into them, or for lanes that the investigator does not wish to analyse.

The lanes can be created automatically by simply pressing the “Create” button. The
program will draw two red lines across the top and bottom of the lanes as well as outlining
the defined lane areas. (See Figure 3.1). Alternatively, lanes can be created manually by
dragging out a rectangle in the image window over the gel. This shows the lanes and their
size. The width of the lanes can be adjusted by moving the cursor over the perimeter of the
rectangle to the desired location at the edge of the lane. This also makes it possible to

adjust the position of the lane to counteract any warping that may have taken place.
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Figure 3.1 — Lane creation
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3.3 Background Subtraction

It can be seen by inspection that the differences in intensities of the lanes and individual
bands vary considerably. Thus a systematic background subtraction is vital for identifying
and quantifying the data points. This stage was carried out to minimise the effects of over
or under staining of the gel. Gel images always have a background intensity due to the
colour of the gel material. This background needs to be removed so the calculated band
volume then represents the volume of the material of interest within the band, rather than

the volume of all material — including the gel material — at that position.

Once in the “Background” mode in the program, the “Remove Background” option was
selected. The various methods for subtracting the background can then be selected. There
are three automatic and one manual method for subtracting the background. Manual
removal of the background was never used in this work. If using the automatic subtraction,
the required option is simply selected. Within the automatic subtraction option are:

“Rubber band,” “Minimum profile,” and “Rolling ball.” They are all described below.

3.3.1 “Rubber Band” Option

This option does not work effectively if the intensity at the ends of the profile are lower
than that of the rest of the profile. If the bands are not well separated, this method is not the

most reliable one to use. For this reason, this feature was not used in this study.

3.3.2 “Minimum Profile” Option

This method takes the lowest value on the profile of each lane as the background for that
lane. This method is not recommended when the beginning or end of the lane is the lowest
point as this depends on the lane boundaries. This makes it hard for repetitions of the same

gel. This made it an unsuitable option for use with this work.

3.3.3 “Rolling Ball” Option

After preliminary experimentation and discussion with the software suppliers the “Rolling

ball” option was the method chosen for removing the background within this work. A value
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needs to be entered for the “rolling ball”. It calculates the background as if a disc, with the
diameter as entered, were rolling under the lane profile. The larger the radius of the disc,
the less the background rises with the profile. This method was found to consistently give
the best results when the background subtraction trace was analysed. Following
experimentation and advice provided by the software suppliers a value of 200 was used as
the radius. (The maximum possible value that can be used is 10,000). Once the value is
added, the subtract value needs to be pressed at the top of the navigation menu. The value

of 200 was found to be the most suitable and was used throughout the work done.

3.3.4 Manual Background Subtraction

This method, which was not used, relies on the average intensity within a rectangular area
on the image being taken as the background intensity. A rectangle is drawn on the image

window. The background intensity is applied and calculated to all lanes from this

rectangle.
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3.4 Band Detection

The bands within each individual lane are automatically detected. (See Figure 3.2). This
was an extremely valuable function and hugely extended the scope of gel analysis of tears.
It was possible to detect bands that were extremely difficult to identify with the naked eye.
It is also possible to manually edit individual bands. The two main points of this stage are

to detect the peaks and also the edges of the bands.

The peak of a band is the point where the image intensity is at its maximum both laterally
down a lane and widthways. This is used to define the band’s position in the lane. The
extent of the band must also be taken into account so the volume can be measured. These
edges are found where the software locates the troughs in the lane profile at either side of

the band’s peak (both widthways and lengthways).

Automatic band detection finds the peaks in the profile to declare them as bands and the

troughs to declare them as the edges.

Certain parameters need to be set even though this is an automatic method. (3.4.1 — 3.4.4)

3.4.1 “Minimum Slope”

This determines how pronounced the band needs to be from the surrounding area in the lane

in order for it to be identified as being a separate band. The range is 0 —999.

The higher the value, the transition from background lane intensity to a band’s peak
intensity must be sharp. The gradient has to be less severe the lower the value. More bands
are generally detected the lower the value. The value recommended for use is 100. This

was shown to give satisfactory band detection for this purpose.

3.4.2 “Noise Reduction”

This represents the degree to which small local peaks should be ignored on the profile. It
therefore eliminates any noise on the image. This does not have any effect on the profile

itself — only the number of bands that are detected. The higher the value for noise
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reduction, the fewer the peaks that are detected. The range is 0 — 20. A noise reduction

value of 5 has been shown to be adequate.

3.4.3 “Percentage Maximum Peak”

The purpose of the percentage maximum peak is to discard peaks of under a certain size in
relation to the highest peak on the gel. Fewer peaks will be detected as this value increases.
The sizes of the peaks are calculated after any background has been subtracted. The range

is 0 — 100. The value recommended for use was 3, and was found to be applicable here.

3.4.4 “Automatic Detection” and “Manual Editing”

The automatic detection option is the final step of the detection process and is activated
when all the parameters described previously have been set. The software then detects any
bands within the lanes in accordance with the parameters that have been set when the

“Automatic detection” option is selected.

Bands can then be manually added and removed in the image window. This was
accomplished by moving the cursor to the position in the image window where a band
needed to be edited. The cursor changes to a drawing tool indicating that it is possible to
add or delete a band at that position. The band was then edited by clicking the left mouse
button. It was found that it was never necessary to add bands — although bands were

sometimes deleted if they were believed to be an artefact of staining.

A diamond then appears centred on the chosen position (or nearest peak to the position).
Horizontal red lines are seen above and below the diamond. This will indicate the edges

within which volume measurements were made. (See Figure 3.2).
To delete a band, the cursor was moved over the diamond shape of the band that needs to be

deleted. By right clicking on the band it then disappears. The measurements and analysis

windows are then automatically updated.
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It was also possible to zoom in on the image. This makes it much easier when carrying out
band detection as it enables true bands to be distinguished from those that are present as a
result of staining or other anomalies.

Figure 3.2 — Band detection
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3.5 Molecular Size Calibration

After detection, the “processed” bands are quantified. The Molecular Size calibration mode
was used in conjunction with a gel that has molecular weight markers loaded in it. It can

then be used to establish the molecular weight of the bands in the lanes of the gel.

The first step is identification of the molecular weights of all the bands within the standard
lane. When the known values for these bands in the standard lanes are entered, TotalLab™
can then interpolate and extrapolate contour lines of known molecular weights horizontally

along the gel.

Once the horizontal contours have been determined, a curve-fitting algorithm was applied
to determine the relationship of molecular size to position along the lane for all points in all

the lanes. This allows the molecular size of any given band in the lanes to be determined.

There are several sets of standards already programmed into the package. Additional
standards can be added if they do not match the spread of the markers used in the gel. For

the purposes of this study, the standard was edited according to the molecular weights as

supplied by Sigma.

The lane that contains the standards was then selected by clicking on it when asked.
Standard values can be added or deleted from the gel image by selecting or de- selecting

them from the list of values.

Before performing the molecular size calculation the parameters must first be set. The
selected curve was used to work out the values between the bands on the standard lane and
between points of the molecular size contours and the other lanes. If the Rf value is
selected, the molecular weight contours will conform to relative lane position and not the
absolute position. When the standard, curve type and propagation method is selected, the
“compute” icon is pressed. The analysis window is updated and a figure is displayed. (See
Figure 3.3).
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Figure 3.3 — Calculation of molecular weights

93



3.6 Quantity Calibration

The software program allows for the concentrations of the separated bands to be calculated
in one of two ways: quantity “calibration” and “normalisation”. It is possible to either
“normalise” the values or quantity calibrate — not both. Both of these options are described
below. Throughout the course of this work, it was found preferable to “normalise” between
the volumes of separated bands. This was deemed to be the more versatile option and

allowed for more accurate comparisons to be made between gels.

The “quantity calibration” option allows the band volume in terms of image intensity to be
related to what the software describes as real world volumes (i.e. external reference data).
The real world volumes are initially entered for bands with known values. A calibration

curve is then computed from these values.

The other available option is “normalisation”. Normalisation was used to normalise the
volumes in a gel image to a specific value derived from a standard protein present in known
concentration. Albumin was selected for use in this work and was loaded into a reference
lane in each gel. All other volumes are re-calculated relative to that value. This is useful

when comparing the volumes across lanes or gels where the loading may be different.

The bands that have been used for the purpose of normalisation are shown in the image
window as yellow diamonds. Those that are not included are shown as blue diamonds. (See
Figure 3.4).

In the process of normalisation, a band or bands in the gel that are used as the basis of
quantification (in this case an albumin reference) must be individually selected together
with the reference value (i.e. quantity that has been loaded onto the gel). The allowed range
for the normalised volume is 0.0001 — 1,000,000. There are ten units to be chosen from

ranging from milligrams to attomoles.
When the normalising parameters had been set, the “normalise” button at the top of the

menu was selected. The data was then displayed in the measurements table. (See Figure
3.4).
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As previously stated, it was found that normalisation was preferable to quantity calibration
for the purposes of this work. Along with the molecular weight markers, the gel was
always loaded with albumin at 2 mg/ml and lactoferrin at 1.25 mg/ml. Other bands that
were detected on the gel were then normalised against the concentration of albumin.

Figure 3.4 — Calculating protein concentrations

A typical print out that is available upon completion of the analytical stages is shown
overleaf (See Figure 3.5).
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Lane Report

: csfocus1vO.tif, Lane 7

Lane: 7
Gel Path: C:\Documents and Settings\Helena\My Documentsicsfocus1v0.tif
Date: 24/03/2003
Background Type : Rolling Ball 200
Minimum Band Slope : 100
Band Noise Factor : 5
% Maximum Peak : 3
Edge Detection Type : Automatic
Band Positions Edited : Yes
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Figure 3.5 — Typical data sheet obtained upon completion of analysis



Chapter 4

Western Blotting and Immunostaining
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4.1 Background

One-dimensional electrophoresis is a useful technique as it permits the separation of a
complex mixture of proteins into its individual components. The disadvantage of such a
technique is its inability to provide a definite identification of the separated protein species.
An estimation can be made as to the identity of the proteins separated using molecular
weight markers and standard protein samples loaded alongside the unknown sample. A
graph can then be constructed of the mobility of these standards, thus allowing the
molecular weights of the unknown proteins to be estimated by the relative distance they
have travelled in the gel. Although useful to a certain degree, such calculations only allow
the investigator to suggest what the protein is likely to be. Western Blotting is a technique
that enables a definitive identification of a specific protein in a complex mixture whilst

simultaneously determining its molecular weight.

The procedure can be broken down into a series of steps:
e Size separation of the proteins in a mixture by SDS-PAGE
e Transfer of the separated proteins to a membrane whilst retaining their relative
position
e Detecting the protein under investigation by its specific reaction with an antibody

(Immunostaining)

As previously stated, it is possible that a departure from the normal protein profile as seen
in a normal, healthy, eye may be responsible for the dry eye symptoms so often reported
amongst the contact lens wearing population. The main advantage of Western Blotting is
that immunostaining can be performed which allows the investigator to determine whether

a protein of interest is present or absent within any clinical samples.

Western Blotting involves the separated proteins being transferred from the gels in which
they were run to a membrane under the influence of an electric current. There are two
major methods used to transfer proteins to a membrane: semi-dry blotting and tank transfer
blotting. Semi-dry blotting involves two plate electrodes providing a uniform electrical
field over a short distance. Sandwiched between these electrodes is a gel/membrane/filter

paper assembly all soaked in transfer buffer. Tank transfer blotting uses large volumes of
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buffers and is therefore quite wasteful. Semi-dry blotting is now becoming the more
popular method of choice due to the many advantages that it has over the traditional tank
transfer. Firstly, it has the benefits of using smaller volumes of buffer than the traditional
tank buffer system. The transfer buffer is the liquid contained in the gel and filter papers in
the assembly. A semi-dry system would require approximately 200ml buffer compared to
as much as five litres for some commercial tank transfer kits. Additionally, several gels can

be blotted simultaneously and the electrodes are usually carbon blocks

The rationale behind transferring proteins to membranes from gels is to enable more
efficient access with various probes. Polyacrylamide is not very amenable to the diffusion
of large molecules. Antibodies are commonly used to probe for the immobilised proteins.
Probes for the detection of antibody binding can be conjugated anti-immunoglobulins (e.g.
goat-anti rabbit/human). Other possibilities for probing include the use of fluorescent or
radioisotope labels. Proteins can be detected at nanogram concentrations compared to about

0.001mg for Coomassie Blue staining.

It was hoped that this technique could be utilised in the identification of unknown proteins
separated by SDS-PAGE whilst at the same time giving credence to the presence of
proteins within tears that had previously been reported using other techniques available

within the Biomaterials Research Unit

4.2 Method

A full experimental protocol is described in Chapter 2, section 2.7.

4.3 Protein Transfer from Gel to Membrane

The initial stage involved optimisation of all running conditions to ensure maximum
transfer of proteins from the gel to the membrane. These variables included: the length of

time over which the transfer was allowed to take place, the buffer system to be utilised, and

the membrane onto which the proteins were to be transferred.

The apparatus used in this technique was a horizontal semi-dry blotter supplied by

Anachem. It was so called a “semi-dry” blotter as it uses filter papers soaked in various
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anode and cathode buffer solutions. The use of filter papers in this way reduces the volume

of buffer required for protein transfer to take place.

In order for these parameters to be investigated two gels were always prepared and loaded
in an identical manner. Following the completion of electrophoresis, one gel was stained in
the usual way with Coomassie Blue whilst the other was subjected to Western Blotting.
The gel that had been blotted was then stained and de-stained in the usual manner once

blotting was completed to assess the extent of transfer.

In initial experiments, the membrane was also stained with Ponceau S solution (Sigma).
Once blotting was completed, the membrane was briefly immersed in this solution. This
allowed the bands that had been transferred from the gel to the membrane to be visualised.
The membrane could then be rinsed with distilled water to remove the Ponceau S. This
solution did not interfere with any subsequent immunostaining reactions. This step was
later omitted as it was found that it was impossible to remove all the background red stain
from the membrane. The subsequent staining and destaining of the gel once blotting was

complete made it possible to evaluate the efficiency of the transfer.

The time over which the gels were blotted to transfer the proteins from the gel to the
membrane was also investigated and evaluated. Again, gels were prepared in an identical
manner and the transfer allowed to run for varying time periods. It was found that the best
results were obtained following a transfer time of four hours. A shorter time span than this
resulted in an incomplete transfer from the gel. It is of paramount importance that the vast
majority, if not all, of the bands were transferred if this technique was to be used in

monitoring protein changes in the tears of contact lens wearers as part of a clinical study.

Traditionally, a nitrocellulose membrane is used. It was decided to compare the results
obtained using a PVDF (Polyvinylidene difluoride) membrane against those obtained using
a nitrocellulose membrane. It was found that the nitrocellulose membrane showed the
bands with an equally high resolution as the PVDF membrane but it was a great deal more
fragile and, as such, was prone to tear under stress. As a result, PVDF was the membrane

of choice throughout this study.
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It was also possible to use either a continuous or a discontinuous buffer system. The
discontinuous buffer system employed three different buffer solutions: anode solution 1,
anode solution 2 and a cathode solution. (See Appendix for chemical compositions). These
buffers all have a different pH to assist the migration of the protein through the matrix of
the gel to the surface of the membrane. The continuous buffer system used only one buffer
solution. The continuous buffer system was found to be both quicker and easier to use but
resulted in the loss of resolution of the bands following staining. This made it preferable to
use the discontinuous buffer system.

20kDa
14kDa

Figure 4.1 — Gel following electrophoresis

Lane 1 — subject 1 tear sample, Lane 2 — subject 2 tear sample, Lane 3 — subject 3 tear sample, Lane 4 —
molecular weight marker, Lane 5 — albumin (2 mg/ml), Lane 6 — IgG (1 mg/ml), Lane 7 — IgA (1 mg/ml),
Lane 8 — Lactoferrin (1.25 mg/ml)
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Figure 4.2 Gel following blotting with continuous buffer system
Lane 1 — subject 1 tear sample, Lane 2 — subject 2 tear sample, Lane 3 — subject 3 tear sample, Lane 4 —

molecular weight marker, Lane 5 — albumin (2 mg/ml), Lane 6 — IgG (1 mg/ml), Lane 7 — IgA (1 mg/ml),
Lane 8 — Lactoferrin (1.25 mg/ml)

Figure 4.2 clearly shows that there are still many bands in evidence on the gel following
blotting for 4 hours using the continuous buffer system. This indicates that an incomplete
transfer has taken place. The above gels are both identical in composition having being
poured at the same time, loaded with the same samples and then subjected to
electrophoresis simultaneously. One gel was then transferred to Coomassie Blue following
electrophoresis whilst the other was blotted. Following blotting, the second gel was then
stained and de-stained in the same way as the first. This enabled the progress of the transfer
to be monitored.

102



4.4 Immunostaining for Albumin

The initial work of determining the parameters was carried out using albumin. This was the
protein of choice as it is known to be present in tears at fairly high concentrations of
approximately 1.3 mg/ml. An albumin standard was always loaded alongside unknown
clinical samples as it enabled the molecular weights of the unknowns to be determined

Figure 4.3 — Gel following electrophoresis

Lane 1 — subject 1 tear sample, Lane 2 — subject 2 tear sample, Lane 3 — subject 3 tear sample, Lane 4 —
molecular weight marker, Lane 5 — albumin (2 mg/ml), Lane 6 — IgG (1 mg/ml), Lane 7 — IgA (1 mg/ml),
Lane 8 — Lactoferrin (1.25 mg/ml)

il S A TR

Figure 4.4 — PVDF membrane following immunostaining for albumin
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Figure 4.4 shows a PVDF membrane that has undergone immunostaining to detect albumin.
It can be clearly seen that albumin has been detected in the three tear samples (as shown in
lanes 1 — 3). The albumin standard that was loaded in lane S has stained far more intensely
indicating that it is at a higher concentration than the albumin detected in the tears. This
made it possible to observe concentration differences in a qualitative manner although
absolute values could obviously not be determined by observation. A slight degree of
staining is observed in lane 4. This lane contains the molecular weight marker. This is to

be expected, however, as albumin is one of the components of the molecular weight marker.

The transfer membrane was blocked overnight (5% non-fat milk powder) to prevent further
non-specific binding of proteins. It was then possible to commence immunostaining. The
immunostaining procedure was carried out adding antibody that had been raised against
human albumin. (The antibody used throughout had been raised in goats — although it is
possible to obtain antibodies that had been raised in other host animals). The antibody was
added in a 1:1000 dilution e.g. 20ul antibody in 20ml blocking solution. Following
incubation for an hour, the membrane underwent washing for 3 x 5 minutes. The secondary
antibody was then added — at the same dilution as the first. This antibody had an alkaline-
phosphatase (AP) side chain attached. The AP would then subsequently react with
BCIP/NBT to give an insoluble blue precipitate whenever there was a positive reaction.

Full experimental details are given in Chapter 2, section 2.8.
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4.5 Sensitivity of Western Blotting

Western Blotting was widely used throughout this study to demonstrate the presence or
absence of a range of proteins commonly found within tears. An immunoglobulin that is
known to be present in tears, albeit at very low concentrations, is IgM. Reported values for
this protein are approximately 5 pug/ml. It has also been said that only trace amounts of
IgM, if at all, can be detected in the tear fluid of a healthy individual. IgM is the antibody
known to be produced in the host’s primary encounter with an antigen.

Figure 4.5 — PVDF membrane following immunostaining for IgM

Lane 1 — subject 1 tear sample (left eye), Lane 2 - subject 1 tear sample (right eye), Lane 3 — subject 2 tear
sample, Lane 4 — molecular weight marker, Lane 5 — albumin (2 mg/ml), Lane 7 — IgG (1 mg/ml), Lane 8 —
IgA (1 mg/ml)

These results illustrate the ability of this technique to detect proteins that are present in the
tear fluid at very low concentrations. Such sensitivity is obviously important when the

samples are of low volumes and contain low concentrations of proteins.
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4.6 Detecting IgE in Tear Fluid

IgE is well documented for its role in hypersensitivity reactions. It was hoped that Western
Blotting would enable the presence of this protein to be used as an indicator of adverse
reactions of the host to the wearing of contact lenses. Furthermore, it may possibly be an
implicating factor in the development of the dry eye symptoms often experienced by

contact lens wearers.

Tear samples were initially taken from healthy, non-contact lens wearers. It was seen that,
in many instances, IgE was also detected in these samples. IgE is also present in very low
concentrations of 100 — 700 ng/ml'"® in the normal tear fluid.

Figure 4.6 — PVDF membrane following immunostaining for IgE

Lane 1 — subject 1 tear sample, Lane 2 — subject 2 tear sample, Lane 3 — subject 3 tear sample, Lane 4 —
molecular weight marker, Lane 5 — albumin (2 mg/ml), Lane 7 — IgG (1 mg/ml), Lane 8 — IgA (1 mg/ml),
Lane 9 — lactoferrin (1.25 mg/ml)

It is clearly seen from the PVDF membrane that there are distinct positive reactions in the
lanes containing the tear samples (Figure 4.6, lanes 1 — 3). There also appears to have been
a reaction in the lane that contained albumin (lane 5). This “cross-reactivity” occurred in a

few cases. Reasons for this and the implications will be discussed in a following section.
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4.7 Assessment of Western Blotting and Immunostaining

The role and importance of proteins in the tear film cannot be overstated. As already
mentioned, it is thought that disturbances in the normal concentrations of tear proteins may
be integral to the development of dry eye symptoms and other forms of discomfort

experienced by contact lens wearers.

Immunoglobulins in tears are of particular importance due to their role in immune
responses. An elevation in the level of a plasma-derived immunoglobulin, such as IgG,
would indicate an increase in the permeability of the blood-tear barrier. This is known to

happen during inflammatory responses.

The sensitivity of this technique has been demonstrated clearly by its ability to detect
immunoglobulins known to be present at only very low concentrations in the tear fluid.
IgD and IgE are two such examples. IgE is known to be involved in allergic responses and
other hypersensitivity reactions. The function of IgD in the tears, or indeed anywhere else,

is still unknown.

One area that gave cause for concern was the “cross-reactions” that were occasionally seen
to occur. Unfortunately, this is unavoidable to a certain extent. Immunoglobulins consist
of four domains. Two of these domains are common to every class of immunoglobulin. It
was seen that such cross reactions often occurred between IgA and IgG when they were
both loaded onto a gel. When immunostaining for IgA was carried out it was seen that IgG
stained with equal intensity. This problem was overcome by using an antibody specific for
the heavy chain of the immunoglobulin in question. It is the heavy chain that gives the
immunoglobulin its name e.g. o, &, €, ¥ and u. Antibodies that have been raised against
these specific subunits should show no cross reactivity between any other
immunoglobulins. The reactions should be completely specific. Unfortunately, not all of
the immunoglobulin subunits have corresponding antibodies that are available
commercially at this time. Nonetheless, the utilisation of Western Blotting has proven to be
an invaluable tool in the analysis of tear samples and complements data obtained from
SDS-PAGE.
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Kininogen has been shown to be a protein of considerable interest within the tear film due
to its role in inflammatory responses. It was unfortunate to discover that this technique was
unable to detect its presence in samples that gave positive results using other
immunological  techniques  available = within the group (e.g.  Counter
Immunoelectrophoresis). A possible reason for this is that it is present at such low

concentrations it is below the threshold for detection by this technique.

Another drawback that was observed was the inability of proteins to migrate from a
polyacyrlamide gel to a PVDF membrane after the gel had been stained with Coomassie
Blue. This became particularly important when the samples being analysed were obtained

as part of the clinical study.

The volumes of tears that were collected for analysis were often so low that there was only
just the minimum volume required to load a well in the gel. This meant that it was not
possible to run two gels in duplicate. It was obviously important to obtain data initially by
SDS-PAGE in order that changes to the tear profile could be monitored visually over time.
However, this then meant that once the gel had been stained it was then unsuitable for use
in Western Blotting. The addition of the TotalLab™ software made it possible for the
molecular weights and quantities of the separated proteins to be accurately determined.
Another area of interest would have been to monitor changes in immunoglobulins, for
instance IgE, as the subject went from being a neophyte to an accustomed lens wearer.

(Fortunately, this information was obtainable by CIE).

This technique is still highly valuable, especially when used in conjunction with one-
dimensional electrophoresis. It enables a specific protein to be simultaneously detected by
means of its antigenicity and its molecular mass: proteins are first separated by mass during

SDS-PAGE and then specifically detected by immunoassay.
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Chapter S

Comparison and Evaluation of Tear Sampling

Techniques
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5.1 Introduction

It is well documented that concentrations of proteins in the tear fluid are affected by the
methods used to collect the sample and also by the subsequent analytical techniques
employed. This is discussed more fully in Section 2.2. Tears collected by the Schirmer
strip results in a higher concentration of plasma derived proteins, as the insertion of a strip
of filter paper into the eye causes a degree of conjunctival stimulation. This results in a
reflex tear being collected as excess watering occurs. Throughout this study, tear samples
have been collected using microcapillaries.  Previous work carried out within the
Biomaterials Research Unit determined that this method of collection resulted in a “truer”
tear, as the subject feels little to no stimulation. The flow can also be controlled to ensure

that a stimulated tear is not being collected.

Studies on the tear film have the advantage that the fluid is readily accessible and no trauma
is caused to the patient thereby allowing samples to be readily obtained. The main
drawback that faces researchers in this field is the low volumes available for sampling. One
of the main areas of interest is the interaction that occurs between the tear film and contact
lenses upon insertion into the eye. Blood proteins and other proteins found within all body
fluids interact with any surface that they encounter.'”  This interfacial phenomenon is as
common an occurrence with contact lenses as it is with any prosthesis device implanted into
the body. A great deal of research has been carried out over the past three decades since
contact lenses became commercially available on the nature of these interactions. Proteins
from the tear film are adsorbed onto the surface of the lens, and also within the matrix,
within minutes of a lens being inserted into the eye. The adsorption of proteins onto a lens
means that important components of the tear film may be present in much lowered
concentrations, if at all, within the tear fluid. The exact mechanisms involved in such
interactions are not fully understood. A major complaint of contact lens wearers is the
discomfort that they often experience, particularly at the end of the day. Symptoms that are
often cited include a gritty sensation and the eyes becoming very itchy. Materials are being
continually developed to improve the level of comfort and visual acuity that can be attained

whilst wearing contact lenses.

Proteins are thought to be of paramount importance in adverse reactions experienced when

wearing lenses, as they are known to play a role in immunological reactions in other parts
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of the body. A better understanding of the changes that take place in the tear film during
contact lens wear is needed in order to remedy this problem. This would allow materials to

be developed that are more compatible with the tear fluid.

5.2 Collecting the Tear Envelope

As mentioned previously, one of the major problems with studying the tear film is the low
volumes that are available. This is often heightened in contact lens wearers. A sensation of
dryness is a major factor that causes many people to cease wearing lenses. Other factors
that are thought to be significant in contact lens drop-outs are an unacceptable level of
visual acuity, discomfort and inconvenience. Reports have estimated that 10 — 50% of lens

wearers cease lens wear within the first 2 — 3 years of commencing lens wear.

A technique was developed that would allow the lens to be used in a novel way to
instantaneously sample the tear film by collecting the tear envelope that was attached to the
lens at the time of removal. The advantage of this technique over conventional tear
collection using microcapillaries was that even when the lens wearer was experiencing dry
eye symptoms, such as would be expected at the end of the day, the lens would still carry

the intact tear envelope from the eye for analysis.

This technique was seen to have the potential to be a highly valuable tool in contact lens
and tear analysis as it enabled the tear film to be sampled immediately upon removing the
lens, even in cases where no tear sample could be obtained from the subject via
conventional methods. A full experimental protocol for this technique is given in Section
2.3.2
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5.3 Effects of Contact Lenses on the Tear Film Using Two Distinct Techniques

5.3.1 Aims

The aims of this study were to compare the effects the lens material had upon the tear film,
and also to evaluate the degree of deposition that took place onto the lens. A randomised,
controlled, study was undertaken to enable preliminary analysis to be carried out. The
lenses that were investigated held the majority share of the market for daily disposable
lenses. The participants were employees of Aston University. The subjects were
occasional wearers and were asked to wear each of the three different types of daily
disposable lenses. Each particular lens type was worn for three days. At the end of this
three day period they were asked to refrain from wearing lenses for the next two days to

ensure that the eyes and tear film had recovered before the next lens type was tested.

Lens Manufacturer FDA % Water | lonmicity | Composition
Name Classification | Content
Acuvue Vistakon Group IV 58 lonic HEMA, MA
Focus Ciba Vision Group 11 69 Non ionic | HEMA, PVA
Dailies
Soflens Bausch and Group 11 70 Non ionic | HEMA, NVP
one day Lomb

Table 5.1 — Characterisation of the daily disposable lenses worn
HEMA = 2-hydroxyethyl methacrylate, MA = methacrylic acid, NVP = N-vinyl
pyrrolidone, PVA = polyvinyl alcohol
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5.3.2 Methods

5.3.2.1 Tear Analysis Following Collection with Conventional Microcapillaries

Each subject was randomly assigned a particular lens type. Tear samples were then
collected from each patient using a 5ul microcapillary before they commenced lens wear
and then again upon completion of the three day wearing period. The same protocol was
observed for each of the different lens types. The tear fluid was expressed into an

eppendorf and stored at 4°C until required.
5.3.2.2 Collection of the Tear Envelope
Immediately upon removal of the lens it was placed into an eppendorf containing 40ul of

sample treatment buffer. This was stored at 4°C until required. Following centrifugation

(as detailed in Section 2.3.2), the tear envelope could then be analysed.
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5.4 Results

5.4.1 Conventional Tear Analysis Following Collection with Microcapillary

Figure 5.1 — Tear samples collected before and after a three-day wearing period (Patient
1: Soflens, Patient 2: Acuvue)

Lane 1 — patient 1 pre lens wear, Lane 2 — patient 1 post lens wear (Soflens), Lane 3 — molecular weight
marker, Lane 4 — patient 2 pre lens wear, Lane 5 — patient 2 post lens wear (Acuvue), Lane 6 — albumin
(2mg/ml), Lane 7 - IgG (1mg/ml), Lane 8 — IgA (1mg/ml)

Patient 1 Patient 2
Molecular Pre lens Post lens Pre lens Post lens
weight wear (%) wear (%) wear (%) wear (%)
(kDa)
82 48 3.5 6.1 53
68 143 15.4 18.2 21.1
63 48 38 3.0 53
58 4.8 3.8 3.0 53
28 23.8 23.1 273 21.1
21 238 231 18.2 211
14 143 19.2 18.2 15.8
6 95 77 6.1 52

Table 5.2 — Percentage of proteins present in tear samples before and after a three-day
wearing period (Patient 1: Soflens, Patient 2: Acuvue)
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Figure 5.2— Tear samples collected before and after a three-day wearing period (Patient
1: Acuvue, Patient 2: Focus Dailies)

Lane 1 — patient 1 pre lens wear, Lane 2 — patient 1 post lens wear (Acuvue), Lane 3 — molecular weight
marker, Lane 4 — patient 2 pre lens wear, Lane 5 — patient 2 post lens wear (Focus Dailies), Lane 6 — patient 3
post lens wear (Focus Dailies), Lane 7 — albumin (2 mg/ml), Lane 8 — IgG (1 mg/ml), Lane 9 — IgA (I mg/ml)

Patient 1 Patient 2
Molecular Pre lens Post lens Pre lens Post lens
weight wear (%) wear (%) wear (%) wear (%)
(kDa)
82 17.1 20.0 209 220
68 73 9.1 93 12.2
58 73 72 93 73
32 - - 11.6 171
24 31T 3207 14.0 12.2
21 19.5 16.4 16.3 14.6
14 14.6 127 14.0 9.7
6 24 1.8 47 49

Table 5.3 — Percentage of proteins present in tear samples before and after a period of
lens wear (Patient 1: Acuvue, Patient 2: Focus Dailies)
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Figure 5.3 — Tear samples collected before and after a three-day wearing period (Patient
1: Focus Dailies, Patient 2: Soflens)

Lane 1 - patient 1 pre lens wear, Lane 2 — patient 1 post lens wear (Focus Dailies), Lane 3 — molecular weight
marker, Lane 4 — patient 2 pre lens wear, Lane 5 — patient 2 post lens wear (Acuvue), Lane 6 — albumin (2
mg/ml), Lane 7 - IgG (1 mg/ml), Lane 8 - IgA (1 mg/ml)

Patient 1 Patient 2
Molecular Pre lens Post lens Pre lens Post lens

weight wear (%) | wear (%) | wear (%) | wear (%)
(kDa)

82 203 17.2 20.8 6.3

68 94 10.9 12.5 10.3

58 3.1 94 42 6.3

32 1.6 - 6.3 -

24 234 219 20 14.8

21 234 234 25.0 21.0

14 18.8 17.2 25.0 229

Table 5.4 — Percentage of proteins present in tear samples before and after a period of
lens wear (Patient 1: Focus Dailies, Patient 2: Soflens)

116




Figure 5.4 — Shows the changes in concentration of tear proteins of patient 1 following
three days of lens wear (Acuvue)

Figure 5.5 — Shows the changes in concentrations of tear proteins of patient 1 following
three days of lens wear (Focus Dailies)
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Figure 5.6 — Shows the changes in concentrations of tear proteins of patient 1 following
three days of lens wear (Soflens)

Figure 5.7 — Shows the changes in concentration of tear proteins of patient 2 following
three days of lens wear (Acuvue)
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Figure 5.8 — Shows the changes in concentration of tear proteins of patient 2 following
three days of lens wear (Focus Dailies)
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5.4.2 Tear envelope

Figure 5.9 — Tear envelope removed from Acuvue lenses

Lane 1 — lactoferrin (1 mg/ml), Lane 2 — albumin (2 mg/ml), Lane 3 — molecular weight marker, Lane 4 -
patient 2 tear envelope day 3, Lane 5 —patient 2 tear envelope day 2, Lane 6 — patient 2 tear envelope day 1,
Lane 7 — tear envelope patient 1 day 3, Lane 8 — patient 1 tear envelope day 2, Lane 9 — patient 1 tear

envelope day 1.

Figure 5.10 — Tear envelope removed from Focus Dailies lenses

Lane 1 — lactoferrin (1 mg/ml), Lane 2 — albumin (2 mg/ml), Lane 3 — molecular weight marker, Lane 4 —
patient 2 tear envelope day 3, Lane 5 —patient 2 tear envelope day 2, Lane 6 — patient 2 tear envelope day 1,
Lane 7 — tear envelope patient 1 day 3, Lane 8 — patient 1 tear envelope day 2, Lane 9 — patient 1 tear
envelope day 1.

120



Figure 5.11 — Comparison of the tear envelope as removed from three types of daily

1 lenses
Lane 1 — Acuvue, Lane 2 — Focus Dailies, Lane 3 — Soflens, Lane 4 — molecular weight marker, Lane 5 —
albumin (2 mg/ml), Lane 6 — IgG (1 mg/ml), Lane 7 — IgA (1 mg/ml), Lane 8 — lactoferrin (1.25 mg/ml)
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5.5 Discussion

5.5.1 Conventional Tear Analysis

The initial work carried out revealed that the wearing of contact lenses caused a change to
the tear film after a very short time. The initial aim of this work was to determine if, and
how, contact lenses caused the tear film to deviate from normal. The secondary aim was to
then see if the lens material affected this change to any large extent. The final aim of this
work was to compare the three different lens materials for their ability to maintain an intact

tear envelope.

The first point that is noticed is that the concentration of albumin is seen to increase
following lens wear in all cases. Albumin is a plasma-derived protein. It is likely that the
conjunctiva is being stimulated by the contact lenses thus causing a leakage of albumin, and

possibly other plasma derived proteins, into the tear fluid.

It was not possible to make any judgements on the effects lens material had upon the tear
film based on data that was collected over a relatively short period of time. In order for any
definite conclusions to be reached, it would have been necessary to follow each subject over
a longer time period than three days to allow the eye and tear film to become de-sensitised
to the initial sensation of wearing lenses. The primary aim of this exercise was successful
in that it clearly demonstrated that contact lenses do indeed affect the normal protein
profiles of wearers. It is not clear whether the tear film would eventually revert back closer
towards its normal, pre-lens wearing, state as the eye becomes adapted to lens wear or

whether the tear film remains altered until lens wear is ceased.

5.5.2 Collection and Analysis of the Tear Envelope from Three Types of Daily
Disposable Lenses

The preliminary work that was carried out on the tear envelope found that it was necessary
to submerge the worn lens into 40pl of sample treatment buffer. Volumes lower than this

resulted in the lens not being sufficiently covered. Once the lens was in the eppendorf] it
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was then vortex mixed thoroughly to re-wash the lens before being centrifuged at 5000

r.p.m for ten minutes prior to analysis.

A disadvantage of studying the tears of contact lens wearers is they often appear to have a
reduced tear volume and it is sometimes very difficult to obtain a sample that is of
sufficient volume for it to be analysed by conventional methods. The electrophoresis unit
used throughout this study required a minimum volume of 5ul of the analyte — to which a
further 5Sul of sample treatment buffer was added. It was often not possible to collect such
volumes from individuals. This technique made it possible to analyse tear samples from
these individuals to a certain extent. Previous methods that existed for analysing proteins
that had deposited on lenses required very harsh chemicals, which were likely to denature
proteins. Proteins would not necessarily exist in their native state. Lens extractions also
contained proteins that had deposited into the matrix of the lens. Being able to extract the
tear envelope would allow for a more accurate representation of the tears of contact lens

wearers to be obtained.

It was found that the tear envelopes obtained from the Acuvue lenses were those most
representative of a conventional tear sample obtained by microcapillary. Figure 5.11 (see
above) showed that many proteins had been separated following electrophoresis. The tear
envelope that was collected from the Focus Dailies lenses did not show the presence of as
many protein bands as the Acuvue lenses. Attempts to collect the tear envelope from

Soflens 1-day did not prove to be as successful as with the other two lens types.

Many attempts were made to remedy this problem but a clearer, more comprehensive,
protein profile was never obtained. The non-ionic, high water content of this lens may have
prevented them from sustaining a tear film as thick as that of an Acuvue lens and hence the
tear film broke up more quickly. An estimation of the tear envelope volume that is attached
to a lens at the time of removal would be in the order of 2ul. Along with this is the dilution
of any tears that are removed by the required volume of treatment buffer. All of these are

limiting factors for this technique.

The Soflens 1-day is a much thicker lens than either 1-day Acuvue or Focus Dailies. It

appears that the thinner the lens, the better the tear envelope that can be removed from the
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lens. The average centre thicknesses for the three different types of lenses used in this

study are shown below in Table 5.5.

Lens type Average centre thickness
(mm)
1-day Acuvue 0.084
Focus Dailies 0.10
Soflens 1-day 0.17

Table 5.5 — Average centre thickness of 1-day Acuvue, Focus Dailies and Soflens 1-day
(measured at —3.00D)

Figure 5.11 shows that the tear envelope following SDS-PAGE can be resolved into more
protein components the thinner the lens. This would lead to the conclusion that thinner

lenses are better able to sustain a tear envelope on the surface of the lens.

Although it proved difficult to remove the tear envelope from the Soflens 1-day, which
technique still has the potential for studying areas of tear analysis that have so far not
proved possible. Overnight wear of lenses is known to be associated with an increased risk
of microbial contamination. It may in the future be possible to utilise this technique to
analyse the tear envelope for lactoferrin and lysozyme concentrations, or indeed other
proteins that are known to possess bacteriostatic or bactericidal properties. Another
possibility would be to attempt to analyse a “closed eye” tear sample using this technique.
This has been an area that has received a great deal of attention in the past but it has been
found extremely difficult to sample such tears since the tear film begins to revert back to its
normal open eye state immediately upon eye opening. Removing the tear envelope that is
attached to the lens immediately upon opening the eyes may give a truer representation of a

closed eye tear than has previously been possible.
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5.6 Diurnal Variation
5.6.1 Introduction

Tear protein levels are known to alter during pathological conditions such as ocular
inflammation and infections, with age and also during overnight closure. Observed
deficiencies of certain lacrimal gland derived proteins (such as lysozyme and lactoferrin)
are thought to be useful in the diagnosis of an aqueous deficient dry eye.'® An
understanding of the normal protein profile is therefore imperative if distinctions are to be

made between a healthy ocular environment and a diseased eye.

It is well documented that differences are observed in tear protein levels depending on the
collection technique employed. Research has also been carried out on the changes that take
place to the tear film during a period of prolonged eye closure such as during sleep.
However, surprisingly little attention has been given to the variations that occur in the tear
film naturally throughout the course of the day. To date, diurnal variations in tear pH,
osmotic pressure, lysozyme and IgA have been studied. It was found that the pH of the
tears varies throughout the day, and also day to day. The studies carried out on lysozyme
and lactoferrin were found to produce inconsistent results. Of the few studies that have
been carried out on diurnal variations of the major tear proteins, no definitive conclusion

was reached.'?’

A study was undertaken to investigate whether there were any discernible differences that
could be observed in the tear protein profile throughout the day. It was decided to use both
the conventional capillary collection of tears and also to try and extract the tear envelope

from the lens to monitor changes in the tear film as a function of time.
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5.7 Method

5.7.1 Tear Collection Using Conventional Microcapillary

Tear samples were collected from members of the Biomaterials Research Unit after
obtaining informed consent. In order to minimise the effects environment may have had
upon the subjects, all samples were collected during the working day. A small time period
was given to allow the subjects to accustom to their environment. Samples were then
collected in the morning, again at lunchtime, and finally before going home. To reduce any
added variations in time, samples were collected from the participants at the same time.

This was repeated over a period of three days.

5.7.1.1 Experimental Parameters

The tear samples were collected from the subjects using Spl microcapillaries. The
following criteria was fulfilled to reduce the introduction of any additional variables
o All female
e Aged in their twenties and thirties
e All worked in the same environment to minimise the impacts that environment may
have upon the tear film

e Samples were collected from the subjects at the same time every day

The clinical study that was undertaken (refer to Chapter 6 for further details) involved a
population of lens wearers being compared with and monitored against a control population
of non-lens wearers. The data obtained from these control patients has also been used here
as it enables tear protein profiles from this subset to be analysed over the course of a year to
determine whether there are any significant changes that can be observed taking place to the

tear film with time.
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5.7.2 Collecting the Tear Envelope to Observe the Effects of Diurnal Variation

In order to assess the impact that diurnal variation had upon lens wearers, the participating
subjects were asked to wear one lens in the left eye as a control lens. The lens that was
worn in the right eye was removed every three hours and replaced with a fresh one. The

removed lenses were then stored in sample treatment buffer at 4°C until required.
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5.8 Results

5.8.1 Tear Samples Collected Using Conventional Microcapillary

Day 1 Day 2 Day 3
Patient | Protein 1 2 3 4 S 6 7 8 9
No. (%)

1 Lactoferrin | 31.8 | 28.6 250333 |23.1| 23.1 | 23.1 | 300
Albumin | 38.6 | 15.2 125 | 11.1 ( 7.7 | 23.1 | 154 | 100
Lipocalin | 9.1 | 8.7 2501222 (231 | 154 | 154 | 20.0
Lysozyme | 9.1 | 8.7 250 (222 (23.1 23.1 | 23.1 | 30.0

2 Lactoferrin | 30.0 | 349 | 23.5 | 32.6 | 31.1 154 | 18.2 | 20.0
Albumin | 240 | 279 | 17.6 | 23.9 | 43.7 7.7 | 182 | 10.0
Lipocalin | 12.0 | 11.6 | 14.7 | 13.0 | 9.2 154 | 273 | 20.0

Lysozyme | 100 | 93 | 147|152 | 7.6 385 | 182 | 20.0

3 Lactoferrin | 7.5 | 25.0 (252|262 (248|333 | 286 | 286 | 333
Albumin 10 | 63 {91 [126157 213 | 286 | 28.6 | 40.0
Lipocalin | 53.2 | 339 | 263 | 175|165 |16.7| 143 | 143 | 6.7
Lysozyme | 383 | 348 {343 (3202731194 | 143 | 143 | 6.7

4 Lactoferrin | 47.8 | 450 | 57.1 | 25.0 |39.2 {40.6 | 494 | 643 | 62.6
Albumin | 26.1 | 200 | 143|200 (272|203 | 31.1 | 78 | 145
Lipocalin | 174 | 50 | 7.1 | 11.0| 72 | 86 | 3.7 7.0 5.6
Lysozyme | 87 | 150|143 240 | 64 [ 18.0| 9.1 132 | 112

5 Lactoferrin | 20.0 | 40.0 451 {440 (434 | 28.6 | 429 | 45.0
Albumin 6.7 | 10.0 226 |1240(174| 143 | 214 | 30.0
Lipocalin | 36.7 | 16.7 9.7 | 40 | 87 | 286 | 143 | 10.0
Lysozyme | 33.3 | 30.0 16.1 { 16.0 | 21.7 | 28.6 | 143 | 10.0

Table 5.6 — Results of tear protein concentrations of five individuals over the course of
the day
(Shaded areas indicate where no samples could be obtained).
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The results shown in Table 5.6 were then used to calculate the ratio of lactoferrin to
albumin, lipocalin and lysozyme. The ratio of albumin: lipocalin has been suggested to
alter with contact lens wear''? and so was also calculated to enable comparisons to be

drawn between non-lens wearers and lens wearers. These results are presented below.

Patient Lactoferrin: Lacteoferrin: Lactoferrin: Albumin:
Albumin Lipocalin Lysozyme Lipocalin
1 1: 0.61 1: 0.64 1: 0.75 1: 1.04
2 1:0.58 1:0.43 1: 0.46 1:0.73
3 1: 0.70 1: 0.86 1: 0.95 1:1.22
4 1:0.42 1: 0.38 1:0.28 1: 0.40
5 1: 0.47 1: 0.41 1:0:58 1: 0.88 J

Table 5.7 — Ratios of albumin, lipocalin and lysozyme to lactoferrin of five subjects
averaged over a three-day period.

The average ratios shown in Table 5.7 are interesting but it was deemed necessary to
consider variability for two reasons:
1. To discern a pattern emerging for individuals or the group as a whole relating to
diurnal change.
2. To assess the extent to which individual data points might be judged to be flawed, in

that they represent unreasonably abnormal behaviour.

The data generated from each individual patient was then used to calculate the protein ratios

as observed at each collection point. These results are displayed in Table 5.8.
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Day 1 Day 2 Day 3

Patient Protein 1 2 3 4 5 6 7 8 9
(Ratio to
Lactoferrin)

1 Albumin 1.21 | 0.53 05 | 033|033 | 100|067 | 033
Lipocalin | 0.29 | 0.30 1.00 | 0.67 | 1.00 | 0.67 | 0.67 | 0.67
Lysozyme | 0.29 | 0.30 1.00 | 0.67 | 1.00 | 1.00 | 1.00 [ 1.00

2 Albumin 0.80 [ 0.80 | 0.75 | 0.73 | 1.41 0.50 | 1.00 | 0.50
Lipocalin 040 | 0.33 | 0.63 | 0.40 | 0.30 1.00 | 1.50 | 1.00
Lysozyme | 033 | 0.27 | 0.63 | 0.47 | 0.24 250 | 1.00 | 1.00

3 Albumin 0.13 | 025 [ 036 | 048 | 063 | 064 [ 1.00 | 1.00 | 1.20

Lipocalin 709 | 1.36 | 1.04 | 067 | 0.67 | 0.50 | 0.50 | 0.50 | 0.20
Lysozyme | 5.11 | 1.39 | 1.36 | 1.22 | 1.10 | 0.58 | 0.50 | 0.50 | 0.20

4 Albumin 0551044 1025|080 069 | 050 | 0.63 | 0.12 | 0.23
Lipocalin 036 | 0.11 | 0.12 | 044 | 0.18 | 0.21 | 0.07 | 0.11 | 0.09
Lysozyme | 0.18 | 0.33 | 0.25 | 096 | 0.16 | 0.44 | 0.18 | 0.21 | 0.18

5 Albumin 034 | 0.25 0.50 | 0.55 | 0.40 | 0.50 | 0.50 | 0.67
Lipocalin 1.84 | 0.42 0221009 | 020 | 1.00 | 033 | 0.22
Lysozyme | 1.67 | 0.75 036 | 036 | 0.50 | 1.00 | 0.33 | 0.22

Table 5.8 — Ratios of albumin, lipocalin and lysozyme to lactoferrin from five subjects
over a three day period as observed at each visit

The ratios of albumin, lipocalin and lysozyme to lactoferrin were then calculated for each
subject according to the time of day samples were taken. These results are displayed in
Table 5.9.
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Patient Protein (Ratio AM MID PM
to Lactoferrin)
1 Albumin 1: 093 1: 0.49 1:0.33
Lipocalin 1: 0.62 1:0.54 1: 0.81
Lysozyme 1::0.72 1: 0.64 1: 1.00
Z Albumin 1: 0.71 ¥ 1.07 1: 0.63
Lipocalin 1: 0.52 1: 0.57 1: 0.80
Lysozyme 1: 0.82 1: 0.42 1: 0.80
3 Albumin 1: 0.68 1: 0.65 1:0.77
Lipocalin 1: 1.36 1: 0.83 1:0.54
Lysozyme 1: 1.36 1: 0.97 1: 0.66
-+ Albumin 1: 0.63 1: 0.37 1: 0.31
Lipocalin 1: 0.26 1: 0.13 1:0.13
Lysozyme 1:0.34 1:0.23 1: 0.27
5 Albumin 1: 0.47 1: 0.44 1:0.54
Lipocalin 1: 0.80 1: 0.28 1:0.21
Lysozyme 1: 0.83 1: 0.48 1:0.36

Table 5.9 — The ratios of albumin, lipocalin and lysozyme to lactoferrin of five
individuals throughout the day.
(Averaged over a three-day period).

As part of the clinical study (described in Chapter 6), which was undertaken to assess the
impacts that contact lenses had upon the tear film, a population of control individuals were
recruited. They were all non-lens wearers and were free from ocular disorders. (Full
patient details are described in Section 6.4). This enabled observations to be made
regarding changes to the tear film taking place as a direct result of lens wear. The results of
the tear ratios for these control patients are also displayed below (see Table 5.10). These
data have been presented here because it enabled a clearer picture of how tear films that are
considered to be stable may be susceptible to variation over a longer period of time. It must

be remembered that these samples were taken as part of the clinical study and therefore

131




other variables may influence any variations observed including: environmental effects, the

time of sampling, and the lapsing intervals between sampling.

Patient Lactoferrin: Lactoferrin: Lactoferrin:

Number Albumin Lipocalin Lysozyme
64 1:0.52 1: 0.46 1: 0.79
65 1: 0.41 1: 0.46 1: 0.46
67 1:0.36 1: 0.40 1:0.52
68 1: 0.50 1: 0.50 151052
69 1:0.53 1: 0.49 1: 0.55
72 1:0.39 1:0.44 1: 0.44

Table 5.10 — The ratios of albumin, lipocalin and lysozyme to lactoferrin of control
subjects involved in the clinical study.
(Averaged over all visits)

The tear samples that were collected by microcapillary as part of the investigation into the
effects of diurnal variation were then subjected to SDS-PAGE. Figures 5.12 and 5.13

shown below are typical images that were produced as a result of this study.
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82kDa

68kDa

20kDa
14kDa

Figure 5.12 - Patient 1 tear samples collected over a two day period

Lane 1 — day 2 (am), Lane 2 — day 2 (mid), Lane 3 — day 2 (pm), Lane 4 — day 3 (am), Lane 5 — day 3 (mid),
Lane 6 —day 3 (pm), Lane 7 — molecular weight marker, Lane 8 — albumin (2 mg/ml), Lane 9 — lactoferrin (1
mg/ml)

82kDa

68kDa

21kDa

14kDa

Figure 5.13 — Patient 4 tear samples collected over a two day period

Lane 1 — day 1 (mid), Lane 2 — day 1 (pm), Lane 3 — day 2 (am), Lane 4 — day 2 (mid), Lane 5 — day 2 (pm),
Lane 6 — day 1 (am), Lane 7 — molecular weight marker, Lane 8 — albumin (2 mg/ml), Lane 9 — lactoferrin (1
mg/ml)
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Figure 5.14 — Shows the changes in the ratio of lactoferrin: lipocalin of five subjects at
different time points throughout the day
(Averaged over a three day period)

Figure 5.15 — Shows the changes in the ratio of lactoferrin: lysozyme of five subjects at
different time points throughout the day
(Averaged over a three day period)
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5.8.2 Preliminary Evaluation of the Lens Tear Envelope

In order to assess whether diurnal variation may have had any impact on the tear envelope
that could be collected from the surface of a lens, the same three daily disposable lenses that
were employed e.g. 1-day Acuvue, Focus Dailies and Soflens 1-day. The lenses were worn
at different times of the day to ascertain whether any differences in the resulting profile
could be observed. A full experimental protocol is detailed in Section 5.7.2.

Figure 5.16 (shown below) is an example of the tear envelope that could be collected from

the three lens types following a wearing time of eight hours or more.

<4—— 82%Da
4—— 68kDa

<4—— 21kDa
4—— 14kDa

Figure 5.16 — Tear envelope removed from three different types of daily disposable lenses

worn for more than eight hours.
Lane 1 — tear envelope removed from 1-day Acuvue, Lane 2 — tear envelope removed from Focus Dailies,
Lane 3 — tear envelope removed from Soflens 1-day, Lane 4 — molecular weight marker, Lane 5 — albumin (2
mg/ml), Lane 6 — lactoferrin (1 mg/ml)

Figure 5.17 is the result of the tear envelope that was collected from 1-day Acuvue lenses
that had been worn at different times of day. In order to ascertain whether it was possible to
observe any differences in the tear envelope obtained from lenses that had been worn at
different times of the day, the lens in the right eye was worn for the whole day (this served

as the control lens) whilst the lens in the left eye was removed every three hours and
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replaced with a fresh lens. The removed lens was immediately placed into an eppendorf

containing treatment buffer.

Figure 5.17 — Tear envelope removed from 1-day Acuvue worn at different times of the
day

Lane 1 — control lens, Lane 2 — lens worn for 0 — 3 hours, Lane 3 — lens worn for 3 — 6 hours, Lane 4 — lens
worn for 6 — 9 hours, Lane 5 — molecular weight marker, Lane 6 — albumin (2 mg/ml), Lane 7 — lactoferrin (1
mg/ml)

The resulting gel image was then analysed using the TotalLab™ software. There only

appears to be one band present in lanes 1 — 4. The software package used the albumin
standard that had been loaded into lane 6 as a reference point from which to calculate the

concentrations of the unknowns in these lanes. This is presented below in Table 5.11.
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Time of lens wear Protein concentration (mg/ml)
Control (eight hours or more) 0.006
0 — 3 hours 0.009
3 — 6 hours 0.006
6 — 9 hours 0.007

Table 5.11 — Concentration of proteins within the tear envelope removed from 1-day
Acuvue lenses worn at different times throughout the day as calculated using TotalLab ™
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5.9 Discussion

It is not only contact lens wearers that are affected by experiences of end of day dryness.
Many non-lens wearers also feel that their eyes become very tired and dry towards the end
of the day. Many factors are thought to be responsible for this. A great deal of work is
now carried out using computers and it is thought that sitting close to a screen for the vast
majority of the day would affect the tear film. This may in part be due to the subject not
performing proper blinks at regular intervals and thus not allowing the tear film to reform
properly ensuring that the cornea is constantly lubricated. Air conditioning present in many
work places is also thought to be a triggering factor in the end of day dryness. Other factors
known to be responsible for causing a drying out of the tear film include smoking and the

consumption of alcohol due to the subsequent effects of dehydration that ensue.
5.9.1 Diurnal Variations Observed Using Conventional Microcapillary Technique

This exercise has shown how relatively unreliable some of the quoted values of tear
composition are. Variables associated with sampling, health, time of day and environment
cause massive fluctuations in results obtained from individual patients. The subjects
involved in this study were all free from ocular disease. Effects of environmental influences
were minimised as far as was possible but the results generated still show a great deal of

variation both within an individual and also between all subjects.

Patient 1 was unable to provide an evening tear sample on one occasion due to a drying out
of the tear film. Using the results presented in Figure 5.7, whereby the data for each ratio
was averaged out over the three day testing period, this patient was seen to have the highest
ratio of lactoferrin: albumin of all the subjects. The ratio of albumin to lactoferrin has been
used in the past as a diagnostic tool for ocular diseases including keratoconjunctivitis sicca
(KCS). Patients suffering from primary Sjogrens syndrome are still able to produce tears.
It has been reported that having an albumin to lactoferrin ration above 2: 1 is significantly
more common in those patients suffering from primary Sjogrens syndrome than it is in
healthy individuals.'”® The ratio observed in patient 1 was not elevated to this magnitude
but could still possibly suggest that there was a slight degree of dry eye in this subject at the

time of testing.
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Tear samples were collected from Patient 3 at each of the time intervals. It was seen,
however, that it was possible to collect a maximum of only 3pul. Any further attempts at
collecting a sample would have resulted in a stimulated tear being produced. Such a tear is
known to have an increased concentration of plasma derived proteins e.g. albumin.
Previous work carried out on optimisation of this technique had found that a minimum
sample volume of Sul was required for reliable analysis. A low sample volume also made
further analysis using the TotalLab™ software very difficult. Although it may have been
possible to detect and quantify the proteins that have been studied in this exercise, as they
are each known to be present in concentrations of approximately 1.3mg/ml, it may not have
been possible to detect any other proteins present in significant concentrations. This would

subsequently affect any calculation of percentages that were made.

Patients 2, 4 and 5 produced results that were most similar. The ratio of lactoferrin to
lipocalin was especially similar and a range of 1: 0.38 to 1: 0.43 was observed between the

three subjects.

It must be borne in mind that this investigation into diurnal variation was carried out on a
relatively small population of individuals over a short period of time. Should this study be
carried out over a longer period of time with a larger population it might be possible to

determine variations that occur in the tear film as a result of diurnal variation.

Data generated from the clinical study (See Section 6.6) was concerned with sampling tears
at regular intervals over the course of a year. The results showed that these individuals
yielded more consistent results as a population over this time period. However, this study
did not consider the effects that time of sampling might have had upon the tear samples. It
therefore introduced other variables that could not be controlled, such as differences in the
time of day and a varying environment. It does however illustrate the point that there are

consistencies in certain protein ratios over time. This is discussed more fully in Chapter 6.
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5.9.2 Diurnal Variations Observed in the Tear Envelope

The results concerning diurnal variation investigated using the novel tear envelope
technique proved to be quite disappointing. The results that were presented in Figure 5.17
were obtained using 1-day Acuvue. It was not possible to collect the tear envelope from
either Focus Dailies or Soflens 1-day that were of a high enough quality to be analysed by
TotalLab™. Using the 1-day Acuvue suggested differences could be observed in the
protein concentration at different times of day. Unfortunately, there did not appear to be
any stable pattern emerging in the changes that took place. Until this has been repeated
several times, with the participation of more subjects, it is impossible to categorically

predict what changes are likely to take place.

Although unfortunate, it must be remembered that the lens is being submerged in 40ul of
sample treatment buffer. It is estimated that only 2l of the tear envelope would be
attached to the lens at the time of removal. This represents a high dilution factor, but it was
found in previous work that this was the minimum volume of buffer that could be used to
ensure that the lens was completely immersed once retained in the eppendorf. It is
therefore quite encouraging to demonstrate that such minute volumes of sample can be

analysed using the techniques employed in this study.

SDS-PAGE has been shown to be one of the optimal electrophoretic techniques for the
study of tear proteins. Nonetheless, it appears that systematic and unsystematic variations
are so large that they make the observation of one variable (e.g. diurnal variation)

unreasonably difficult using this technique.

In conclusion, this investigation into diurnal variation was conducted over a very short time
period with a limited number of samples. Although it has not been possible to identify
specific changes to the tear protein profile as a result of diurnal variation using either
conventional methods of collection or the novel tear envelope sampling technique, it could
be demonstrated that the larger population of control patients involved in the clinical study
showed stable and unchanging ratios over the twelve month period confirming the presence

of stable tear films.
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Chapter 6

Clinical Study on the Effects of Contact Lenses on the

Tear Film
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6.1 Aim

Following on from a baseline study previously carried out on the effects of the tear film as a
result of contact lens wear a unique, collaborative, clinical study was undertaken between
the Biomaterials Research Unit and the Vision Sciences Department at Aston University.
Following approval by the Human Sciences Ethical Committee, a population of previous
non-contact lens wearers was recruited and randomly assigned to wear one of two lens
types in a given wear modality. The key aspects of the study was that both the lens
materials used were silicone hydrogels therefore allowing a direct comparison of the effects
of daily wear and extended wear with not one but two materials. Clinical and biochemical
changes were monitored over a two-year period. This was to enable the investigators to
study the effects contact lenses, lens material, patient variation and wear regime had upon

tear physiology and ocular health.

6.2 Introduction

The fact that contact lenses immediately come into contact with a biological fluid, the tear
film in this case, upon insertion into the eye has been discussed. Components from the tear
film are adsorbed onto the surface of the lens or into its matrix. This deposition onto the
lenses does not only affect the visual performance of the lens but it can also disrupt the

normal balance of the tear fluid.'>> 2130 131

This study was concerned with monitoring changes taking place in the tear protein profile
over time. Tear samples were collected using a microcapillary prior to beginning lens wear
to enable a base profile to be established for each person. The tears were then sampled at
regular intervals (see section 6.3 for full experimental protocol) in order to investigate if,
and how, contact lenses caused deviations in the tear protein profile. Tear proteins are of
such interest due to their assumed role in immunological reactions. It was hoped that this
study would enable predictions to be made regarding the suitability of a patient for lens

wear according to the presence/absence of certain proteins in the tear film.
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6.3 Parameters of the Clinical Study

In order to be eligible to participate within the study, the subjects had to fulfil certain
criteria:

e Previous non-contact lens wearers

e Normal binocular vision

e A low to moderate level of refractive error and astigmatism

e No previous ocular health complications including either dry eye or highly atopic

individuals

19 — 25 years old

The measurement of ocular parameters that were monitored included:
e Refractive error
e Axial length and anterior chamber depth
e Corneal topography
e (Corneal thickness profile
e Slit lamp grading of anterior eye health
e Tear film with clinical measures such as slit lamp, tear prism height and the
Tearscope

e Tear film changes following laboratory analysis

This data allowed the analysis of tear proteins in the hope of identifying particular proteins
that could potentially be useful as biochemical predictive markers for the development of
contact lens complications. Ocular biometry and refractive changes following a period of
silicone hydrogel contact lens wear were monitored so clinical changes could also be
followed and assessed. @ The examinations that were performed enabled objective
measurements of ocular health to be made. A questionnaire designed specifically for this
study allowed a comparison to be made between the participant’s subjective opinions
regarding comfort and the objective results obtained from clinical and biochemical data.

The questionnaire can be found in the Appendix.

The subjects were initially examined prior to commencing lens wear. Tear samples

collected by microcapillary were also obtained at this time. This allowed a base profile for
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each individual to be established. The subjects were then examined at the following
intervals:

o [Initial visit

e After one week

o After two weeks

e After three weeks

e After one month

e After three months

e After six months

e After twelve months

e After twenty four months

Tear samples and worn lenses were collected at each examination for laboratory analysis.
The tear samples were collected by microcapillaries and expressed into eppendorfs. They
were then stored at 4°C until required. Worn lenses were placed in vials containing
distilled water and stored at 4°C. The lenses were then analysed for lipid deposition and
extracted to allow a determination of total protein and lipid to be made. This lens analysis

does not form part of the work that has been presented within this thesis.

144



6.4 Silicone Hydrogels

A great deal of interest has centred on silicone hydrogels in the past few years regarding
their suitability for use as contact lens materials. One of the most important requirements
for a material designed for use in the eye is that it offers a high permeability to oxygen to
ensure that oxygen is delivered to the avascular cornea. It was discovered that the oxygen
transmissibility of hydrogels could be greatly enhanced when structural elements of silicone
rubber were incorporated into their structures. This is because oxygen is more soluble in

silicone rubber than it is in water.

The FDA has only recently given approval for silicone hydrogels to be worn for up to thirty
days of continuous wear. They have been prescribed for use in Europe in this wear
modality since 1999.'* These materials are quite different from conventional contact lens
materials. Silicone hydrogels have a high oxygen transmissibility (Dk/t) and it was thought
that they would eliminate problems that were common with conventional hydrogels
including contact lens-induced hypoxia.'*> The relatively recent introduction of these
materials however means that there is not much data available on the effects they have upon

the ocular environment.

The subjects were randomly assigned to one of the following groups:
1. Bausch and Lomb PureVision™ worn as a daily wear (DW) lens. The lens was to be
worn for eight hours or more per day.
2. Bausch and Lomb PureVision™ worn as a continuous wear (CW) lens for 30 days.
3. Ciba Vision Focus® Night and Day™ worn as a DW lens for eight hours or more
per day.
4. Ciba Vision Focus® Night and Day™ worn as a CW lens for 30 days.

5. Control group — no contact lenses.
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A summary of the main characteristics of the lenses employed in this study is shown below

(see Table 6.1).

Lens name | Manufacturer FDA % water | lonicity
classification | content
Focus® Ciba Vision I 24 Non-ionic
Night &
Day™
PureVision™ | Bausch & I 35 Ionic
Lomb

Table 6.1 — Characterisation of the lenses employed in the clinical study
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6.5 Patient Details

The patients that were recruited into the study were then randomly allocated a particular
lens type and wear modality. Tables 6.2 — 6.6 provide details on the wear modality and the
lens type that individual patients wore throughout the course of this study. Any clinical

observations that were made at clinical visits are also indicated within these tables.

Patient Incidences Gender Ethnicity
number
5 Strong vascular response afier 18 M Caucasian

hours. CLIPU (superior quadrant)

at 3 month visit

6 Drop out after first month due to F Caucasian
dry eyes and discomfort

7 Arthritis. Medication includes F Caucasian
Nimesulid

9 Suffers from Crohn’s Disease F Caucasian

13 Hay fever, asthma F Asian

29 Sensitive to Alcon, hay fever — F Asian
prescribed Claritin

25 Recurrent meibomian gland F Asian

dysfunction. Symptoms of dry eye

27 F Asian-African

33 Dry eyes — uses rewetting drops, F Asian
hay fever — prescribed Claritin.

37 F Asian

62 Suffers from hay fever — takes F Asian
systemic anti-histamines

71 M Caucasian

73 Meibomian gland dysfunction M Caucasian

Table 6.2 - Patients wearing Focus® Night and Day ™ on a daily wear basis
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Patient Incidences Gender Ethnicity
number
1 F Asian
2 SEAL on superior quadrant of the F Caucasian
cornea at six month visit
3 Mugcin balls at all routing visits; M Caucasian
recurrent episodes of CLIPU and
CLARE; meibomian gland
dysfunction
11 Meibomian gland dysfunction, M Hong Kong Chinese
dryness and tired eyes when
wearing lenses
12 Meibomian gland dysfunction. M Hong Kong Chinese
Left eye resolved CLIPU after first
month, experiences dry eyes so
uses rewetting drops
16 Experiences dry eyes so uses M Hong Kong Chinese
rewetting drops
19 Recurrent meibomian gland M Asian
dysfunction
26 Very thick lipid layer (acne M Chinese
problems) at initial visit. Lipid
layer thinned at month visit
28 CLIPU in inferior quadrant of F Malaysian-Chinese
cornea at six month visit
38 Takes medication once monthly F Caucasian
due to menstrual pains; Medication
Mifenamic acid (pain killer), co-
codamol, mycrogynon (steroids)
48 Hay fever. meibomian gland F Caucasian
dysfunction
71 M Caucasian

Table 6.3 — Patients wearing Focus® Night and Day ™on a continuous wear basis
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Patient number Incidences Gender Age
17 Suffers from hay fever, squint F Caucasian
when child (corrected by
surgery)
21 Experiences dryness and F Hong Kong Chinese
itching — uses rewetting drops
24 Heavy smoker, meibomian F Caucasian
gland dysfunction
32 Takes contraceptive pill F Caucasian
44 Drop out at 3 month visit due M Caucasian
to blurred vision and
discomfort
50 Suffers from hay fever, M Chinese
allergies to dust and pollen.
Experiences end of day
dryness
51 M Asian
53 M Asian
54 M Asian
57 Occasionally lenses become F Asian
very dry and drop out
61 Variable AL F Asian

Table 6.4 — Patients wearing PureVision ™ on a daily wear basis
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Patient number Incidences Gender Ethnicity
29 Dry eyes — uses rewetting F Asian-African
drops
30 Change from a thick tear film M Asian
at initial visit to a more
aqueous tear film at month
visit
31 Uses rewetting drops F Chinese
35 Asthmatic F Caucasian
36 Lens deposits (thick lipid M Asian
layer), mucin balls
41 Meibomian gland dysfunction M Caucasian
43 F Caucasian
46 Variable AL F African
47 Mucin balls at several routine M Caucasian
visits. SEAL on left eye at
six month visit
49 Bacterial conjunctivitis on left F Caucasian
eye in 4™ month of wear, tear
film contaminated with make
up, mucin balls, lenses dry
and fall out, sensitivity to
Alcon, asthmatic
52 Allergy to dust. Prescribed F Asian
antibiotics for acne
56 Suffers from hay fever F African
58 Allergies to dust and pollen. M African |
Asthmatic — uses inhaler
59 Heavy smoker F Caucasian

Table 6.5 — Patients wearing PureVision™ on a continuous wear basis
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Patient number Incidences Gender Ethnicity
18 Variable AL M Asian
34 Variable AL F Asian
40 Meibomian gland M Hong Kong Chinese

dysfunction. Mucous
and/or lipid strands on
tear film
45 Meibomian gland M Asian
dysfunction
55 Slight dry eye, F Asian
meibomian gland
dysfunction
63 F Asian
64 Variable AL M Asian
65 Variable AL F Caucasian
66 Variable AL F Caucasian
67 Slight dry eye (uses F Asian
rewetting drops),
meibomian gland
dysfunction.
68 Meibomian gland F Caucasian
dysfunction
69 M Asian
70 M Asian

Table 6.6 — Control patients
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The patients participating in this study along with their corresponding lens type and wear

modality are summarised below.
Lens type and wear modality Number of patients
Focus® Night and Day™ — daily wear 13
Focus® Night and Day™ — continuous wear 12
PureVision™ — daily wear 11
14

PureVision™ — continuous wear

Control patients

13

Table 6.7 — Summary of the number of people wearing each lens type and the

corresponding wear modality

Figure 6.1 — Graphical representation showing the number of patients wearing each lens

type and the corresponding wear modality

152



6.6 Results

6.6.1 Tear Samples Collected by Microcapillaries

Tear samples from the participants in the clinical study (see Tables 6.2 — 6.6) were collected
at specified time intervals as described above (see section 6.3 and Table 6.8) and then
analysed using SDS-PAGE. The resulting protein profiles were then subjected to further
analysis using the TotalLab™ software package. (For full experimental protocol refer to
section 2.6 and Chapter 3). Unfortunately, it was not possible to carry out western blotting
and immunostaining on these samples due to the low volumes of samples that were

obtained.

The visit numbers referred to throughout this chapter and their corresponding time period

are summarised below in Table 6.8.

Visit Number Time period
0 Pre lens wear
1 Week 1
2 Week 2
3 Week 3
4 Week 4
5 Month 3
6 Month 6
7 Month 12

Table 6.8 — Details of patient visits and sample collection and the corresponding time
period they refer to

The results for each of the four major tear proteins are presented below (see Tables 6.9 —
6.13) as the percentage of the total protein present within the tear sample as calculated by

TotalLab™. The results are presented according to lens material and wear modality.
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6.6.1.1 Concentrations of the four major tear proteins in the tear film

Visit Number
Patient Protein 0 1 2 3 4 5 6 7
Number (%)

5 Lactoferrin 3331293 1269 | 295 228 | 343
Albumin 128 | 98 | 13.5) 179 14.1 | 143
Lipocalin 149 | 17.1 | 23.1 | 126 239|143
Lysozyme 92 |293 1 1.9 189 - 129

7 Lactoferrin 38.5 21.9 226 | 26.7
Albumin 12.5 82 113 (178
Lipocalin 17.7 13.7 258 [ 17.8
Lysozyme 3.1 30.1 - 1200

9 Lactoferrin 371 | 214 | 324 | 177 | 167 | 369 | 250 | 234
Albumin 16.1 | 143 { 13.5 [ 150 | 43 3.6 10 | 12.8
Lipocalin 177 1 214 | 257 | 97 | 19.7 | 250 | 20 | 149
Lysozyme 32 | 286 | 27 |212(265 ] 298 - 191

13 Lactoferrin - 71 | 95 {435 182 | 13.0 [ 13.6
Albumin - 7.1 | 48 - 91 | 43 |39
Lipocalin T 35T 416 | 2.7 273 | 232 |27.2
Lysozyme 7.7 |50.0 | 286 | 13.0 273 | 21.7 | 46.6

25 Lactoferrin 318 {333 | 100|233 286 | 192 | 26.7
Albumin - 56 | 10.0 | 133 286 ( 12.1 | 11.1
Lipocalin 31.8 | 33.3 | 400 | 23.3 286 | 17.2 | 244
Lysozyme 364 | 27.8 | 40.0 - 143 | 253|333

27 Lactoferrin 20.0 182 | 23.1 | 64.7 | 65.2 | 30.0 | 31.1
Albumin 73 91 (269 | 88 | 13.0 | 92 | 189
Lipocalin 38.2 36.7 1192 | 88 | 187 | 10,6 | 176
Lysozyme 213 36.7 {212 | 88 | 13.0 | 49 (257

Table 6.9 — Concentrations of the major tear proteins in the tear fluid of patients wearing
Focus® Night and Day ™ on a daily wear basis (Visit 0 — Visit 7)
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Visit Number

Patient Protein 0 1 2 3 4 5 6 v
Number (%)

1 Lactoferrin 411|278 | 24.1 | 303 28.8 [ 304 | 28.6
Albumin 44 | 11.1 [ 13.8 | 11.8 108 | 65 |71
Lipocalin 200|222 (241|184 198 | 326 | 214
Lysozyme 56 {250 - 18.4 324 - 286

3 Lactoferrin 354 | 286 | 24.1 {268 | 122 | 272 | 236|194
Albumin 285 (286 (138 (21.1 | 24 | 109 | 145 | 30.6
Lipocalin 63 | 286241146 285 | 252 | 218 |13.9
Lysozyme 63 [ 143 | - 122 | 20.3 | 293 - 1222

11 Lactoferrin 408 | 26.0 | 293 | 205 | 247 | 223 | 278 | 182
Albumin 143 (140 | 147 [ 145 84 | 140 | 125 | 10.7
Lipocalin 184 | 18.0 | 240 | 145 ) 182 | 21.5 | 278 |21.2
Lysozyme 20 240 - 145 | 214 | 83 - (303

12 Lactoferrin 20.0 [ 32.7 | 30.0 | 283 | 37.5 | 29.7 | 37.3 | 35.7
Albumin 40 (265|180(20.0| 250 | 284 | 284 (429
Lipocalin 80 {143 140|117 | 125 | 108 | 74 | 7.1
Lysozyme 2001245 1(240 | 217 125 89 149 (7.1

16 Lactoferrin 333 [ 50.0 { 429 | 50.0 | 43.75 | 48.6 | 48.9
Albumin 83 | 11.1 [ 286250 ( 31.3 | 286 | 27.7
Lipocalin 167 ([ 11.1 | 7.1 | 7.1 | 63 57 | 64
Lysozyme 2501167 ]107(107| 125 | 86 | 85

19 Lactoferrin 18.2 22.1 1333
Albumin 9.1 9.1 | 11.1
Lipocalin 273 20.8 | 11.1
Lysozyme 273 234 (389

26 Lactoferrin 50.0 224 | 221 {382
Albumin 35.7 16.3 | 9.1 |50.0
Lipocalin 7.1 122 {208 {29
Lysozyme FA 163 [ 234 |29
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48 Lactoferrin 41.9 : 47 | 724
Albumin 25.8 55 | 138
Lipocalin 6.5 : _ 220 |34
Lysozyme 16.1 : 173 |34

Table 6.10 - Concentrations of the major tear proteins in the tear fluid of patients
wearing Focus® Night and Day ™ on a continuous wear basis (Visit 0 — Visit 7)

Below are shown some typical gel images representative of those that were obtained
throughout the clinical study.

Figure 6.2 (shown below) illustrates the protein profiles of the tear samples that were
collected from the patients, who were subsequently recruited into Focus Night and Day

lenses, prior to commencing lens wear.

Figure 6.2 — Tear samples collected pre lens wear
Lane 1 - patient 1, Lane 2 - patient 3, Lane 3 — patient 5, Lane 4 — patient 7, Lane 5 — patient 9, Lane 6 —
patient 11, Lane 7 —molecular weight marker, Lane 8 — albumin (2 mg/ml), Lane 9 — lactoferrin (1 mg/ml)
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Figures 6.3 — 6.6 shown overleaf are the tear protein profiles that were collected at
subsequent visits upon commencement of lens wear (Focus Night and Day). Patients
illustrated in these images belong to both the daily wear regime and the continuous wear
regime. For full details of patients and their corresponding wear modality, refer back to
Tables 6.2 and 6.3.

. 8D
68kDa

20kDa
14kDa

Figure 6.3 — Tear samples following one week of lens wear (Focus ® Night and Day ™)
Lane 1 — patient 5, Lane 2 — patient 9, Lane 3 — patient 1, Lane 4 — patient 3, Lane 5 — patient 11, Lane 6 —
molecular weight marker, Lane 7 — albumin (2 mg/ml), Lane 8 — lactoferrin (1 mg/ml)
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68kDa
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Figure 6.4 — Tear samples following three weeks of lens wear (Focus ® Night and Day ™
Lane 1 — patient 1, Lane 2 — patient 3, Lane 3 — patient 5, Lane 4 — patient 7, Lane 5 — patient 9, Lane 6 —
patient 11, Lane 7 —-molecular weight marker, Lane 8 — albumin (2 mg/ml), Lane 9 — lactoferrin (1 mg/ml)
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Figure 6.5 — Tear samples following three months of lens wear (Focus® Night and
Day™)

Lane 1 — patient 1, Lane 2 — patient 3, Lane 3 — patient 11, Lane 5 — patient 9, Lane 6 — molecular weight
marker, Lane 7 — albumin (2 mg/ml), Lane 8 — lactoferrin (1 mg/ml)

<4——— 82%kDa
<4——— 68kDa

20kDa
14kDa

Figure 6.6 — Tear samples following six months of lens wear (Focus ® Night and Day ™)
Lane 1 - patient 1, Lane 2 — patient 3, Lane 3 — patient 11, Lane 4 — patient 5, Lane 5 — patient 7, Lane 6 —
patient 9, Lane 7 — molecular weight marker, Lane 8 — albumin (2 mg/ml), Lane 9 — lactoferrin (1 mg/ml)
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Visit Number

Patient Protein 0 1 2 3 4 5 [ 6 [ 71
Number (%)

17 Lactoferrin 522|213 250 | 31.1 [ 333 [35.1
Albumin 39.1 | 10.6 42 | 56 | 126|189
Lipocalin - | 191 264 | 233 | 23.0 | 162
Lysozyme - 255 83 | 67 | 184|216

21 Lactoferrin 65.0 | 293 373 | 383 | 388 | 41.7
Albumin 200 | 9.8 68 | 62 | 144|167
Lipocalin - 1183 153 | 160 | 22.4 | 16.7
Lysozyme - | 268 34 | 3.7 |200 {167

24 Lactoferrin 25.6 420 | 446 [ 412303
Albumin 1.7 160 | 169 | 11.8 | 9.1
Lipocalin 25.6 100 | 77 | 176 | 182
Lysozyme - 180 ) 185 | 235 | 182

32 Lactoferrin 343 | 462 208 | 244 | 346 (304
Albumin 114 | 12.8 91 | 93 | 115|304
Lipocalin 257 | 179 156 | 174 | 23.1 | 174
Lysozyme - | 230 52 | 128 | 179 | 13.0

50 Lactoferrin 300 [ 192 | 375 | 240 | 41.7 | 333 | 342 | 385
Albumin 100 | 38 | 625 | 320 | 167 | 143 | 82 |23.1
Lipocalin 333 | 30.8 | 250 | 220 | 167 | 190 | 137 | 154
Lysozyme 267 | 347 | 3125 [ 160 | 16.7 | 23.8 | 103 | 23.1

51 Lactoferrin 208 | 385 | 238 | 209 364 | 18.0
Albumin 167 | 115 | 48 | 14.0 13.6 | 10.0
Lipocalin 292 | 154 | 333 | 233 182 | 22.0
Lysozyme 333 | 308 | 333 | 25.6 273 | 22.0

53 Lactoferrin 222412 59 | 184 222 | 156
Albumin 148 | 11.8 | 11.8 | 82 11.1 | 7.8
Lipocalin 296 | - | 294 | 184 167 | 18.8
Lysozyme 333 | 47.1 | 47.1 | 28.6 333 | 25.0

Table 6.11 - Concentrations of the major tear proteins in the tear fluid of patients

wearing PureVision ™on a daily wear basis (Visit 0 — Visit 7)
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Visit Number
Patient Protein 0 1 2 3 4 5 6 7
Number (%)
29 Lactoferrin 194 | 333 366 | 372 | 37.8 | 28.1
Albumin 139 | 11.1 42 49 | 189 [ 188
Lipocalin 222 | 16.7 21.1 | 20.6 | 15.1 | 1255
Lysozyme E 27.8 99 | 206 | 208 | 188
30 Lactoferrin 433 20.0
Albumin 200 6.0
Lipocalin 133 26.0
Lysozyme 133 30.0
31 Lactoferrin 438 | 289 35.1 | 347 | 36.2 | 435
Albumin 134 | 133 106 | 108 | 224 | 21.7
Lipocalin 189 | 193 191 | 198 | 155 [ 8.7
Lysozyme 250 | 253 213 | 216 | 103 | 8.7
35 Lactoferrin 46.8 85 | 355
Albumin 271 29 |16.1
Lipocalin 8.5 27.0 1194
Lysozyme 10.6 222 1258
47 Lactoferrin 448 17.2 | 46.6
Albumin 276 69 | 259
Lipocalin 10.3 24.1 | 103
Lysozyme 13.8 259 | 138
58 Lactoferrin 25 50.0 | 333 50.0 | 188 [53.8
Albumin 25 200 | 46.7 16.7 | 31.3 [ 30.8
Lipocalin 25 100 | 6.7 83 63 | 7.7
Lysozyme 25 10.0 | 6.7 83 63 |77
59 Lactoferrin 59 [ 793 | 37.0 528 | 40.0
Albumin 59 | 108 | 222 306 | 133
Lipocalin 2 1.0 | 111 56 | 200
Lysozyme 294 | 2.7 14.8 28 | 26.7

Table 6.12 - Concentrations of the major tear proteins in the tear fluid of patients
wearing PureVision ™ on a continuous wear basis (Visit 0 — Visit 7)
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Shown below (see Figures 6.7 — 6.10) are gel images illustrating the tear protein profiles of
the tear samples that were collected from the subjects wearing PureVision™ lenses. Both

wear modalities are illustrated here. Information regarding an individual’s wear modality is
detailed in Tables 6.4 and 6.5.

20kDa
14kDa

Figure 6.7 — Tear samples following one week of lens wear (PureVision ™)
Lane 1 - patient 17, Lane 2 — patient 21, Lane 3 — patient 32, Lane 4 — patient 29, Lane 5 — patient 31, Lane 6
— molecular weight marker, Lane 7 — albumin (2 mg/ml), Lane 8 — lactoferrin (1 mg/ml)
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Figure 6.8 — Tears samples following two weeks of lens wear (PureVision ™)
Lane 1 — patient 17, Lane 2 — patient 21, Lane 3 — patient 32, Lane 4 — patient 24, Lane 5 — patient 29, Lane 6
— patient 31, Lane 7 - molecular weight marker, Lane 8 — albumin (2 mg/ml), Lane 9 — lactoferrin (1 mg/ml)
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Figure 6.9 — Tear samples following one month of lens wear (PureVision ™
Lane 1 — patient 17, Lane 2 — patient 21, Lane 3 — patient 32, Lane 4 — patient 24, Lane 5 — patient 29, Lane 6
— patient 31, Lane 7 — molecular weight marker, Lane 8 — albumin (2 mg/ml), Lane 9 — lactoferrin (1 mg/ml)
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Figure 6.10 — Tear samples following three months of lens wear (PureVision ™)
Lane 1 — patient 17, Lane 2 — patient 21, Lane 3 — patient 32, Lane 4 — patient 24, Lane 5 — patient 29, Lane 6
— patient 31, Lane 7 — molecular weight marker, Lane 8 — albumin (2 mg/ml), Lane 9 — lactoferrin (1 mg/ml)
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Visit Number

Patient Protein 0 1 2 3 4 > 6 7
Number (%)

64 Lactoferrin 23.7 305 | 446 | 293|227
Albumin 155 102 | 246 | 146 | 13.6
Lipocalin 2.1 254 | 108 | 122|182
Lysozyme - - 123 (31.7 (273

65 Lactoferrin 39.7 37.5 | 47.8 [ 28.0 | 39.1
Albumin 6.3 63 (326|120 21.7
Lipocalin 20.6 313 | 33 [200|13.0
Lysozyme 28.6 - 54 (2401130

67 Lactoferrin 342 30.8 | 48.1 | 16.7
Albumin 13.2 154 | 299 | 5.6
Lipocalin 18.4 256 | 52 (222
Lysozyme 23.7 - 78 |333

68 Lactoferrin 28.7 333 | 474 | 192 |44.1
Albumin 16.1 48 | 289 | 154 (206
Lipocalin 20.7 333 | 52 | 154 (118
Lysozyme 20.7 - 72 |346 |88

69 Lactoferrin 304 317 | 444 | 26.7 | 444
Albumin 7.1 146 | 41.1 | 100 | 222
Lipocalin 214 268 | 33 (267 |83
Lysozyme 28.6 - 88 2671139

12 Lactoferrin 29.8 346 | 350 [48.1 |429
Albumin 10.6 7.7 | 220 | 148 {200
Lipocalin 19.2 346 | 73 |[11.1 114
Lysozyme 26.0 - 73 (222|114

Table 6.13 - Concentrations of the major tear proteins in the tear fluid of control patients
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Figures 6.11 — 6.14 are illustrative of the tear samples that were collected from the control
subset of individuals in the clinical study at differing time periods.

<4—— 3%Da
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Figure 6.11 — Tear samples from control patients (Visit 0)
Lane 1 — patient 64, Lane 2 — patient 65, Lane 3 — patient 67, Lane 4 — patient 68, Lane 5 — patient 69, Lane 6
— patient 72, Lane 7 — molecular weight marker, Lane 8 — albumin (2 mg/ml), Lane 9 — lactoferrin (1 mg/ml)
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Figure 6.12 — Tear samples from control patients (Visit 4)
Lane 1 — patient 64, Lane 2 — patient 65, Lane 3 — patient 67, Lane 4 — patient 68, Lane 5 — patient 69, Lane 6
— patient 72, Lane 7 — molecular weight marker, Lane 8 — albumin (2 mg/ml), Lane 9 — lactoferrin (1 mg/ml)
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Figure 6.13 — Tear samples from control patients (Visit 5)
Lane 1 — patient 64, Lane 2 — patient 65, Lane 3 — patient 67, Lane 4 — patient 68, Lane 5 — patient 69, Lane 6
— patient 72, Lane 7 — molecular weight marker, Lane 8 — albumin (2 mg/ml)
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Figure 6.14 — Tear samples from control patients (Visit 6)
Lane 1 - patient 64, Lane 2 — patient 65, Lane 3 — patient 67, Lane 4 — patient 68, Lane 5 — patient 69, Lane 6
— patient 72, Lane 7 — molecular weight marker, Lane 8 — albumin (2 mg/ml),

165



6.6.2 Calculation of Minimum and Maximum Limits

In order for distinctions to be made between tolerant and intolerant lens wearers, any
changes taking place in the tear film protein concentrations of the lens wearers in this study
(shown in Tables 6.9 — 6.12) must first be compared with those obtained from the control
population. This was achieved by calculating the ratio of lactoferrin: albumin, lactoferrin:
lipocalin and also albumin: lipocalin of all control patients averaged over Visit 0 — Visit 7.
The tear proteins of these patients, being all non-lens wearers, would not be expected to

fluctuate greatly. This data is shown below in Table 6.14.

Patient Lactoferrin: Lactoferrin: Lactoferrin: Albumin:

Number Albumin Lipocalin Lysozyme Lipocalin
64 1: 0.52 1: 0.46 1: 0.79 1: 0.88
65 1: 0.41 1: 0.46 1: 0.46 1112
67 1: 0.36 1: 0.40 1: 082 k.10
68 1: 0.50 1: 0.50 1: 0.52 1: 1.01
69 1:0.53 1: 0.49 1: 0.55 1: 0.91
72 1: 0.39 1: 0.44 1: 0.44 1: 1.11

Table 6.14 — Ratios of the major tear proteins for all control patients averaged out over
all time periods (Visit 0 — Visit 7)

The information presented above shows the distribution of the ratios obtained from the
control patients. This population is representative of a normal tear fluid. All values that are
shown for each patient, and each protein ratio, appear to be contained within reasonably

tight limits.

In order to identify any disturbances taking place to the tear films of the lens wearers it is
vital to establish limits that are considered to be normal. Table 6.15 shows the values that
are considered to be representative of this control population as they encompass most data

points that were calculated.
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Protein ratio Minimum limit Maximum limit
Lactoferrin: Albumin 1: 0.40 1: 0.50
Lactoferrin: Lipocalin 1: 0.40 1: 0.50
Lactoferrin: Lysozyme 1: 0.45 1: 0.55
Albumin: Lipocalin 1: 0.90 1: 1.10

Table 6.15 — Minimum and maximum limits for the protein ratios as being indicative of a
healthy tear film

The ratios were then calculated for all lens wearers in the study. This was calculated by
taking the average of the protein concentrations from Visit 1 — Visit 7, e.g. all visits
following commencement of lens wear. This data for all patients is shown below (see

Tables 6.16 — 6.19) according to lens type and wear modality.

Patient Lactoferrin: Lactoferrin: Lactoferrin: Albumin:

Number Albumin Lipocalin Lysozyme Lipocalin
5 1: 0.49 1: 0.64 1: 0.55 1: 1.31
7 1: 0.52 1: 0.80 1: 1.06 1:1.54
9 1:0.42 1: 0.79 1: 0.86 1: 1.86
13 1:0.33 1:1.74 1:1.78 1:5.21
25 1:0.57 1: 1.18 1: 1.20 1:2.07
27 1: 0.46 1: 0.61 1: 0.61 1:1.33

Table 6.16 — Ratios of tear proteins of patients wearing Focus® Night and Day™ in a
daily wear modality for all post lens visits
(Average data for all visits)
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Patient Lactoferrin: Lactoferrin: Lactoferrin: Albumin:

Number Albumin Lipocalin Lysozyme Lipocalin
1 1:0.36 1: 0.81 1:0.92 12227
3 1:0.75 1:0.97 1:0.85 1:1.29
11 1: 0.53 1: 0.86 1:0.82 1: 1.64
12 1:0.82 1: 0.37 1:0.47 1:0.41
16 1: 0.54 1: 0.15 1:0.24 1: 0.29
19 1:0.40 1: 0.80 t 122 202
26 1:0.84 1:0.32 1:0.37 1: 0.39
48 1: 0.38 1: 0.27 1:0.31 1: 0.71

Table 6.17 — Ratios of tear proteins of patients wearing Focus® Night and Day ™ in a

continuous wear modality for all post lens visits
(Average data for all visits)

Patient Lactoferrin: Lactoferrin: Lactoferrin: Albumin:

Number Albumin Lipocalin Lysozyme Lipocalin
17 1: 0.36 1: 0.74 1:0.49 1:2.08
21 1: 0.29 1:0.49 1: 0.38 14168
24 1: 0.33 1:0.43 1:0.53 1:1.29
32 1: 0.47 1: 0.58 1: 0.46 1:1.25
50 1: 0.46 1: 0.62 1: 0.68 1:1.37
51 1:0.39 1:0.82 1: 1.01 1:2.08
53 1: 0.49 1: 1.01 1: 1.75 1: 2.05

Table 6.18 - Ratios of tear proteins of patients wearing PureVision™ in a daily wear

modality for all post lens visits
(Average data for all visits)
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Patient Lactoferrin: Lactoferrin: Lactoferrin: Albumin:

Number Albumin Lipocalin Lysozyme Lipocalin
29 I: @33 1: 0.50 120,57 1: 1.49
30 1: 0.41 1: 0.46 1: 0.50 1: 1.10
31 1: 0.44 1: 0.46 1: 0.46 1: 1.05
35 1: 0.51 1: 0.60 1: 0.65 1: 1.18
47 1: 0.56 1: 0.41 1:0.49 1:0.74
58 1: 0.74 1: 0.28 1: 0.28 1:0.38
59 1:0.37 1:0.18 1022 1: 0.40

Table 6.19 - Ratios of tear proteins of patients wearing PureVision™ in a continuous
wear modality for all post lens visits
(Average data for all visits)

The ratios that are displayed above in Tables 6.16 — 6.19 are presented graphically below to
illustrate the proportion of lens wearers that are considered to be within the minimum and
maximum levels deemed to be representative of a tolerant lens wearer. Those patients that
appear to be significantly out of the limits, as set with reference to the control patients, may

be more likely to suffer from an impaired tear film.
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Figure 6.15 — Bar chart showing the distribution of the lactoferrin: albumin ratio for all
lens wearers in the clinical study, post lens wear (Visit 1 — Visit 7)

0-035 0.35-075 0.76-1.10
Ratio

Figure 6.16 - Bar chart showing the distribution of the lactoferrin: lipocalin for all lens
wearers in the clinical study, post lens wear (Visit 1 — Visit 7)
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Figure 6.17 - Bar chart showing the distribution of the lactoferrin: lysozyme for all lens
wearers in the clinical study, post lens wear (Visit 1 — Visit 7)

The graphical representation in Figure 6.15 above indicates that the majority of the lens
wearing population has a lactoferrin: albumin ratio not too dissimilar from the non-lens
wearing, control, population. Figures 6.16 and 6.17 show that the distribution of the ratios
for these proteins is much more widely spread in the lens wearing population.
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6.6.3 Comparison of a Lens Wearing Population and a Control Population

The data were then used to calculate the ratios as described above for the lens wearing
population at Visit 0, and then again at Visit 7. This was then compared with the ratios
calculated for the control patients over the same period. At this point, no distinction was

made between either the lens material or the wear modality.

Group Ratio Visit 0 Visit 7

Lens wearing population | Lactoferrin: Albumin 1: 0.49 1: 0.58
(n=28) Lactoferrin: Lipocalin 1: 0.65 1:0.43
Lactoferrin: Lysozyme 1: 0.52 1: 0.59

Albumin: Lipocalin 1: 1.64 1:0.74

Control population Lactoferrin: Albumin 1: 0.37 1651
(n=6) Lactoferrin: Lipocalin 1:0.55 1:0.32
Lactoferrin: Lysozyme 1:0.82 1: 0.39

Albumin: Lipocalin 1: 1.49 1:0.64

Table 6.20 - Comparison of the tear protein ratios of a lens wearing population and a
control population at Visit 0 and Visit 7
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The ratios were then calculated for Visit O and Visit 7 for each individual wearing each

lens and each wear modality. These results are shown in Table 6.21.

Group Ratio Visit 0 Visit 7
Focus DW Lactoferrin: Albumin 1:0.30 1: 0.50
Lactoferrin: Lipocalin 1:0.74 1:0.74

Lactoferrin: Lysozyme 1: 0.49 1: 1.01

Albumin: Lipocalin 1:2.47 1: 1.47

Focus CW Lactoferrin: Albumin 1: 0.34 1: 0.68
Lactoferrin: Lipocalin 1: 0.41 1:0.33

Lactoferrin: Lysozyme 1: 0.35 1: 0.54

Albumin: Lipocalin 1: 1.16 1:0.33

PureVision DW Lactoferrin: Albumin 1:0.48 1: 0.56
Lactoferrin: Lipocalin 1: 0.80 1: 0.48

Lactoferrin: Lysozyme 1: 0.87 1: 0.53

Albumin: Lipocalin 1: 1.68 1: 0.85

PureVision CW Lactoferrin: Albumin 1: 043 1: 0.55
Lactoferrin: Lipocalin 1: 0.65 1: 0.28

Lactoferrin: Lysozyme 1:0.79 1:0.36

Albumin: Lipocalin 1: 150 1:0.52

Table 6.21 — Comparison of the protein ratios of the lens-wearing individuals according
to lens type and wear modality
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6.6.4 Removal of the Tear Envelope from Lenses Worn in the Clinical Study

A small number of worn lenses became available for the analysis of the tear envelope. This
technique is described in more detail in section 2.3.2

Attempts at removing the tear envelope from silicone hydrogels had not been carried out
prior to this. The results of the attempts to remove the tear envelope from the lenses are

illustrated below.

(The lenses were removed from patients at the time of examination and were immediately

placed into an eppendorf containing treatment buffer. The eluate that was obtained

following centrifugation was subjected to SDS-PAGE).

116kDa

68kDa

29kDa

21kDa

6kDa

Figure 6.18 — Gel scan showing tear envelope from worn lenses
Lane 1 — patient 48, Lane 2 — patient 47, Lane 3 — patient 38, Lane 4 — patient 27, Lane 5 — patient 57, Lane 6
— patient 53, Lane 7 — molecular weight marker, Lane 8 — albumin (2mg/ml), Lane 9 — lactoferrin (1.25mg/ml)
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55kDa

29kDa

21kDa

Figure 6.19 — Gel scan showing tear envelope from worn lenses
Lane 1 — patient 43, Lane 2 — patient 37, Lane 3 — patient 50, Lane 4 — patient 31, Lane 5 — patient 35, Lane 6
— molecular weight marker, Lane 7 — albumin (2mg/ml), Lane 8 — lactoferrin (1.25mg/ml)

Unfortunately, because the lenses were to be analysed for both lipid and protein deposition,
it was not possible to attempt to remove the tear envelope from any other lenses that had
been worn by participants in the clinical study. It was hoped that the utilisation of this
technique would give a clearer representation of the tear film of those patients unable to
provide tear samples by microcapillary that were of a high enough volume to ensure
consistent and reliable results following analysis by SDS-PAGE and TotalLab™.
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6.6.5 Lens Extractions

Analysis was carried out on Focus® Night and Day™ and PureVision™ lenses that had
been worn in both a continuous wear and daily wear modality. They were extracted in
order to ascertain whether it was possible to detect any of the protein that had deposited
onto the lens. The results shown below in Figure 6.20 are those obtained from
PureVision™ lenses worn on a continuous wear basis. This image is representative of all

lens extracts from the silicone hydrogels worn in this study and analysed by SDS-PAGE.

Figure 6.20 — Gel image showing extracts from PureVision™ lenses worn in a
continuous wear regime

It was not possible to detect the presence of any proteins on the gel following
electrophoresis (Figure 6.20). This could be because the proteins extracted from the lenses
were present in very low quantities and could not be detected using this technique. This,

and other possible reasons for the results obtained are discussed more fully in Section 6.7.3.

176



6.7 Discussion
6.7.1 Effects of Contact Lenses Upon the Tear Film

Proper functioning of the tear film is essential for the eye as it nourishes the cornea and
protects the eye from external infections. Contact lens wear has been shown to interfere
with most of the functions of the tear film. They are often associated with dry eye
symptoms, tear film instability, inflammation, infection and corneal erosions.”** ** The
incidence of vision threatening, contact lens related, conditions are known to be higher in
subjects with dry eye than those with a normal tear film. Contact lens wear can induce, or
exaggerate, dry eye conditions. The mechanisms involved are unclear. A decreased tear
volume is associated with contact lens induced dry eye. Symptomatic contact lens wearers
have a lower tear flow rate and reduced tear film stability than asymptomatic lens wearers.
Physiological changes to the tear film depend on the contact lens material (e.g. soft
hydrogel and silicone hydrogel) and the wear regime. Individuals also differ in their

susceptibility, so changes may not be uniform in their occurrence.

The lenses that were used throughout the clinical study were silicone hydrogels. To date,
very little work has been carried out on such lenses. They have very different
characteristics from a conventional hydrogel lens and, as such, are not thought to
accumulate as much protein and lipid onto the surface. This may also result in a reduced
tear volume being attached to the lens after removal. The silicone hydrogels used in this
study have been approved for a thirty-day continuous wear lens in Europe. Deposition
appears to be more common towards the end of the thirty-day wearing period — although no
significant differences have been observed in the level of deposition onto the lens when

worn either as a daily wear or a continuous wear lens."*

The patients that were involved in this study wore lenses either in a daily wear regime or a
continuous wear regime. Conventional hydrogels, when worn on a continuous wear basis,
have been associated with a range of changes to the cornea including inflammatory
conditions and infections such as microbial keratitis. The number of people wearing lenses
in this modality declined as a result. There has been a renewed interest in continuous wear
lenses since silicone hydrogels were introduced. These materials have an increased

permeability to oxygen and, as such, do not cause the cornea as much physiological stress
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during periods of prolonged eye closure. Such lenses are now becoming a popular choice of

vision correction for many people."*” **

The data that was generated as a result of the clinical study was very interesting. A study
such as this whereby subjects were followed closely over a twelve month period to monitor
changes taking place to the tear film as they progress from being non lens wearers to being

accustomed lens wearers is not thought to have been carried out before.

One problem that was encountered was the very low volumes of tear fluid that were
available for analysis from some of the participants. Unfortunately, this is an inherent
problem associated with tear analysis. Contact lenses are known to disrupt the tear film and
cause a drying in some patients. This makes it very difficult to attempt to identify any
potential biochemical markers in the tear film that could be used as indicators of potential
problems the wearer might experience. There were often cases whereby no sample was
available for analysis. This made it very difficult to monitor changes to the tear fluid when

there were so many data points missing.

The TotalL.ab™ software proved to be invaluable when analysing the gels following SDS-
PAGE. By being able to calculate the concentrations of proteins within the tear fluid it was
possible to calculate ratios of proteins that were deemed to be of particular importance in
this study. One flaw was the fact that low volumes could produce very spurious results.
The data produced could be misleading if the experimental conditions were not considered
when analysing results. This became more evident when the normalised volumes as

calculated by the software were converted into percentages.

A huge amount of data was generated from this study. It was decided that the best
approach would be to concentrate on the four main proteins in the tear film. The
normalised volumes that were produced by the software were initially converted into
percentages as this made it easier for comparisons to be drawn upon first observation.
There appeared to be a great deal of variation between individuals in the relative

percentages that were calculated for the four proteins.

The next logical step was to reference all the percentages against one protein in order to

calculate the ratios of the proteins. Lactoferrin was chosen as the protein against which all
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other proteins would be referenced. There seemed to be more consistencies amongst the
calculated percentages for lactoferrin than there were amongst the other proteins.
Lactoferrin is also present in reasonably high concentrations in the tear fluid at
approximately 1.4 mg/ml. Lactoferrin is involved in ocular defence as it possesses both
bacteriostatic and bactericidal properties and is therefore a very important tear protein. It

has also been implicated in the fouling of contact lenses."”

The results shown in Figure 6.20 show that the ratio of lactoferrin: lysozyme had increased
in those individuals wearing Focus Night and Day in both a daily wear and continuous wear
modality. When the lens wearing population was analysed as a whole (See Table 6.19), it
was found that there was indeed a slight increase in lysozyme concentration at visit 7 (after
12 months) compared with visit O (pre lens wear). This is in agreement with studies that
have previously been carried out which found that the regular wearing of contact lenses
does alter the concentration of tear lysozyme. Studies that have been undertaken have
found that levels of lysozyme increase as a result of lens wear. It is thought that this may
be due to the continuous stimulation of the conjunctiva by the contact lens.'* Other
proposed explanations include an increase in tear osmolarity, simulating a dry eye
condition, which is associated with contact lens wear. Tear osmolarity may be increased
due to an increase in evaporation. This may ultimately mean that the concentrations of

various tear components are increased.

Tear lipocalin and any subsequent changes taking place to the concentration in the tear fluid
as a result of lens wear was very important throughout the course of this study. Tear
lipocalins are members of the lipid-binding protein super-family. They are able to bind
long chain fatty acids, glycolipids, phospholipids and cholesterol. They may also scavenge
harmful lipids (e.g. lipid products of inflammation). Tear lipocalin is the main lipid binding
protein in tears and may exist to protect the eye. It may scavenge lipid from the cornea to
prevent dry spots from forming. The concentration of tear lipocalin is decreased in dry eye
disease. The literature suggests that the lipocalin concentration increases in intolerant lens
wearers as it is associated with an increase in lipid degradation.'*"'** Glasson carried out a
study on symptomatic and intolerant lens wearers and compared their tear film lipid
features with those of tolerant wearers. Intolerant lens wearers had a greater amount of
degraded lipid in their tear film along with an elevated lipocalin concentration.'® The

results obtained in this study are contrary to this. In many cases, the lipocalin concentration
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was found to decrease following lens wear. The data obtained from comparing lipocalin
against both albumin and lactoferrin highlighted some very interesting patients. When the
ratios obtained for albumin: lipocalin are examined, it can be seen that there are a few
patients that have ratios markedly different from other participants. Patients 12, 16, 26 and
48 were seen to have a very low concentration of lipocalin compared with albumin in their
tear fluid. These patients all suffered from meibomian gland dysfunction. Three of these

patients regularly used re-wetting drops as they often experienced dryness.

A ratio of 1: 40 to 1: 50 was considered to be an acceptable value for lactoferrin: albumin as
it encompassed most of the subjects involved in the study. Tables 6.14 — 6.18 show that
five of the patients were quite considerably outside the normal boundaries that were
considered normal. These were: patients 3, 12, 25, 48 and 58. Four of these patients were
observed to have recurrent meibomian gland dysfunction. The resulting reduction in the
lipid layer would have led to an increased evaporation of the tear film. Wearing lenses

would have exacerbated the situation.

The ratio of lactoferrin: albumin has been used in the past as an indicator of dry eye. A
ratio of 1:2 has been said to be indicative of primary Sjégrens syndrome.'”® None of the
subjects involved in this study had a ratio as high as this, but clearly an elevated lactoferrin:
albumin ratio is indicating those patients who have dry eye symptoms. An elevation in
albumin concentration can occur as the result of vascular leakage or epithelial damage. It

can therefore be used as an indicator of inflammation.

When looking at differences that existed between the different types of lenses worn by
patients in this study, it can be seen that there is a rise in the ratio of lactoferrin: albumin in
both lens types and both wear modalities. A similar decrease was observed in the ratio of
lactoferrin: lipocalin. When comparing the ratios obtained for lactoferrin: lysozyme it was
seen that there was an increase in lysozyme in those people wearing Focus® Night and
Day™, and a decrease in the lysozyme concentration in those wearing PureVision™.
PureVision™ is a low water content, ionic lens and is therefore classified as a group III lens.
The difference in lysozyme concentration described above may be due to tear lysozyme
adsorbing onto the lens. There may therefore be less lysozyme in the tear fluid as a result
of this.
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Patient 59 was chosen for analysis as the clinical patient details stated that this individual
was a heavy smoker. There has not been a great deal of work carried out on the effects
smoking has on the tear fluid and tear proteins. However, cigarette smoke has been
implicated in several eye diseases including glaucoma and cataracts. The toxic and
oxidative effect of cigarettes may be an implicating factor in damaging ocular tissues.
Smoking is also known to cause symptoms of dry eye. It has been demonstrated that
exposure to cigarette smoke leads to a reduction in the tear break up time — indicating that
the tear film is less stable. Studies that have been carried out comparing the tears of
smokers and non-smokers have found that there are differences. There appeared to be a

degree of fragmentation in the proteins of tears derived from smokers.'**

The initial problem that was encountered whilst analysing this individual was the very low
volumes that were available for analysis from every visit. Table 6.9 shows the percentage
of the four proteins that were present in the tear sample at each visit. The general trend for
lipocalin can be seen to increase over time. This may be a result of the subject suffering dry
eyes. There may be a break up of the lipid layer which results in a higher concentration of
lipocalin being required by the eye in an attempt to “scavenge” this lipid and prevent it
from causing dry spots on the cornea to cause further desiccation of the corneal surface.
Comparison of the protein ratios shown in Table 6.17 indicates that this patient has very
low volumes of all proteins within the tear film. This would lead to this patient being

selected as one that would be likely to develop complications associated with lens wear.

It was thought that contact lens wear caused the concentrations of tear proteins to deviate
from normal. Many studies have been carried out on the effects lens wear has upon total
tear protein, but very little has been done regarding changes to the concentrations of
particular proteins as opposed to total protein. There is a great deal of variation between
reported values in the literature due to differences in tear collection methods, sample
treatment and analytical techniques. This study has shown that there is indeed a change in
tear protein concentration before and after a period of lens wear. It is unfortunate that it
was not possible to identify a specific protein that could be used as a biochemical marker to
identify those patients more likely to develop complications or become intolerant wearers.
However, by analysing the four proteins as described here it was possible to identify those

people who had an abnormally high or low concentration of protein present in their tears.
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Physiological variations that occur between individuals made it impossible to predict how
these proteins were likely to deviate. There were certain individuals (patients 12, 26, 58
and 59) who all showed an elevation in their lactoferrin: albumin ratio. At the same time,
the ratio of lactoferrin: lysozyme was seen to decrease. It could be that as the concentration
of one or more protein increases, there is a corresponding decrease in the concentration of
other proteins in an attempt to counteract any detrimental effects an elevated total protein

concentration might have upon the ocular environment.

6.7.2 Analysing the Tear Envelope Collected from Lenses Worn in the Study

The results shown in Figure 6.21 and 6.22 are those obtained from extracting the tear
envelope from the worn lens. The lenses that were analysed were all from the twelve-
month visit. Unfortunately, very little can be visualised on these gels. There could be a
variety of reasons for this. It was found in initial experimental work on optimising this
technique that 40 pl of treatment buffer was required to ensure that the lens was completely
submerged. A consequence of this requirement is that any of the tear envelope that is
attached to the contact lens at the time of removal is considerably diluted. It is thought that
a maximum of 2 pl of tear fluid would be present on the lens so there is a very high dilution

factor involved.

In order for the tear envelope to be analysed it is important to ensure that the lens is
immediately placed in the eppendorf after removal. A minimum amount of handling is
needed, as this would remove any tears that were attached to the lens. Tweezers were used
to insert the lens into the eppendorf and ensure that the buffer completely covered the
surface. The eppendorf was mixed thoroughly prior to analysis to rewash the lens surface.
However, if the lens was not completely immersed at the time of removal any of the tear

envelope that was attached to the lens would have evaporated.

Attempts to remove the tear envelope from the surface of silicone hydrogel lenses had not
been made prior to this clinical study. Although the factors described above may have
reduced the chances of being able to collect tears attached to the lens at the time of removal,
it may be that the composition and properties of the lens materials of these two lens types

simply did not support a sustainable tear envelope on their surface. They are known to be
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less prone to deposition than conventional hydrogels. The tear envelope may be attached to
a layer of deposited protein on the surface of contact lenses. If this is the case, this more

“deposit resistant” feature of silicone hydrogels may inhibit the adherence of the tear film.

6.7.3 Contact Lens Extracts

Very little information could be obtained regarding the total amount of protein that was
deposited on lenses using the extraction technique detailed in Section 2.3.1. Although both
Focus® Night and Day™ and PureVision™ lenses that had been worn in both modalities
were extracted and then subjected to electrophoresis, no significant data was obtained. The
resulting gels were stained using both Coomassie Blue and silver stain. Silver stain is
capable of detecting protein present in nanogram concentrations. Nevertheless, it was not
possible to obtain any positive identification. Western blotting was also used to check for
the presence of certain proteins that may have been present on the acrylamide gel but in
concentrations too low to be detected even by silver staining. (The sensitivity of western
blotting has been demonstrated by its ability to detect IgM in tear samples — known to be
present in trace amounts, if at all, in the normal tear fluid). It was not possible to detect
either albumin or lactoferrin using this technique. These two proteins were chosen, as they
are present in fairly high concentrations in tear fluid. Albumin is found at about 1.3 mg/ml

and lactoferrin at about 1.4 mg/ml.

The ability to extract proteins from contact lenses is important when it is used in
conjunction with other immunological techniques, such as counter immunoelectrophoresis.
This enables either the presence or absence of certain proteins to be identified. =~ The
reagents used in the extraction technique are very harsh and, as such, cause the proteins to
denature. SDS-PAGE may not be able to separate the proteins into their constituent
polypeptides as a result of this denaturation. Another possible explanation may be that
SDS-PAGE is not sensitive enough to detect the presence of any proteins that have been
extracted. The lens is also extracted in 200l of extraction solution. This is a very high
dilution factor and, as such, reduces the likelihood of electrophoretic separation and

identification of proteins species that may have been present in the eluate.
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This thesis was concerned with the development of techniques that could be applied to tear
protein analysis. A novel technique has been devised to remove the tear envelope from the
surface of the lens. The application of TotalLab™ to the study of tears has not been

reported in the literature and is therefore also a novel approach in tear analysis.

It is important to remember that due to the timing of the study and the mass of samples that
needed to be analysed, this had to be the main focus of the investigative work that was

carried out.

This clinical study has highlighted a couple of areas where the techniques can be seen to
produce spurious results. Analysis of people and all living organisms usually means that
there will be a great deal of inherent variation that already exists between the subjects
before analysis has even commenced.  The reliability of these techniques has been
demonstrated by their ability to provide reproducible results e.g. when standard proteins are

run on gels, or when the sample is pooled over time and so can be loaded into several gels.

There are a few criteria that could be suggested in order to ensure that results are as
accurate and as reproducible as possible. There is always a slight degree of experimental
induced variation which could result from a variety of factors, including: the initial
sampling technique resulting in a different type of tear being collected, a flaw in the gel and

unsuitable running conditions which are sometimes seen to give distortions of the gel.

Throughout the course of this work, there have been samples provided for analysis, which,
under normal conditions, would be rejected. The timing of the sample was important in this
work as it aimed to monitor protein changes as the wearer became accustomed to lens wear.

These samples that were often of very low volume but were still analysed.

In order to be certain that the results generated are accurate, it is not advisable to use a low
sample volume. The electrophoresis unit used in this work required a minimum of a Sul
sample. The software package is able to make adjustments for distortions in the gel, but
these results are not likely to be as accurate as results collated from a gel that had completed
the run under optimum conditions. The fact that there were always protein standards loaded

into a gel resulted in the knowledge of when an unknown sample was producing misleading
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results. Throughout the course of this work, it was seen that lactoferrin concentrations in
tear samples were most commonly observed in the range of 30 — 50% of the total tear
protein. In instances where this protein deviated far from these boundaries, it is likely that
there is a high degree of error within the sample. This would be more likely than it was the
result of a disrupted tear film when dealing with a large sample base. Awareness of these

parameters is essential in order to utilise these techniques to their maximum capability.

The final conclusion to be drawn from this study is that the techniques utilised in this work
have determined that the tear film and tear proteins are affected by lens wear. The extent to
which proteins are affected seems to be more dependent on individual physiological

variations than it is on the lens material or wear regime.
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Chapter 7

Discussion and Future Work
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7.1 Discussion

Contact lenses are, and will continue to be, a major method of vision correction for millions
of people globally. Major improvements have been made to the materials, choice of wear
modality and cleaning regimes since the introduction of contact lenses some thirty years
ago. However, along with the introduction of a new material comes the introduction of a

host of complications that may have not been encountered previously.

One problem that became a major issue with the advent of hydrogel contact lenses was the
deposition of proteins, lipids, microorganisms and other extraneous substances onto the
surface of the lens, and also within its matrix. This had not been an apparent problem with
PMMA lenses.

Deposition remains a problem to this day. The interactions taking place between the
contact lens and the tear fluid are extremely complex and are still not fully understood.
Proteins are of particular significance, as they are known to be involved in immunological

reactions both within the eye and other parts of the body.

There are many techniques available for the purpose of tear protein analysis. It is well
documented that the techniques employed can affect the values obtained. Different
methods of tear collection result in different types of tear being collected due to the degree
of stimulation experienced. Subsequent treatment and analysis of the collected samples

also affects the results obtained.

This work was mainly concerned with initially optimising techniques that would enable the
tear protein profiles of “normals” to be analysed. The techniques of choice that were
utilised were one dimensional electrophoresis and Western Blotting. There are many other
techniques that are available for tear analysis including: counter immunoelectrophoresis
(CIE), High Performance Liquid Chromatography (HPLC), Enzyme Linked
Immunosorbant Assays (ELISA), and two dimensional electrophoresis. All of the

aforementioned techniques have their relative advantages and disadvantages.

SDS-PAGE and Western Blotting were the techniques of choice as they complement each

other in their mode of action and the results they are capable of generating. One-
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dimensional electrophoresis is used initially to separate a complex mixture of proteins into
its constituent polypeptides. A molecular weight marker is always loaded alongside the
samples being investigated, which allows the molecular weights of the unknowns to be
calculated. This allows an estimation to be made regarding the protein species that are
present within the sample. Western Blotting involves the transfer of proteins from within a
gel to the surface of a membrane under the influence of an electric current. Western
Blotting was therefore utilised to confirm the presence of the protein of interest within the

sample.

The main advantage of SDS-PAGE is that unlike other techniques, whereby it is only
possible to determine the presence or absence of a certain protein, is the ability to obtain
semi-quantitative data. This was of particular importance to the study of tear samples. It
is possible to determine differences between protein concentrations according to the
intensity of staining. This technique is not without its flaws however. It is not possible to
make exact judgements as to a protein’s exact molecular weight, nor is it possible to obtain

truly quantitative data regarding the concentration of a protein species.

In order to analyse samples using the mini electrophoresis unit utilised throughout this
study, it was found that a minimum volume of 5ul was required — to which a further 5ul of
sample treatment buffer was added. This is a much lower volume than is required by many
other operating systems. However, the study of tear fluid often presents the problem that it
is only possible to collect very low volumes. This is often seen to increase in contact lens
wearers and people experiencing a degree of dry eye symptoms. There are methods that
have been described in the literature that can be used to overcome this problem. These
include using an eye flush method that has been seen to increase the tear volume that can be
collected. It was decided that this would not be carried out in this study as the aim was to
collect a tear sample that was considered to be representative of the actual tear film of the

subject without the influence of stimulation, be it mechanical or chemical.

Throughout the course of the study it was found that low volumes did affect the results of
the ensuing tear analysis. Data that was obtained was always correlated with the standard
of the sample that was obtained. Should the study of dry eye patients become more
important, it would be necessary to devise a method whereby a higher sample volume could

be obtained. This was not necessary in the course of this work as all subjects had to be
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treated in the same manner in order to allow comparisons to be drawn between lens wearers
and non-lens wearers. Introducing other variables would have made such a comparison

more difficult to achieve.

Western Blotting was used in conjunction with electrophoresis as it enabled a protein to be
positively identified due to the specificity of the antibodies involved. The transfer of the
proteins from a polyacrylamide gel to a membrane makes them more accessible.
Polyacrylamide is not very amenable to the diffusion of large molecules. There are
numerous advantages associated with the application of antibody analysis in the study of
tear proteins. Antibody-antigen interactions are highly specific and sensitive. Results are

also easy to interpret.

Once the proteins had been transferred to the membrane, it was possible to immunostain for
a wide range of proteins and immunoglobulins. The primary antibody binds to the protein
of interest. Following incubation with the primary antibody for the required period of time
and subsequent washing stages, the membrane was then incubated with the secondary
antibody. The secondary antibody is one that has an alkaline phosphatase side chain
attached to it. When the final staining stages were carried out, the alkaline phosphatase
conjugated antibody would react with NBT/BCIP to produce an insoluble blue precipitate.
This was conclusive of a positive reaction as the antibodies only bind to one particular

protein, or subunit of this protein.

Optimisation of this technique determined that this technique required a minimum of four
hours running time. There have been suggestions in the literature that the running time
could be reduced to ninety minutes. It was found through the course of this thesis that a
running time of less than four hours resulted in an incomplete transfer of proteins from the
polyacrylamide gel to the membrane. It is obviously extremely important to ensure that as
complete a transfer as possible is achieved. By not allowing adequate time for the proteins
to be transferred to the membrane, there was the potential for the production of misleading

results regarding the presence or absence of a protein within a sample.

An unforeseen problem that was encountered during the immunostaining of tear proteins
was the cross reactivity that occurred. This became particularly apparent when the

immunoglobulins were being studied. The reason for this is that there are certain subunits
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that are common to all immunoglobulins. This was later overcome by using antibodies

directed against the unique subunits of each immunoglobulin e.g. the gamma chain of IgG.

One major drawback that was encountered through the use of antibody analysis for the
study of tear proteins was the lack of commercial availability of some of the proteins and
their corresponding antibodies that were deemed to be of particular interest in this work.
Lipocalin was one such example of a protein that was considered to be particularly
important in the clinical study. Lipocalin functions as a lipid scavenger in the ocular
environment. One of its assumed roles is that it exists to remove any lipid spots that may
form on the cornea. Lipid deposition onto the surface of the cornea would cause the cornea
to dry out in these areas. An increased lipocalin concentration could, and is thought to be,

an indicator of a dry eye condition.

There were a few patients within the clinical study that were identified as having a
disturbed tear film. These patients were only able to produce low volumes of tear samples.
They regularly used re-wetting drops and stated in the questionnaire that they often
experienced symptoms of dryness and discomfort. It would have been interesting to be able
to analyse their tear samples and subsequently carry out immunoblotting in an attempt to
identify the presence of lipocalin within their tears and any subsequent increases or
decreases in the concentration of lipocalin as the period of lens wear increased.
Unfortunately, neither tear lipocalins nor its antibodies were available commercially at the
time of this study. This therefore places a restriction upon the amount of analysis that can

be performed utilising antibody-antigen techniques.

The antibodies that were available for the study of tear proteins showed that there was a
high level of sensitivity and specificity associated with this technique. It was demonstrated
that it was able to detect IgE and IgM in the tears of healthy individuals. These
immunoglobulins are known to be present only in trace amounts in the tears of healthy

individuals, if at all.

These two techniques, when used in conjunction, allow for a greater amount of information
regarding the tear protein profile to be examined. One-dimensional electrophoresis allows
the tear proteins within tears to be separated. This enables comparisons to be drawn

between those samples that are considered normal and those that appear to deviate from a
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typical protein profile. Western Blotting can then be used to determine whether the

“deviant” sample has a protein that may or may not be present in the tears of a healthy
individual.

The introduction of TotalLab™ revolutionised the way in which data generated from these
techniques could be analysed. This became extremely important during the clinical study.
This program was able to calculate the molecular weights of unknown bands separated by
SDS-PAGE and was then able to calculate the concentration following normalisation to a
standard protein of known concentration. It was found that it was not possible to carry out
Western Blotting on the tear samples collected during the clinical study. It was quite usual
to have the bare minimum volume of tears required for SDS-PAGE. It was not possible to
repeat samples. It was therefore necessary to stain the gels using Coomassie Blue. It was
found that it was not possible to blot the gels after they had been stained. The dye was
obviously bound to the proteins and prevented them from being transferred from the

polyacrylamide gel to the membrane.

TotalLab™ became an invaluable addition to the techniques that were available. The most
important applications of this technique were firstly in analysing the tear proteins of a
population of non-lens wearing individuals to assess the impact that diurnal variation had
upon the relative concentrations of the main tear proteins. The second application was in
the course of the clinical study whereby the tear samples of a population of initial non-lens
wearers was analysed and then monitored as they progressed from neophyte lens wearers to
adapted lens wearers. By simultaneously monitoring a control subset group of individuals
it became feasible to identify changes that were taking place in the tear film as a result of

lens wear, the lens material and also the wear regime.

The initial aim of the clinical study was to be able to identify a certain protein that could, by
its presence or absence from the tear fluid, be used as a potential biochemical marker that
would enable those patients more likely to become intolerant lens wearers to be identified.
A huge amount of data was produced as a result of this clinical study. The variations that
were seen amongst individuals regardless of the lens type or wear regime made it unfeasible
to study each patient individually. The approach that was deemed to be most suitable was

to convert the values of the concentrations calculated by the software into percentages.
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This made it easier for initial observations to be made with respect to changing protein

concentrations.

The percentages that were calculated as described above were then converted into ratios,
using lactoferrin as a reference point. This reduced the anomalous results that were
occasionally observed in the patients where the tear sample was of very low volume and so

had produced spurious results.

The ratios that were calculated showed that there was indeed a change in tear protein —
although they did not change uniformly for all the participants in the clinical study.
Definite trends could be observed however, which allowed those patients that had a
disrupted tear film to be identified from laboratory results. When the results obtained
through laboratory analysis were compared with clinical data, it was seen that these patients
were suffering from meibomian gland dysfunction. These patients were all seen to have an
elevated lactoferrin: albumin ratio and a decreased lactoferrin: lipocalin ratio when
compared with other patients. An increase in the lactoferrin: albumin ratio is used clinically
as an indicator for dry eye. A ratio above 2: 1 is considered to be indicative of dry eye.
Although none of the patients had a ratio that would be considered to be in this category,
they did indeed show signs that they were suffering from symptoms of dry eye.

The tear volume that is available for analysis is an important consideration when analysing
samples. It was seen that Sul produced optimum results. When the volume was below this,

an incomplete profile was observed. This would then affect the data produced using the
software.

To be sure that the observable changes to the tear sample was representative of the tear
fluid and not a result of an insufficient volume, the concentration of lactoferrin was used to
judge the quality of the sample. A lactoferrin concentration of 30 — 50% was taken as being
acceptable within a tear sample. Samples that deviated from this range were likely to be the

result of low sample volume.

This study was primarily concerned with the optimisation and application of various
techniques to the study of tear proteins. Certain criteria were adhered to through the course
of this study. They can be summarised as follows:
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e A minimum volume of 3ul was required. Although it is always preferable to obtain
as high a volume as possible, without causing a stimulated tear to be collected, it
was found that samples less than 3pl did not produce results that were deemed to be
reliable.

e Gels should always be monitored while they are running. If the samples showed
signs of distortion then it was imperative to reduce the current immediately.

e Lactoferrin concentrations were used as an indicator of the reliability of the sample.
A concentration of 30 — 50% of the total protein was taken as being representative

of a reliable sample.

The preliminary work that was carried out prior to lens wear showed that there was a
change in protein concentration in individuals over a very short time period. These subjects
only wore lenses for three days at a time and this was found to be sufficient to cause the tear
film to depart from normal. More than this, it was found that the lens material that was
being worn caused the tear film to change in differing ways. The effects observed in the
clinical study were not as dramatic as this although general trends were observed between
the two lens types. There was an overall increase in the lysozyme concentration of those
patients wearing Focus Night and Day lenses and an overall decrease in the lysozyme
concentrations in those wearing PureVision. The wear modality did not appear to have a
major influence on the protein profile however.

The effects of diurnal variation upon the tear film were also investigated. This involved
tear samples being taken at three time points during the day e.g. morning, mid-day and in
the evening. The subjects were all researchers in the Biomaterials Unit. These subjects

were chosen, as it would minimise the effects of environment on the resuits.

The results that were obtained showed that no discernible changes occurred to the tear film
common to all individuals. Those individuals who were experiencing feelings of dry eye
were distinguished as being markedly different to the other participants. However, it must
be remembered that this study involved looking at a small population of individuals over a
short period of time. Only four proteins were investigated, which is not to say that there are

no other proteins that may be more susceptible to diurnal variation.
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Another technique was devised that allowed for the tear film attached to the contact lens at
the time of removal to be analysed. This attached tear film was termed the tear envelope.

There were many benefits that were provided by this technique.

Up until this point, it had been possible to extract proteins adsorbed either on to the surface
of the lens, or within the matrix of the lens. These contact lens extracts are routinely
analysed within the Biomaterials Research Unit using other biochemical and

immunological techniques that were not described in this work.

The extraction method itself uses very harsh procedures whereby the proteins are placed
into an eppendorf containing 200ul of extraction solution and then heated at 90°C for three
hours. This is very likely to denature the proteins that are present in the extracted solution
either through the use of such harsh chemicals, or the temperature to which the proteins are

being subjected.

When the lenses were extracted it was found that it was rarely possible to obtain any
information using SDS-PAGE. This may be due to the denaturation that has taken place or
because the proteins are present in very dilute concentrations and are below the threshold of

sensitivity of this technique.

The tear envelope was designed to remove the proteins that were attached to the lens at the
time of removal without the harsh conditions described above. This would then be a truer
representation of the tears of a lens wearer. The contact lens extracts may also show a
higher concentration of particular proteins than would be expected to be present in the tear
film because of their affinity for the lens material. Group 1V lenses are known to adsorb a

great deal of lysozyme onto their surface because of the ionic nature of the lens material.

This novel, yet simple, technique for the removal of the tear envelope was carried out by
immediately inserting the lens into an eppendorf containing a certain volume of treatment
buffer. An incision was made in the bottom of this eppendorf, which was then placed into a
larger eppendorf. Upon centrifugation, the liquid was drawn from the eppendorf containing
the lens (and therefore the tear envelope) into the larger eppendorf. The resulting eluate
was then analysed by SDS-PAGE.
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Optimisation of this technique revealed that the optimum volume of sample treatment
buffer was 40ul. A higher volume than this resulted in the dilution factor being too high for
SDS-PAGE to detect the proteins present. Lower volumes resulted in the lens not being
completely immersed in the buffer. This resulted in the tear envelope not being washed

from the surface of the lens.

Various centrifugation speeds and times were also investigated. It was found that the best
results were achieved following centrifugation of the eppendorf containing the lens and
treatment buffer at 5000 r.p.m. for ten minutes. This was the protocol that was followed

when analysing the tear envelope.

This technique yielded promising results in that it allowed a tear protein profile to be
obtained that could be considered comparable with conventional tear sampling techniques
(e.g. microcapillary collection) from certain lens types. The 1-day Acuvue consistently
produced clear protein profiles. It was found, after many attempts, that a comparable
profile could not be obtained from the Soflens 1-day. This was thought to be because this is
a much thicker lens than the Acuvue lens and, as such, inhibited the formation of a thicker

tear film.

Although this technique was very useful in that it enabled the tears of a contact lens wearer
to be analysed, it was disappointing to find that it was only applicable when particular lens
types were being worn. This was attempted during the course of the clinical study. There
was a minimum number of lenses available for this analysis and it was found that very little

could be obtained from the lenses that had been worn by the patients.

There are a couple of possible explanations for this:
1. The lens was handled too much prior to being immersed in buffer. It was important
to ensure there was a minimum level of handling of the lens. Tweezers were used
to place the lens in the eppendorf, but as this was quite hard to accomplish for a
non-experienced person, this may not have been carried out sufficiently.
2. The lens was not immersed completely in the treatment buffer immediately after
removal. If the lens was not completely submerged, the tear envelope that may

have been attached to the lens at the time of removal could have evaporated.
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3. There is only an estimated 2ul of tear envelope attached to the lens at the time of
removal. When the lens is placed in 40ul of treatment buffer the resulting dilution
factor that ensues is very high. However, there has to be a balance between these
two requirements and the conditions that were chosen were found to be the most
suitable overall.

4. The proteins that are present in the tear envelope may be below the sensitivity of

the techniques used to analyse the sample.

The work presented in this thesis has highlighted many areas of interest which, with future
work, may help to provide further insight into protein changes as a result of lens wear and

how these changes impact on the development of intolerance to lens wear
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7.2 Future Work

1. Investigation of other techniques available for the study of protein analysis.

The combination of SDS-PAGE and Western Blotting has proven to be very useful
techniques in the study of tear protein profiles. They enabled tear samples from healthy
eyes to be analysed and compared with those from a lens wearing population, who are often
thought of as having a disturbed tear film. However, there are many other techniques that
are available for the study of tear proteins. They each have their advantages and
disadvantages. Exploring their capabilities and limitations would be an invaluable exercise.
Techniques and methodologies that are already available are also continually being
improved as the need to build on existing knowledge is increased. One of the limiting
factors that became apparent as a result of the clinical study was the volume of tear fluid
that was required for analysis. When presented with lower volumes from patients
experiencing symptoms of dry eye, it became impossible to carry out reliable analysis of
these samples. The influence contact lenses had upon the tear film was an integral part of
this study. As contact lenses are known to disrupt the tear film and lead to a reduced tear
volume, this was shown to be an important obstacle that needs to be overcome. This could
possibly be achieved by exploring other methods of collecting tears e.g. using an eye flush
or externally stimulated tears as would be collected when ammonia or other noxious
chemicals are inhaled. These methods would undoubtedly result in a different type of tear
being collected but, as long as the samples were all treated in an identical manner, this

would still enable comparisons to be drawn between different groups of people.

2. Studying the effects contact lens wear has upon the immunoglobulins present in tears.

The long-term effects of lens wear on albumin, lipocalin and lactoferrin have been studied
as part of this thesis. It would have been interesting to also monitor changes that may take
place to the immunoglobulins present in tears. IgE was of particular importance at the
beginning of this study as it is known to be involved in allergic reactions and, as such, may
be an indication of a detrimental host reaction in response to lens wear. It was unfortunate
that this could not be carried out in this work, but the low tear volumes that were available
for analysis meant that it was only possible for the samples to be analysed using

electrophoresis and then blotted without visualising the bands as it was found that it was not
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possible to transfer the proteins from the gel to a membrane after they had been stained with
Coomassie Blue. It was felt that this approach would result in the loss of too much valuable
information and so it was deemed preferential that the samples were analysed
electrophoretically and stained. This meant that immunoglobulins were not a main focus of

the work carried out here.

3. Identification of all separated protein bands identified following electrophoresis.

There are at least eleven bands that are evident in a tear sample following electrophoresis.
They have not all been conclusively identified in the work that has been carried out in our
group to date. As the commercial availability of antibodies increases, it will become
possible for these unknown, or previously unconfirmed, bands to be positively identified.
Once all proteins present in tear samples have been identified, it should hopefully lead to a
better understanding of the nature of interactions that take place between the tear film and a

contact lens after insertion into the eye.

4. Diurnal Variation

A study was carried out to see whether any changes in diurnal variation could be observed
in individuals, and whether these changes were common in a population. This study
showed that there was no discernible pattern that could be found. However, this study was
carried out over a very short time period. Should this work be repeated using a larger
number of samples over a longer time period it may be possible to discover whether there is
any correlation between the tear protein composition and the time of day. It is likely that
there is a change of some description taking place to the tear fluid as many people
experience discomfort towards the end of the day. It would be very interesting to monitor
immunoglobulin concentrations simultaneously to see if they are able to provide some

insight into why this discomfort occurs.

5. Ultilising the tear envelope to monitor closed eye tear samples

Very little work has been carried out on the effects overnight lens wear has upon the ocular
environment. This is largely due to the complications associated with collecting a true

closed eye tear sample. The tear film begins to revert back to its normal open eye state as
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soon as the eyes are opened. Studies that have been carried out to date have relied on
samples that have been collected as soon as the eye is opened. It may be possible to apply
the technique of collecting the tear envelope from the eye immediately after the eyes have
opened. This is likely to be a truer representation of a closed eye tear sample than is
collecting a tear sample by conventional methods, which is also more time consuming than
removing a contact lens is and so would not allow the tear film as great an opportunity to
revert back to its open eye state. The tear envelope that is collected following a period of
eye closure could then be compared with one that has been worn throughout the day to

determine whether any differences between the two can be seen.

6. Defining parameters required for analysis of tear proteins

This thesis was concerned with the development of methods that enabled quantitative data
of tear protein concentrations to be generated. A certain degree of variability is always
likely when studying a biological fluid such as tears because of inherent differences

amongst individuals.

However, a further study is necessary to determine the variability associated with the
methodologies involved beginning with the actual collection of the sample. Using two or
three experienced personnel to collect the tears from a group of subjects it would be
possible to determine the degree of variability involved in collecting the tear sample. It is
important that a sample representative of a normal, basal, tear is collected. Stimulation is
known to affect the type of tear that is obtained. Certain individuals may be more proficient

in collecting non-stimulated tears than others.

By pooling the tears collected from an individual and running them on different gels, it
would be possible to determine the extent of variation that may exist in laboratory analysis.
This may occur in the gel itself or during electrophoresis. Gels sometimes distort as a result
of the current being too high. Although TotalLLab™ has features that are designed to allow
for this, it is likely that a distorted gel may produce results slightly different from a gel that

has been run under optimum conditions.
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By observing the defined parameters it would ensure that any observable changes taking
place to the tear film is a true representation of the tear film and not a result of experimental

€ITors.
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APPENDIX 1

Solution 1 — Extraction solution

Chemical Amount
Urea 40%
SDS 1%
DTT ImM
Tris 100mM

Solution 2 — Sample treatment buffer

Chemical Amount
Tris Cl, pH 6.8 2.5ml
10 % SDS 4.0 ml
Glycerol 2.0ml
2-mercaptoethanol 0.2 ml
Bromophenol blue 0.2 mg

Distilled water to 10 ml

Solution 3 — Acrylamide stock

Chemical Amount
Acrylamide 300¢g
Bis-acrylamide 08¢g
Distilled water 100 ml

Filter mixed solution (0.45 pm filter)

a1




Solution 4 — Tris HCI

Chemical Amount
Tris base 36.1g
Distilled water 150 ml
Filter mixed solution (0.45 pum filter)
Solution 5 - 10% SDS
Chemical Amount
SDS powder 100g
Distilled water to 100 ml
Solution 6 — 7.5%T solution
Chemical Amount
Acrylamide stock 2.5 ml
1.5M Tris HCI 2.5 ml
10% SDS 0.1 ml
Distilled water 4.9 ml
10% APS 50 pl
TEMED 5 ul
Final volume 10.0 ml
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Solution 7- 20%T solution

Chemical Amount
Acrylamide stock 6.6 ml
1.5M Tris HCI 2.5ml
10% SDS 0.1 ml
Distilled water 0.8 ml
10% APS 50 pl
TEMED S pl
Final volume 10.0 ml

Solution 8 - TEMED

Chemical Amount
TEMED 200 pl
Distilled water 2.5 ml

Solution 9 — 10% APS

Chemical Amount
Ammonium persulphate 0.15g
Distilled water to 2.5 ml

Solution 10 - Water-saturated n-butanol
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Solution 11 — Running buffer

Chemical Amount
Tris base (pH 8.3) l.16 g
Glycine 60g
SDS 04g
Distilled water 400 ml

Solution 12 — Preconditioning medium

Chemical Amount
Methanol 45.0 ml
Acetic acid 10.0 ml
Distilled water 45.0 ml

Solution 13 — Working stain solution

Chemical Amount
Preconditoning medium 8.0 ml
Reagent A 8.0 ml
Reagent B 8.0ml
Distilled water 16.0 ml

Solution 14 — Destain solution

Chemical Amount
Methanol 45.0 ml
Acetic acid 10.0 ml
Distilled water 45.0 ml

220




Solution 15 — Fixative solution

Chemical Volume
Methanol 200 ml
Acetic acid 40 ml
Fixative enhancer 40 mi
Distilled water 120 ml

Solution 16 — Developing solution

Chemical Volume
Distilled water 35 ml
Silver complex solution 5 ml
Reduction moderator solution 5 ml
Image development reagent 5 ml
Development accelerator solution 50 ml
Solution 17 — Anode solution 1
Chemical Amount
0.3 M Tris 363 ¢g
20% (v/v) methanol 200 ml
Distilled water 800 ml
Solution 18- Anode solution 2
Chemical Amount
0.025 M Tris 303¢g
20% (v/v) methanol 200 ml
Distilled water 800 ml
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Solution 19 — Cathode solution

Chemical Amount

0.04 M 6-amino-n-hexanoic acid 52g T
20% (v/v) methanol 200 ml
Distilled water 800 ml

Solution 20 — Tris buffer saline

Chemical Amount
Tris(aminoethane) 12.1¢g
NaCl 2922 g
Glycine 075¢g

Above solution dissolved in 800 ml and adjusted to pH 8.0 before being made up to
1000 ml with distilled water

Solution 21 — Blocking solution

Chemical Amount
Marvel (dry milk powder) 40 g
TBS 1000 ml

Solution 22 — BCIP/NBT

Chemical Amount
BCIP/NBT tablets 2 tablets
Distilled water 20.0 ml
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NON-CONTACT LENS WEARER
QUESTIONNAIRE (DEQ)

1.  Have you worn contact lenses at least 3 days a week, eight hours a day, in the past month?

1 Yes (please stop and fill out the contact lens wearer questionnaire)
2 No

2. Ifyou have wom contact lenses in the past, have you ever womn any of the following types of lenses?

Yes No
2 Rigid paspemmieable .isinianinesin s 1 2
b. Soft daily wear (lenses replaced after 1 year or longer) ..........cccc......... 1 2
c. Frequent replacement (lenses replaced after 1 month or longer) ........... 1 2
d. Disposable (lenses replaced daily or every 2 weeks) ..o 1 2
e. Extended wear (lenses worn overnight) ..o 1 2

3. How important was each of the following issues in your decision to stop wearing contact lenses?

Not at All Very Not
Important Important Applicable
a. Inevergotusedtothelenses .........ccooevnrerecnnennnnc1 2 3 4 5 0
b. The lenses were uncomfortable all day .......................1 2 3 4 5
The lenses were most uncomfortable
when Bk Put il ....cnsinimminmsmnsimasmios 1 2 3 4 5 0
d. The lenses became more uncomfortable
T Tl 1 g ) Ry | 2 3 4 5 0
& Myeyesteltdry ..cnnnennnenmmneaamnnis 1 2 3 4 5 0
f. The lenses felt scratchy and irritating ..............ccccooeee.e. 1 2 3 4 5 0
g. My vision was not clear enough ............c.ccccocvireirrrennnncs 1 2 3 4 5 0
h. My vision fluctuated throughout the day ...................... 1 2 3 4 5 0
1. Wearing contact lenses was too much trouble ..............1 2 3 4 5 0
j.  Contact lenses were t00 EXPEnsive ...........cccocecorececeecns 1 2 3 4 5 0
k. Icouldn't putthelensesineasily ...........ccccocoovevnnn. 1 2 3 4 5 0
I. Tcouldn'tsleepinthelenses ..........ccoooovvvivivevicinn. 1 2 3 4 5 0
m. [hadred or infected eyes .......ocooovorcecieiiceee 1 2 3 4 5 0
n. Other reason (please specify below) ......... SRRSO 1 2 3 4 5 0
3d. Whatis your age?
3e. What is your gender?
1 Male 2 Female
()
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4. Questions about EYE COMFORT:

a. During a typical day in the past week, how often did
your eyes feel uncomfortable?

Never (please skip to question 3)
Infrequently

Frequently

Constantly

Not Sure

S B W N e

When your eyes felt discomfort, how intense was this
feeling of discomfort. ..

b. Within the first two hours of getting up in the

morning?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
¢. Inthe middle of the day?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

d. Atthe end of the day (within the last 2 hours before
you went to bed)?

Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

5. Questions about EYE DRYNESS:

a. During a typical day in the past week, how often did
your eyes feel dry?

Never (please skip to question 6)
Infrequently

Frequently

Constantly

Not Sure

S B W -

2)

When your eves felt dry, how intense was this feeling of
drvness...

b. Within the first two hours of getting up in the

morning?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
c. In the middle of the day?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

d. Atthe end of the day (within the last 2 hours before
you went to bed)?

Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

6. Questions about BLURRY VISION:

a. During a typical day in the past week, how often
did your vision change between clear and blurry?
(This is often described as "foggy or steamy vision
that clears up when you blink.")

Never (please skip to question 7)
Infrequently

Frequently

Constantly

Not Sure

S A W ok -

When your vision was blurry, how noticeable was this
blurry vision. ..

b.  Within the first two hours of getting up in the

morning?
Not at All Very Not
Noticeable Noticeabl Sure
1 2 3 4 5 0



¢. In the middle of the day?

Not at All Very Not
Noticeable Noticeable Sure
1 2 3 4 5 0

d. At the end of the day (within the last 2 hours before
you went to bed)?

Not at All Very Not
Noticeable Noticeable Sure
1 2 &) £ <] 0

7. Questions about EYE SORENESS and
IRRITATION:

a. During a typical day in the past week, how often
did your eyes feel sore and irntated?

Never (please skip to question 8)
Infrequently

Frequently

Constantly

Not Sure

S B W N

When your eyes felt sore and irritated, how intense was
this feeling of soreness. ..

b. Within the first two hours of getting up in the

morning?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
c. In the middle of the day?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

)

d. Atthe end of the day (within the last 2 hours before
you went to bed)?

Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

8. Questions about EYE GRITTINESS and
SCRATCHINESS:

a. During a typical day in the past week, how often did
your eyes feel gritty and scratchy (as if a piece of
sand was in your eye)?

Never (please skip to question 9)
Infrequently

Frequently

Constantly

Not Sure

S B W -

When your eyes felt gritty and scratchy, how intense was
this fecling of grittiness and scratchiness. ..

b. Within the first two hours of getting up in the

morning?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
c. In the middle of the day?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

d. Atthe end of the day (within the last 2 hours before
you went to bed)?

Not at All Very Not
Intense Intense Sure
1 2 3 4 2 0



9. Questions about FEELING LIKE SOMETHING
ISINYOUREYE.

a. During a typical day in the past week, how often did
you have the feeling that "something" was in your
eye (as if a piece of sand was in your eye)?

1 Never (please skip to question 10)
2 Infrequently

3 Frequently

4 Constantly

0 Not Sure

When you felt as if something was in your eye, how
intense was this feeling...

b. Within the first two hours of getting up in the
morning?

Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
c. In the middle of the day?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

d. Atthe end of the day (within the last 2 hours before
you went to bed)?

Not at All Very Not
Intense Intense Sure

1 2 3 4 5 0

“)

10. Questions about EYE BURNING and STINGING:

a. During a typical day in the past week, how often
were your eyes buming and stinging?

Never (please skip to question 10)
Infrequently

Frequently

Constantly

Not Sure

S b W -

When your eyes were bumning and stinging, how intense
was this feeling of buming and stinging. ..

b. Within the first two hours of getting up in the

morning”
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
c. In the middle of the day?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

d. Atthe end of the day (within the last 2 hours before
you went to bed)?

Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0



3a.

3b.

3¢

3d.

3e.

CONTACT LENS WEARER
QUESTIONNAIRE (CLDEQ)

Have you worn contact lenses at least 3 days a week, eight hours a day, in the past month?

1 Yes 2 No (please stop and fill out the non-contact lens wearer questionnaire)

Do you currently wear any of the following types of lenses?

Yes No
g Rigid goas pemneable . ... usiinssmississsissasssss s e 1 2
b. Soft daily wear (lenses replaced after 1 year or longer) ...................1 2
c. Frequent replacement (lenses replaced after 1 month or longer) ........... 1 2
d. Disposable (lenses replaced daily or every 2 weeks) .........cccovvviinnee 1 2
e. Extended wear (lenses worn overnight) .........c.cccoooeeicneieicnicccieeeenens 1 2

How many days per week did you wear your lenses during a typical week during the past month?

days

How many hours per day did you wear your lenses during a typical day during the past week?

hours

How many hours have you womn your contact lenses today?

hours

What is your age?

What is your gender?

1 Male
2 Female

(h
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4. Questions about COMFORT:

a. During a typical day in the past week, how
comfortable did your contact lenses feel?

Very Very Not
Uncomfortable Comfortable Sure
1 2 3 4 A 0

b. During a tvpical dav in the past week. how
often did your eyes feel uncomfortable?

Never (please skip to question 35)
Infrequently

Frequently

Constantly

Not Sure

S B W -

When your eyes felt uncomfortable, how intense was
this feeling of discomfort...

¢. Within the first two hours of putting in your lenses?

Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
d. In the middle of the day?
Not at All Verv Not
Intense Intense Sure
1 2 3 4 5 0
e. Atthe end of your weaning time?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

2)

5. Questions about EYE DRYNESS:

a. During a typical day in the past week, how often did
vour eyes feel drv while wearing your contact
lenses?

Never (pleasc skip to question 6)
Infrequently

Frequently

Constantly

Not Sure

= L N

When your eyes felt dry, how intense was the feeling of

b. In general?

Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

c. Within the first two hours of putting in your lenses?

Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
d. At the end of your wearing time?
Not at All Verv Not
Intense Intense Sure
1 2 3 4 5 0

e. During a typical day in the past week, how often did
your eyes feel dry while not wearing your contact
lenses?

Never (please skip to question 6)
Infrequently

Frequently

Constantly

Not Sure

S AW N~



f.  In general, how intense was the feeling of dryness 7. Questions about EYE SORENESS and

while not wearing your lenses” IRRITATION:
Not at All Very Not
Intense Intense Sure a. During a typical day in the past week, how often

did your eyes feel sore and irritated while wearing

1 2 3 4 5 0 your contact lenses?

6. Questions about BLURRY VISION: 1 Never(please ship o question &)
2 Infrequently
3 Frequently
a. During a typical day in the past week, how often 4 Constantly
did your vision change between clear and blurry 0 ‘Nl Siite

while wearing your contact lenses? (This is often
described as "foggy or steamy vision that clears up

when you blink.") When your eyes felt sore and irnitated, how intense was

this feeling of soreness and irritation. ..

1 Never (please skip to question 7) 3

2 Infrequently b. Within the first two hours of putting in vour lenses?

3 Frequently

4. ‘Constantly Not at All Very Not

0 Not Sure Intense Intense Sure
1 2 3 4 5 0

When your vision was blurry, how noticeable was this

blurry vision...
¢. In the middle of the day?
b. Within the first two hours of putting in your lenscs?

Not at All Very Not
Not at All Very Not Intense Intense Sure
Noticeable Noticcable Sure [ 2 3 4 5 0

1 2 3 + 5 0

d. Atthe end of your wearing time?
c. In the middle of the day?

Not at All Very Not
Not at All Very Not Intense Intense Sure
Noticeable Noticeable Sure 1 2 3 4 5 0

1 2 3 4 5 0

d. At the end of your wearing time?

Not at All Very Not

.

Noticeable Noticeable Sure
1 2 3 4 5 0




8. Questions about EYE GRITTINESS and
SCRATCHINESS:

a. During a typical day in the past week, how often did
your eyes feel gritty and scratchy while wearing
your contact lenses?

Never (please skip to question 9)
Infrequently

Frequently

Constantly

Not Sure

= T

When your eyes felt gritty and scratchy, how intense was
this feeling of grittiness and scratchiness...

b. Within the first two hours of putting in your lenses?

Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
¢. Inthe middle of the day?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
d. At the end of your wearing time?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

)

9. Questions about FEELING LIKE SOMETHING
ISIN YOUR EYE:

a. During a typical day in the past week. how often did
you have the feeling as if "something" was in your
cye while wearing your contact lenses (as if a
piece of sand was in your eye)?

Never (please skip to question 10)
Infrequently

Frequentlv

Constantly

Not Sure

S B W =

When you felt as if something was in your eye, how
intense was this feeling. ..

b. Within the first two hours of putting in your lenses?

Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
c.In the middle of the day?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
d. Atthe end of your wearing time?
Not at All Very Not
Intense Intense Sure
1 2 3 4 S 0

10. Questions about EYE BURNING ard STINGING:

a. During a typical day in the past week, how often
were your eves buming and stinging while
wearing your contact lenses?

1 Never (please skip to question 11)
2 Infrequently

3 Frequently

4 Constantly

0 Not Sure



When your eyes were buming and stinging. how intense
was this feeling of buming and stinging. ..

b. Within the first two hours of putting in your lenses?

Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
¢. In the middle of the day?
Not at All Very Not
Intense Intense Sure
1 2 K] 4 5 0
d. At the end of your wearing time?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

11. Questions about LIGHT SENSITIVITY:

a. During a typical day in the past week, how often did
your eyes feel unusually sensitive to bright lights
while wearing your contact lenses?

Never (please skip to question 12)
Infrequently

Frequently

Constantly

Not Sure
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When your eyes felt unusually sensitive to bright lights,
how intense was this unusual sensitivity. ..

b. Within the first two hours of putting in vour lenses?

Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

¢. Inthe middle of the dav?

Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
d. Atthe end of your wearing time?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0

12. Questions about EYE ITCHING:

a. During a typical day in the past week, how often did
your eyes itch while wearing your contact lenses?

Never (please skip to question 13a)
Infrequently

Frequently

Constantly

Not Sure

S AW

When your eyes felt itchy, how intense was this feeling
of itchiness. ..

b. Within the first two hours of putting in your lenses?

Not at All Verv Not
Intense Intense Sure
1 2 3 4 5 0
¢. In the middle of the day?
Not at All Very Not
Intense Intense Sure
1 2 3 4 5 0
d. Atthe end of your wearing time?
Not at All Very Not
Intcnse Intensc Sure
1 2 3 4 5 0



13a. How often during the past month, did your eyes bother you so much that you felt as if vou needed to stop whatever
you were doing and take out your contact lenses? Please choose the answer that is closest to your situation.

Never (please skip to question 14)
Less than once a week

Weekly

Several times a week

Daily

Several times a day
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13b. When your eyes bothered you so much that you felt as if you needed to stop what you were doing and take out your
contact lenses, how much did each of the following symptoms contribute to this feeling?

Not Very Not

AtAll Much Sure
a. Eyediscomfort ...........c.ccocooooinnnn. 1 2 3 4 5 0
0 By daviiess oo 1 2 3 4 5 0
c. Eye soreness and irritation .................. 1 2 3 4 5 0
d. Eye grittiness and scratchiness ........... 1 2 3 4 5 0
¢. Eye buming and stinging .................... 1 2 3 4 5 0
£ Light Seasitivity ....cansnieid 2 3 4 5 0
g EYERChIng .....covmivnnmmsmimisin 2 3 4 5 0

13c. How often during the past month did your eyes bother you so much that you did remove your contact lenses?
Please choose the answer that is closest to your situation.

Never

Less than once a weck
Weekly

Several times a week
Daily

Several times a day
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14a. How many hours during a tvpical workday do you use a computer?

hours

14b. How many hours during a typical day when vou're not working do you use a computer?

hours

©6)



15. Are vou currently taking anv of the following medications?

Yes No
a.. Thyrold mEdISaHONS . ummanasmsmssammmsrasianie 2
b. Blood pressars mSCatONS ... s 1 2
c. Diabetes medications .............o.coccoovioiiorieiimeeeeeeceeeie s 1 2
o B ] R e R ST M P P 2
€ -ABCUANG s i 3 2
£ Heartconditon modiCaOns: . ... 1 2
8. Depression medications .............occoooovreeiornicciennieeeeen, 1 2
h. Ulcer mediCations .............cocoooo i 1 2
1. Oral contraceptives / hormone replacement therapy.................. 1 2

16a. Do you have any of the following allergies?

Yes No Don't Know
a. Seasonal allergies (Hayfever, "sinus") ... 1 2 3
b. Skin allergies (Dermatitis) ...............cocoooomeeeeveeeee e 1 2 3
O ABIIINA s sson e A S S o L S 1 2 3
d. Allergies to animals. ... 1 2 3
e. Allergies to pollen & mold ..o 1 2 3
E. ANerpies 10 1000 i miminmniniiimiesmnnrms 2 3
g. Allergies affecting your €yes ...............cocooeeremeeueeeeeinencesncneenn. 1 2 3
h. Allergies to contact lens SOIUtIONS .........cccooovveiiiirciccriiriieien. 1 2 3
1. Allergies to €ye drops ..........occooooiirereceeieeceieecnenececeeeeseeneens | 2 3

16b. Ifyou have taken any of the following medications for your allergies in the past year, how often did vou take them?

Lessthan Oncea  2-3 times More than Do Not
once a week  week a week Daily  once dailv Take
a. Antihistamimne pills or liquid ............. 1 2 3 4 5 0
b. Antihistamine eve drops ...................... 1 2 3 4 5 0
c. Decongestant pills or liquid ..............1 2 3 + 5 0
d. Decongestant eye drops ..........c.......... 1 2 3 + 5 0
& nasalinhalants cocmmemannnin i 2 3 o+ 5 0
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7. In the past month, how often have you experienced drvness of the mouth, nose or vagina? Please choose the answer
that is closest to vour situation
1 Never
2 Less than once a week
3 Weekly
4 Several times a week
5 Daily
18a. Have vou been told you have dry eye(s)?
1 Yes 2 No 3 Don't Know
18b. Ifyou use any of the following treatments, how much help do they provide?
No Help Complete Do Not
At All "Cure" Use
Artificial tears ......ccoovveeveivecicne 1 2 3 4 5 0
b. Contactlens rewetting drops .............. 1 2 3 4 5 0
c. Warm compresses
and/or eyelid cleaning .............ccccco.... 1 2 3 4 5 0
d. Punctal plugs or cauterization.............. 1 2 3 4 5 0
e. Removal of your contact lenses .......... 1 2 3 - 5 0
f. Other (lease specify below) ............... 1 2 3 4 5 0
19. Do you think you have dry eye(s)?
1 Yes 2 No 3 Don't Know
20. Have vou used artificial tears in the last month?
1 Yes (please answer questions 21, 22, and 23 below)
2 No (Thank You, that completes this survey)
3 Don't Know (Thank You, that completes this survey)

21. In the last month, 22.  In the last month, 23.  In the last month, about
about how many times about how many how much monev did vou
per day did you use bottles of artificial spend on the purchase of
artificial tears or tears or contact lens artificial tears or contact
contact lens rewetting rewetting drops did lens rewetting drops?
drops? you use?

) dollars
times bottles




QUESTIONNAIRE

Myopia questionnaire

Please state the average time spent (hrs per day) performing the following tasks:

Driving:

Reading and writing:
Meetings:
Computers/ VDT:
Sports:

Video games:

TV:

Crafts:

Eye Health questionnaire

Are you using re-wetting drops? If so, how often?

What CL solution are you currently using? Opti-Free or ReNu?

Do you CLs get dry and spilt and/or fall out of the eye? If so, how often?
Are you taking long-term medication? If so, can you state what are you
taking?

How would you classify your diet? 0= Worst, 10= Best.



PATIENTS’ SUBJECTIVE JUDGMENT

Ref: No. Visit:

Do you suffer from any of the symptoms below? Please mark the position on the scale that most adequately describes
if you have experienced any of the following symptoms. Parts of the scale are labelled but you are not restricted to
only using those positions:

Blurred vision Dryness
Variable vision Buming
Glare Itching
Photophobia Excess secretion
Lens handling problems Excessive tearing
No symptom Symptom unbearable No symptom Symptom unbearable

Please mark the position on the scale that most adequately describes your subjective judgment of the following:
Parts of the scale are labelled but you are not restricted to only using those positions:

Overall visual quality I

Comfort J1

Convenience

Ocular health

Patient appearance

Quality of life

Overall satisfaction
Worst Best

Did you experience any other problems?

If you are in the DW regime, how many hours a week do you wear your contact lenses?

If you are in the CW regime, how many times do you remove your lenses a week or a month?





