‘What comprises ocular surface?

*Corneal and conjunctival epithelium and tear film
What are the functions of the tear film?

Smooth refractive surface for clear vision, Removal of

debris, First line of defense and Supply of oxygen and
growth factors.

*Which glands contribute to the tear film ?

*Goblet cells, Meibomian glands, Lacrimal glands,
Accessory lacrimal glands (Krause and Wolfring),
Sebaceous glands (Zeis and Moll)
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What comprises  ocular surface?

Which tissues and glands contribute to tear film?

Lacrimal gland: orbital and peripheral 

Gland of Krauss2/3 rd of accessory lateral part of upper fronix

Also present in lower fronix

Glands of Wolfring; variabley located  structurally similar to main lacrimal gland; 30-40 in upper and 20-30 smaller in lower eyelid innervated by parasympathetic nerves; neurotransmitters acetyl choline and VIP; orifice opens at skin of the eyelid margin.

Less sympathetic nerves,  containing norepinephrine and NPY. 

sensory nerves sparse; subs P and calcitoningene related peptide







�


Describe the structure of the tear film and functions of each layer.

Mucin layer, aqueous layer and lipid layer.

Functions

Lipid layer: retards evaporation, optical properties, hydrophobic barrier to

prevent tear overflow, prevent damage to lid margin skin

Aqueous layer: Oxygen supply, maintain electrolyte composition,
antibactererila and antiviral, wash away debris

Mucin layer: trap cellular debris, foreign particles and bacteria, lubriacate
the eyelids as they pass over the globe.




TEAR FILM

LIPID LAYER
0.1 tm Meibomian Gland
(lipid)
AATEE P Lacrimal Gland
(water)
MUCIN LAYER
0.6um Goblet Cell
(mucin)

Epithelial cell

Microvillus With kind permission from Allergan

Failure to form adequate tear film results in
dry eye (keratoconjunctivitis sicca).
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Describe the structure of the tear film and functions of each layer.





The tear layer is thin but complex.  Projections from corneal epithelial cells have cell surface mucins, proteins decorated with large hydrophillic carbohydrates. These serve to stabilize the water layer near the surface making it gel-like.  More soluble mucins are added to the tears by goblet cells in the conjunctiva.  Evaporation is prevented by a very thin film of lipid in the outermost surface of the tears a lipid layer secreted by  meibomian glands in the eyelids.  The aqueous component is secreted by lacrimal gland.�


Compostion
Volume
Secretary rate
Turnover rate
Evaporation rate

Osmolarity

pH

98.2 % water and 1.8 % solid
7.4 nl

3.8 ul/ min

12-16%/min

0.06 pl/cm?/min

296-308 mOsm/L

6.5-7.6
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Lipid layer Meibomian gland Wax, cholesterol, fatty acid ester Lubrication, prevention of
Accessory lacrimal glands evaporation, stabillzation

Aqueous layer | Lacrimal gland Water Lubrication, antimicrobial,

Accessory lacrimal gland Electrolyte: Na*, K*, CI, HCO,~, Mg™ bacteriostasis, oxygen supply,
Proteins: albumin, lysozyme, lactoferrin, nutritional supply, mechanical
transferrin, ceruloplasmin, immunoglobuling clearance, requlation of cellular
(lgA, lgG, IgE, lgM) functions
Cytokines, growth factors: EGF, TGF-a,
TGF-f1, TGF-f2, bFGF, HGF, VECF, substance P
Other: glucose, vitaming

Mucous layer | Conjunctival goblet cells, conjunctival | Sulfernucin, cyalomucin, MUCT, MUC4, Lowered surface tension,
epithelial cells, comeal epithelial cells | MUCSAC stabilization of agueous layer
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The lipid layer contains oils secreted by the meibomian glands. provide a hydrophobic barrier that retards evaporation and prevents tears spilling onto the cheek. 

The aqueous layer contains water and other substances such as proteins (e.g. tear lipocalin, lactoferrin, lysozyme and lacritin) secreted by the glands and the lacrimal gland. The aqueous layer serves to promote spreading of the tear film, control of infectious agents and osmotic regulation. 

Electrolytes ,sodium, potassium, magnesium, calcium, chloride, bicarbonate, and phosphate responsible for the osmolarity of tears, acting as a buffer to maintain a constant pH and contribute to maintaining epithelial integrity of the ocular surface. An increase in osmolarity of the aqueous layer is a global feature of dry eye syndrome and damages the ocular surface directly and indirectly by triggering inflammation

The mucous layer contains mucin secreted by the conjunctival goblet cells. The inner-most layer of the tear film, it coats the cornea to provide a hydrophilic layer that allows for even distribution of the tear film, as well as 
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What provides stability to the tear film on the ocular surface
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What is glycocalyx?. 



Glycocalyx: glycolipid and glycoproteins embedded in hyprophobic lipid bilayer; Interacts with the mucin layer of the tear film

Provides stability to the tear film
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MUC gene Type

MUC1 Membrane bound
MUC2 Secretory,
MUC4 Membrane-bound, soluble form,

MUCS5AC  Secretory, gel forming
MUCS5B Secretory, gel forming
MUC7 Secretory, soluble
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Mucins are high molecular weight glycoproteins that are heavily glycosylated: 50% to 80% of their mass can be attributed to their carbohydrate side chains.2 Tandem repeats of amino acids rich in serine and threonine found in their protein backbone serve as sites for O-type glycosylation.3,4 Heavy glycosylation imparts an overall negative charge to the glycoprotein, making the mucins highly hydrophilic and able to admix with the aqueous layer and maintain water on the surface of the eye.
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Functional peptides of tears

Growth factors

Association

Epidermal growth factor (EGF)

Transforming growth factor alpha (TGF-ct)
Transforming growth factor beta-1 (TGF 5-1)
Transforming growth factor beta-2 (TCF [i-2)
Hepatocyte growth factor (HGF)

Basic fibroblast growth factor (FGF-2)
Vascular endothelial growth factor (VEGF)
Platelet derived growth factor-BB

Epithelial wound healing.

Tear concentration higher than saliva or serum
Wound response

Wound response

Found in normal tears, increases after wounding
Wound response

Wound response

Wound response, increases after wounding

Did not change after PRK

Neuropeptides
Substance P
Calcitonin gene related peptide

Wound healing, neurogenic inflammation
Wound healing, neurcgenic inflammation

Interleukins

IL-4

IL-Te, IL-TP

IL-2, IL-4, IL-6, IL-8, IL-10

Increases in vernal conjunctivitis
Elevation of IL-1 in dry eye patients
Increases with contact lens wear, ocular allergy

Immunoglobulins
IgA, IgE, 1gG{1—4) and complement

Ocular allergy

Proteases
MMP-1, MMP-3, MMP-2, TIMP-1, capthepsin,
alpha2-macroglobulin

Role in pterygium migration and vernal
keratoconjunctivitis, protection of the ocular surface

Antimicrobial Peptides
Lysozyme, lactoferrin, ¢ and [ defensins, phospholipase A2

Increases in infections, wound healing, may
decrease in dry eye
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Proteins in the tear and their associations�


Nerepinephrine

Basolateral plasma
cyclase membrane

G-protein
complex

5 AMP

cAMP Protein
phosphodiesterase kinase A

. Protein-P
Protein active

inactive / \

Apical plasma membrane

Exocytosis \/ lon transport
Lumen

Epithelial cell. Schematic of 3’,5’-cyclic adenosine monophosphate (cAMP}-
dependent signaling pathway activated by vasoactive intestinal polypeptide (V/FP) or norepmeph—
rine to stimulate mucin, protein, or electrolyte and water secretion in epithelial cells. 5" AMP =
adenosine 5-monophosphate, ATP = adenosine 5’-triphosphate, Gg., = B- and y-subunits of
guanine nucleotide-binding protein, G, = stimulatory a-subunit of guanine nucleotide-binding
protein, GDP = guanosine 5’-diphosphate, Protein-P = phosphorylated (activated) protein. (Mod-
ified from Dartt DA. Regulation of tear secretion. Adv Exp Med Biol. 7994,350:5.)




ACh or
Norepinephrine

Phosphatidylinositol ;
4,5-bisphosphate 1,2-Diacylglycerol
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embrana

Protein Protein
kinase C inactive

. Ca=—"_\ Protein-P
Inositol v Calmodulin active

Protein Protein-P

"~ 1,4,54riphosphate ! !
Y inactive active
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receptor

Endoplasmic
reticulum

Apical plasma membrane

|
Exocytosis ' lon transport
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) Epithelial cell. Schematic of Ca?*/protein kinase C—-dependent signal transduction
pathway activated by cholinergic and a,-adrenergic agonists in epithelial cells to stimulate
mucin, protein, or electrolyte and water secretion. ACh = acetylcholine, Gagq = /11 subtype
of guanine nucleotide-binding protein, Protein-P = phosphorylated (activated) protein. (From
Dartt DA. Regulation of tear secretion. Adv Exp Med Biol. 1994;350:4.)




Rheumatoid arthritis
Sjogren syndrome

Ocular Surface Epithelial Disease
Secretory Dysfunction (Keratoconjunctivitis Sicca)
Lacrimal gland Hyperosmolar

Meibomian gland {ari

A\

Ocular Surface Inflammation

$

-» MMPs Apoptosis

Female Qenqer Adhesion T-cell
Androgen deficiency  molecules infiltration

A
Y
Cytokines ‘
Chemokines

Inflammatory mediators in keratoconjunctivitis sicca. MMPs = matrix metallopro-

teinases. (Reproduced with permission from Pflugfelder SC. Antiinflammatory therapy for dry eye. Am J Ophthalmol.
2004;137(2):338.)




 Tear Film Dysfuction will be discussed by:
e Dr. Francis Mah
e Date: 08/26/2009 - 7:00am



http://www.ophed.com/node/1774
http://www.ophed.com/node/1774

TEAR SECRETION

Schirmer |

Schirmer Il (reflex tear secretion in
response to nasal stimulation)

Phenol Red Thread Test
Meniscometry (tear meniscus radius)

TEAR FILM STABILITY

Tear Break-Up Time

Ocular Protection Index

Tear Film Stability Analysis System
(videoscopy)

TEAR TURNOVER

OCULAR SURFACE EVALUATION
Fluorescein

Rose Begal

Lissamine Green

TEAR FILM OSMOLARITY
Tear Film Osmolarity
Tear Ferning

Tear Evaporation

LIPID LAYER EVALUATION
Interferometry
Meibometry
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Optical properties-trensparency, surface smoothness , contour, refractive index. 



Three cell layers with distinct cell type and physiological function

Epi-smooth protective, tear film, Highly innervated 

Nerves: 300-400 times denser than skin

Sensory nerves derived ciliary nerve of the ophthalmic branch of trigeminal nerve alos contains sympathetic autonomic nerve

Stroma structural backbone 

Endothelium pumps ions and proper degree of hydration preventing adema and loss of corneal clarity

Collagen less than ½ w lengh of light 400-700nm
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LiMBUS

Limbus
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How is the corneal epithelium continuously renewed?



Corneal epithelial cells migrate centripetally and from the basal cell layers toward the surface eventually dying and desquamating at the surface  They are replaced by cell division by basal cells.  A small population of cells in the limbus, localized in specialized grooves known as ‘palisades of Vogt” are considered to be limbal stem cells. These produce daughter cells known as ‘transient amplifying’  (TA ) cells that give rise to new basal cells of the corneal epithelium.  Loss of these cells through chemical burns results in limbal stem cell deficiency.  The cornea becomes conjunctivalized, vascularized and loses transparency. Trnasparency can be restored by transplanting limbal tissue or by stem cell therapy.�


Intrinsic differences between stem cells and transient amplifying cells

Stem cells

Resistant to tumor promoters

Poorly differentiated with primitive cytoplasm

High capacity for error-free self renewal

Slow cycling during homeostasis

Long life span

Transient amplifying cells

e Susceptible to tumor promoters

e Less primitive than differentiated
cells

e Differentiate into post-mitotic and
terminally differentiated cells

e Divide more frequently

e Limited proliferative potential
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Thymidine incorporation studies showing that minor wounds heal by limited proliferation of the basal cells in the central cornea.�
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Stroma
Sympathetic
Nerve

Neurotransmitters and transport mechanisms in the corneal epithelium [5,
11,17, 55, 57, 58, 104, 110]. Ach = acetylcholine; AC = adenylate cyclase; p =
beta receptor; GC = guanylate cyclase; Lac = lactate; M = muscarinic receptor; NE =
norepinephrine; cAMP = adenosine 3':5'-cyclic phosphate; ATP = adenosine triphos-
phate; cGMP = guanosine 3’:5" -cyclic phosphate; GTP = guanosine triphosphate.

Amphotericin B and Ag* create cation channels

Ouabain inhibits Na* transport inhibit

Catecholamines stimulate Cl- secretion
Propranolol and timolol block
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Structure of cell–matrix junctions in the cornea. Sections of rat cornea were subjected to immunofluorescence staining (green) with rabbit

polyclonal antibodies to the integrin a5b1 heterodimer, to the integrin a5 subunit, or to the integrin b4 subunit. Nomarski differential interference

contrast images were combined with the fluorescence images (upper panels). Scale bar 50 mm. The electron micrograph (lower middle panel) reveals

hemidesmosomes (HDS) as high-density plaques, at which tonofilaments converge, in the cytoplasm of basal epithelial cells at the interface with the

basement membrane (BM) of the human cornea. Magnification 120000. Scale bar 50 nm. Schematic representations of focal contacts and

hemidesmosomes are shown in the lower left and right panels, respectively. Abbreviations: FN, fibronectin; TN, talin; VN, vinculin; FAK, focal

adhesion kinase; PAX, paxillin; a-act, a-actinin; AF, actin filament; LN-5, laminin-5; BP180 and BP230, bullous pemphigoid antigens 180 and 230;

HD1, hemidesmosome 1 antigen; KF, keratin filament.�
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TEM: Epithelial cells’ tight attachment to BM is important  for stability

Hemidesmosomes at the termination of IF and FA at actin filments 

Anchorign fibrils �
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