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ABSTRACT 

 

CYCLOOXYGENASE-2 EXPRESSION IN FELINE EYES WITH AND WITHOUT 

UVEITIS 

 

Zhi Hui Sim     Advisor: 

University of Guelph, 2016     Dr. Chantale Pinard 

 

 Uveitis is one of the leading causes of blindness in cats, and an important potential therapeutic 

target is cyclooxygenase-2 (COX-2). This case-control study aimed to localize and quantify 

COX-2 expression in feline eyes with and without uveitis, and to further determine whether 

COX-2 expression correlates with the severity of uveitis. Diseased feline eyes were first 

histologically categorized as lymphocytic-plasmacytic uveitis, neutrophilic uveitis, and diffuse 

iris melanoma with or without uveitis. The severity of inflammation and COX-2 expression were 

scored in H&E and immuhistochemical-stained histologic sections, respectively. Uveal COX-2 

expression was only detected in uveitic eyes although COX-2 expression was also identified in 

the cornea, conjunctiva, and vitreous chamber. Statistical analysis revealed significant positive 

correlation of uveal COX-2 expression with severity of uveitis, but no significant association of 

COX-2 expression with either therapy or sequelae. These data suggest that COX-2 may play a 

pathophysiologic role in feline uveitis.
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CHAPTER 1: LITERATURE REVIEW 

Introduction: Feline Uveitis 

Uveitis is defined as inflammation of the vascular tunic of the eye, the uvea. This condition is 

a common feline ocular disease that can be acute or chronic, mild or severe, painful and vision-

threatening.1-3 Uveitis is recognized as one of the leading causes of blindness in cats.4 

Approximately 24% of feline patients presented to the Ontario Veterinary College Small Animal 

Clinic Ophthalmology Service between 2001 and 2011 were diagnosed with uveitis.5 

Uncontrolled uveitis can lead to blinding sequelae such as posterior synechiae,6 lens luxation,7 

cataract,6 glaucoma,8 and retinal detachment.3 Appropriate treatment with anti-inflammatory 

drugs should be initiated immediately after the diagnosis, regardless of the cause.3,6,9 Although 

topical corticosteroids are the classic therapy choice, this class of drugs may be contraindicated 

in a subset of feline uveitis cases and therefore investigation into the use of NSAIDs is warranted.  

In order to determine if NSAIDs are an appropriate therapy against the molecules mediating 

uveal inflammation, this project will seek to answer if cyclooxygenase-2 (COX-2), a key 

inflammatory mediator and the target of NSAIDs, is expressed in feline eyes with or without 

uveitis.  

1. Anatomy and Physiology of the Uvea 

The uvea, the vascular tunic of the eye, is located between the outer fibrous (corneoscleral) 

tunic and the inner neurosensory (retinal) tunic of the eye. It is composed of three structures: the 

iris and the ciliary body anteriorly (anterior uvea), and the choroid posteriorly (posterior uvea).  

The iris is divided into the anterior border layer; the stroma containing blood vessels and the 

sphincter and dilator muscles; and the posterior epithelial layers.10 At the anterior border layer, 
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fibroblasts and melanocytes lack a basement membrane and form a semi-continuous layer with 

their cellular processes. Numerous small openings with large intercellular spaces and extension 

of underlying melanocyte processes break this continuity.10 The lack of tight junctions on the 

anterior iridal lining permits free exchange of fluids and solutes between the stroma and the 

anterior chamber.11 In the posterior stroma, the iridal capillary endothelium is not fenestrated but 

a gap of 4 nm between the intercellular junctions exists in cats.12 Prostaglandin receptors (EP1
13 

and FP13,14) have been demonstrated to exist in the iris sphincter muscles of the feline eye. The 

base of the iris as well as the anterior face of the ciliary body forms the iridocorneal angle as it 

joins the cornea. 

The ciliary body, a posterior continuation of the iris, is composed of ciliary muscles and 

ciliary processes. Each ciliary process is comprised of a central core of stroma and blood vessels 

covered by a double layer of ciliary epithelium. The inner epithelium is non-pigmented, forms a 

complete internal monocellular lining of the ciliary body, and produces aqueous humour (AH). 

AH provides nourishment to and removes waste from the cornea, iris, and lens. This dual 

purpose of the AH maintains the transparency and functions of these structures.15,16 Aqueous 

humour outflow is regulated through the iridocorneal angle (conventional outflow) and uveal 

parenchyma (non-conventional or uveoscleral outflow).1 The continuous sweeping action of AH 

maintains the level of plasma constituents in the ocular chambers.11 Researchers have found 

prostaglandin receptors EP1,13 EP2,  and DP17,18 in the feline ciliary muscles. Other researchers 

have detected the leakage of prostaglandins and cytokines such as interleukins (ILs) and tumour 

necrosis factors (TNFs) into the AH during intraocular inflammation using enzyme 

immunoassay in humans19 and dogs.20  
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The choroid is the posterior aspect of the uveal tract. It lies between the sclera and the retina, 

connects anteriorly with the ciliary body and terminates at the optic nerve posteriorly. It is 

composed of layers of pigmented supportive tissues and blood vessels, which distribute nutrition 

and oxygen to the immediately adjacent outer retina.4 The choroid can be divided into four layers 

based on their morphology: the suprachoroidea, the stroma with large vessels, the stroma with 

medium-sized vessels and tapetum, and the choriocapillaries.4  

1.1 Blood-Ocular Barriers 

Two blood-ocular barriers containing epithelial and endothelial tight junctions with varying 

degrees of permeability are present within the eye: the blood-aqueous barrier and the blood-

retinal barrier.  

The blood-aqueous barrier (BAB) is comprised of two portions,11 which are the epithelial 

portion formed by the tight junctions between the non-pigmented ciliary epithelium, and the 

endothelial portion formed by the non-fenestrated endothelium of the iridal capillaries.21 These 

epithelial and endothelial tight junctions prevent almost all protein movement and are also 

effective against solutes with low molecular weight, such as fluorescein and sucrose.4 As a result, 

AH has a low concentration of protein, which is about 200 times less than that of blood plasma.22  

The blood-retinal barrier (BRB) separates the choroidal tissue fluid from the retinal tissue 

fluid. The BRB is also comprised of two portions, which are the epithelial portion formed by the 

retinal pigment epithelium, and the endothelial portion formed by the endothelium of the retinal 

capillaries.4 This non-fenestrated capillary endothelium, together with the presence of tight 

junctions, prevents both inward and outward movement of materials from the retina. Hence, the 
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BRB is more efficacious to prevent passage of molecules than the BAB because despite the 

presence of the BAB, proteins can pass into the AH through pinocytosis or through fenestrations 

in the ciliary vessels.4  

There is a marked dissimilarity in the stability of BABs among different species of animals. 

Primates and birds generally have very stable barriers and rabbits have the least stable barriers, 

whereas the BABs of dogs and cats have intermediate stability.4 The relative stability of the BAB 

among different tested species is ranked in decreasing order as follows: chicken > duck > rhesus 

monkey > owl monkey > cat > guinea pig > rabbit.23 The primate (including human) eye is 

considered to be the most stable and the least sensitive to insult.23-25 The stability of the BAB is 

positively related to the animal’s visual acuity and/or dependence on visual function, but 

inversely to the ocular inflammatory response.23 Species differences in the inflammatory 

response are related to anatomical differences in the iris-ciliary complex. Rabbits are most prone 

to ocular inflammation and have extensive iridal processes and a ciliary ridge with squamous 

epithelium across which the BAB can be breached.26 In another study, BAB stability among 

mammals was related inversely with the degree of lateralization of the eye, yielding a ranking of 

BAB stability of primate > cat > dog > pig > sheep > rabbit.27     

1.2 Causes of Feline Uveitis 

Disruption of the BAB results in intraocular inflammation, namely uveitis, due to several 

causes. These causes can be exogenous or endogenous in nature. Examples of exogenous causes 

include trauma, radiation exposure, drug-induced reaction, and corneal ulceration.1,3,28 

Endogenous uveitis results from infections, immune-mediated processes, neoplasia, or metabolic 

diseases.1,3,28 Trauma plays a significant and direct role in the pathogenesis of uveitis,3 and 
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diffuse iris melanoma is the most commonly encountered neoplastic condition that occurs 

concurrently with feline uveitis,9 which is usually seen in senior cats.29 Table 1.1 summarizes the 

causes of feline uveitis.  

Potential causes of uveitis are diverse and can also be difficult to diagnose at times. The 

presence of uveitis is often associated with underlying systemic diseases.1-3 Up to 70% of feline 

uveitis cases were linked to a systemic pathologic process as reported by Chavkin et al.30 

However, Davidson et al found that as many as 70% of cats with uveitis do not have an 

identified cause despite a thorough investigation.31 Similar to Davidson’s finding, a retrospective 

study conducted by Peiffer et al showed that idiopathic lymphocytic-plasmacytic uveitis is the 

most common type of uveitis in cats.32  

In a recent review,33 it was hypothesized that most cases of uveitis are immune-mediated as 

uveitis can be induced in laboratory animals by provoking an immune response (normally 

induced by immunization with retinal autoantigens) and non-infectious uveitis commonly 

responds to therapeutic immunomodulation. Immune-mediated uveitis is thought to represent an 

imbalance between pro- and anti-inflammatory host immune mechanisms.  

1.3 Predilection 

Cats of all breeds, ages, and gender can be affected by uveitis.1 In one study of idiopathic 

uveitis, males (either intact or neutered) were found to be more commonly affected and the mean 

age of affected cats ranged from eight to nine years.34 The true incidence of all causes of feline 

uveitis remains unknown, but geographic location may influence the incidence of feline uveitis 

due to certain infectious causes. For example, bartonellosis occurs worldwide, but 

seroprevalence is highest in warm and humid climates with highest flea populations.35  
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1.4 Clinical Signs and Sequelae of Feline Uveitis 

The clinical presentation of feline uveitis is variable and usually non-specific to the cause.3 A 

comprehensive description of clinical signs of uveitis is shown in Table 1.2.  

As a sequela to chronic uveitis, there are several possible clinical presentations. Posterior 

synechiae can be detected when the pupillary margin adheres to the anterior lens capsule. A 360° 

posterior synechiae occludes the aqueous flow from the posterior chamber into the anterior 

chamber through the pupil, resulting in iris bombé and secondary glaucoma. Chronic uveitis has 

been identified as a leading cause of glaucoma in cats.8,36,37 In addition, lens luxation occurs due 

to the degradation of zonular fibres caused by the accumulation of inflammatory products within 

the AH;38 this is the leading cause of lens luxation in cats.7 Cataract develops due to chronic 

uveitis when the inflammatory mediators diffuse across the lens capsule, causing metaplasia, 

necrosis, or posterior migration of the lens epithelium; and degeneration, liquefaction, or 

necrosis of the lens fibers.39,40 In one report,34 cataracts occurred in approximately 36% of cats 

with idiopathic lymphocytic-plasmacytic uveitis and in 22% of cats with anterior uveitis and 

concurrent systemic diseases. A common and potentially serious sequela of cataract formation is 

lens-induced phacolytic uveitis that will exacerbate any uveitis present.  

Loss of vision can occur with severe or chronic uveitis. One study reported that blindness or 

visual impairment occurred in 72% of cats with uveitis complicated by systemic disease.34 

Blindness can happen when the entrance of light into the eye is impaired (due to aqueous flare, 

hyphema, or hypopyon formation) or when the retinal translation of light is impaired (due to 

retinal detachment following effusion from the inflamed and leaky choroid blood vessels). 
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1.5 Histologic Features of Uveitis 

During acute inflammation, neutrophils migrate into the anterior chamber and appear 

clinically as hypopyon. This is often associated with bacterial infection or trauma-induced sepsis.  

In chronic uveitis, lymphocytes and plasma cells leak into the AH and adhere to the iris and 

corneal endothelium. This appears clinically as fine granular precipitates in the anterior 

chamber.41 Lymphocytic-plasmacytic inflammation is a common non-specific finding that is a 

key diagnostic feature of idiopathic uveitis. It also suggests the possibility of a chronic 

immunosuppression as seen in feline immunodeficiency virus (FIV) infection and 

toxoplasmosis.42 Phacolytic uveitis (associated with resorption of hypermature cataracts in which 

there is rupture of the lens capsule and release of lens proteins) can also lead to lymphocytic-

plasmacytic inflammation.6 The typical histologic features of chronic uveitis in cats include 

diffuse or nodular infiltrates of lymphocytes and plasma cells in the uvea.  

Granulomatous inflammation, characterized by large numbers of macrophages, occurs when 

the presence of a resistant or repetitive stimulus, such as mycotic or intracellular organisms, 

immunologic reactions (feline infectious peritonitis virus or FIP), foreign bodies, or antigenic 

lens fibers (due to phacoclasis caused by disruption of the anterior lens capsule and leakage of 

lens proteins), stimulates the macrophage system.41 Chronic macrophage inflammation is often 

accompanied by formation of epithelioid and/or multinucleated giant cells surrounding the 

inciting stimulus. 

Pre-iridal fibrovascular membranes (PIFMs) are also detected in some cases of chronic 

uveitis. These membranes form on the anterior surface of the iris,8,43 and extend from there 
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across the anterior face of the iridocorneal angle. This may result in glaucoma due to the 

impaired flow and drainage of AH.  

Diffuse iris melanoma originating from the anterior iridal border can be associated with 

uveitis, especially when neoplastic melanocytes extend into the iridocorneal angle, grow into the 

ciliary body, and infiltrate the sclera and cornea. These commonly result in secondary intraocular 

changes such as glaucoma and, in some cases, mild uveitis.41  

1.6 Clinical Diagnosis 

In cases of suspected uveitis, a minimum ophthalmic database should include a complete 

history and a thorough ophthalmic examination.3 An ophthalmic examination entails a neuro-

ophthalmic examination (dazzle reflex, menace response, pupillary light reflex, and palpebral 

reflex), a Schirmer tear test, a fluorescein stain uptake, a tonometry, and direct and indirect 

ophthalmoscopies.3 Fluorescein staining rules in/out the presence of ulcerative keratitis that leads 

to reflex uveitis.44   

Tonometry aids in a diagnosis of uveitis by comparing the intraocular pressure (IOP) to the 

reference range. In primary uveitis without secondary glaucoma, an IOP lower than 10 mmHg or 

a difference of 10 mmHg in IOP between the normal eye and the affected eye is due to impaired 

AH production and increased uveoscleral outflow of AH following the inflammation.3 

Conversely, the IOP of the affected eye will be elevated and higher than the contralateral eye if 

secondary glaucoma develops; this is frequently caused by inflammatory debris in the 

iridocorneal angle resulting in impaired AH outflow, by mechanical AH outflow interruption due 

to posterior synechiae formation or formation of a PIFM across the pupillary space or 

iridocorneal angle.1,3    
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Most cases require additional diagnostic tests to determine the primary cause of uveitis. 

These tests include a comprehensive physical examination, a complete blood count (CBC), a 

serum biochemical profile, or a urinalysis.3,28 Depending on the geographic location and 

compatibility of the presenting signs, a serologic titre for infectious agents may be recommended 

(Table 1.1).28 Based on the differential diagnoses, further advanced examination includes ocular 

ultrasonography, thoracic radiography, abdominal ultrasonography, extraocular aspirates (lymph 

nodes, palpable masses, and cutaneous lesions), cutaneous biopsy, ocular aspirates (anterior 

chamber paracentesis, vitreous humour paracentesis, and subretinal aspirate), and ocular 

histopathology.1,3,28 Ocular histopathology can identify a definitive cause in most cases of feline 

uveitis,8 except in cases of lymphocytic-plasmacytic uveitis. 

2. Intraocular Inflammation 

Inflammation is the active response of live tissues to injury. The eye releases chemical 

mediators from the sensory nerve endings in response to an injury, a noxious stimulant, or an 

immune process.26 These chemical mediators are produced in the microvasculature of the uvea 

functioning as either the direct mediator of inflammation or the effect-modulator of released 

mediators.45 The resultant intraocular inflammation commonly leads to undesirable events such 

as fibrosis, loss of ocular clarity, formation of vitreal membranes, and development of 

cataracts.42  

Regardless of the underlying cause, these chemical mediators are released following a uveal 

injury and lead to the BAB breakdown, which is the hallmark of onset of uveitis.4,28 BAB 

disruption allows the entry of proteins, additional inflammatory mediators (cytokines and 
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chemokines), and inflammatory cells into the uveal stroma and ocular media (aqueous and 

vitreous), resulting in the clinical manifestations associated with uveitis.3,6  

2.1 Arachidonic Acid Cascade 

Following cell injury, arachidonic acid (AA) is released by the enzyme phospholipase A2 

from the cell membrane phospholipid and then metabolized via two pathways: cyclooxygenase 

and lipoxygenase. Metabolites of the AA cascade, also known as eicosanoids, include 

prostaglandins (PGs), thromboxane (TXA2), and leukotrienes (LTs).45,46 The AA metabolic 

pathways are reviewed in Figure 1.1.  

The cyclooxygenase (COX) pathway produces prostanoids, which include biologically active 

PGs (PGE2, PGF2α, and PGD2), as well as prostacyclin (PGI2) and TXA2. The lipoxygenase 

(LOX) pathway, on the other hand, metabolizes AA to form hydroperoxyeicosatetraenoic acids 

(HPETE), hydroxyl-eicosatetraenoic acids (HETE), and leukotrienes (LTs) that include LTB4, 

LTD4, LTC4, and LTE4.  

3. Introduction to COX-1 and COX-2 

In the COX pathway, COX enzymes catalyse conversion of AA to prostanoids. These COX 

enzymes exist as two different isoforms, namely COX-1 and COX-2. A variant of COX-1 known 

as COX-3, which is sensitive to acetaminophen, was identified to play a role in central control of 

pain in dogs.47,48 

COX-1 expression is predominantly constitutive and expressed in almost all tissues. It is 

involved in normal homeostatic physiologic activities such as cytoprotection of gastric mucosa, 

maintenance of renal perfusion, and aggregation of platelets.49,50 The constitutive expression of 



 
 

11 
 

COX-2, however, is only found contributing to homeostasis in the central nervous system, the 

kidney, the vascular endothelium, the reproductive tract, and the gastrointestinal tract.50,51   

COX-2 is predominantly induced during ovulation,52 inflammation, wound healing, and 

neoplasia.49-51 Furthermore, agonists such as cytokines (e.g. IL-1, IL-2, and TNF-α), growth 

factors, hormones, bacterial endotoxins (lipopolysaccharide), and oncogenes have been shown to 

induce COX-2 expression.49,53,54   

Because COX-2 is specifically up-regulated in many tissues during inflammation, this 

enzyme is the focus of the remainder of this literature review and project. 

3.1 COX-2 Expression in the Eye 

The conjunctival and uveal COX activity in the rabbit and human eyes is greater than LOX 

activity.55 COX-2 is expressed constitutively in the ciliary body of dogs and the retina of 

newborn piglets.56 Overexpression of COX-2 is also reported in ganglion cells of the healthy 

mouse, rat, and pig retina, as well as amacrine cells and outer plexiform layer of normal mouse 

and rat retina.56  

Several studies have reported COX-2 expression in ocular tissues with disease. COX-2 is 

expressed in the optic nerve head of human glaucomatous eyes and in the retinal astrocytes of 

human patients with diabetic retinopathy;56 however, loss of COX-2 expression has also been 

reported in the human ciliary body associated with primary open-angle glaucoma and steroid-

induced glaucoma.57 In rabbits, COX-2 expression has been demonstrated in the anterior uvea of 

glaucomatous eyes and in the corneas following keratectomy.56 Similarly, COX-2 expression is 

up-regulated in the cornea, sclera, ciliary body, and trabecular meshwork in glaucomatous dog 
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eyes.56,58 Marked COX-2 expression has also been reported in the corneal epithelium, stroma, 

and endothelium, with occasional immunoreactivity in the stromal cells of the filtration angle 

and iris in dog eyes with keratitis.59 Moreover, COX-2 expression is greater in the conjunctiva of 

mice and rats with keratitis, retina of pigs following retinal ischemia, and astrocytes of mouse 

and rat retinas with ischemic proliferative retinopathy.56 COX-2 expression in equine ocular 

squamous cell carcinomas has also been reported.51,60 Lastly, COX-2 expression was found in 

the neoplastic and inflammatory cells of human uveal melanomas61 and canine ocular 

melanomas,62,63 where COX-2 expression was significantly greater with malignancies.63 

Presently, no studies have specifically determined or evaluated COX-2 expression in healthy 

or inflamed feline ocular tissues. One study64 reported the separation of various AA metabolites 

(i.e. PGF2α, PGE2, TxB2, and PGD2) in normal ocular tissues by high performance liquid 

chromatography in several species including cats. The anterior uveal COX activity of tested 

species was ranked in a descending order as: cat > albino rabbit > dog > human > cow.64 

3.2 Prostaglandins: The Products of COX-2 

Prostaglandins have been described in the eye: the iris was among the first tissues in which 

PGs of the E and F types were identified.65 Subsequently, the release of AA from the cell 

membranes and its role as the first step in PG synthesis were identified in 1980.66 The anterior 

uvea and other ocular tissues are capable of synthesizing most, if not all, of the eicosanoids55 

with significant species difference in the relative proportions, types, and locations of the 

produced metabolites. Prostaglandins are found constitutively in the human anterior uvea and 

outer plexiform layer of retina;56 rabbit anterior uvea,55,67 conjunctiva,55 and cornea,56 as well as 
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cynomolgus and rhesus monkey conjunctiva and eyelid.55 The synthesis of PGs has also been 

reported in the iris and ciliary body of cats, dogs, and cows.64  

PGs are one of the primary mediators of ocular inflammation.20,68 Intraocular PGE2 

concentration increased up to 200-fold during episodes of uveitis in rabbits.69 Similarly, models 

of anterior chamber paracentesis-induced uveitis have shown increased PGE2 in aqueous humour 

samples20,68 alongside inducible nitrites and nitrates.20 Inhibition of AA cascade significantly 

reduces or prevents signs of ocular inflammation.70,71 This negative association is supported by 

several other studies that reported inhibition of the BAB breakdown with prophylactic treatment 

using either systemic or topical NSAIDs.72-80   

Ocular tissues have a limited capacity to metabolize and inactivate PGs due to their lower 

activity of 15-hydroxy-prostaglandin dehydrogenase (15-PGDH).81-88 Prostaglandins are 

removed from the ocular tissues via an active transmembrane transport at the anterior uvea for 

inactivation at a distant site.71,89 During an inflammatory response, however, PG production 

increases and inadequate removal of PGs from the ocular tissues results in an accumulation of 

PGs in the AH.71,90 This contributes to the development of intraocular inflammation. 

3.3 Effects of Prostaglandins in the Eye 

Uveitis is mainly mediated by the activation of sensory elements in the anterior uvea and the 

release and actions of PGs.25 The release and accumulation of PGs lead to breakdown of the 

BAB, changes in the IOP, and miosis.45,91   

The breakdown of the BAB is due to vasodilation and increase in the vascular permeability 

of uveal blood vessels under the effects of PGs. When given in high doses intracamerally 
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(injected directly into the anterior chamber of the eye), PGs increase the microvasculature 

permeability in the anterior segment of the eye.92 Local vasodilation causes increased ocular 

blood volume and concomitant mechanical stress of the ciliary processes due to stromal edema. 

Plasma proteins subsequently leak into the anterior chamber.23 Following the BAB breakdown, 

cells and additional inflammatory mediators can enter the iridal stroma and AH. These mediators 

include cytokines and chemokines that are important chemotactic factors to recruit the 

inflammatory cells.6 These mediators destabilize the BAB, causing ocular hypotony, and miosis.   

Ocular hypotony (low IOP) is typically seen during uveitis as intraocular inflammation 

reduces the active secretion of AH by interfering with the active transport mechanism.93 Reduced 

IOP is also linked to the potent hypotensive agent PGF2α
24 or to mediators such as calcitonin 

gene-related peptide (CGRP).24,94 Release of PGs increases the uveoscleral outflow of AH,45,86,95 

where there is increased AH drainage from the suprachoroidal space out through the sclera.27,45   

A significant reduction in the IOP was detected with no evidence of changes in the 

facilitation of aqueous outflow, episcleral venous pressure, or tonographic outflow in one study 

reporting the effects of PGA2 and PGF2α; this suggests an increase in the AH uveoscleral outflow 

associated with both PGA2 and PGF2α.96 In another study, cats treated with PGA2 twice daily for 

seven days showed a significant increase in the uveoscleral outflow.97 Cats appear to be more 

sensitive to PG hypotensive effects compared to rabbits, monkeys, and humans.98   

In contrast, a transient rise in the IOP can be seen with protein and cellular infiltration as they 

affect AH drainage by increasing AH viscosity95 and decreasing the aqueous outflow through the 

iridocorneal angle. PGE2 injected into the feline eye has been shown to elevate the IOP, but to a 

much lower extent and slower onset of rise, as compared to rabbits.99   
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Pupillary constriction in cats and dogs is caused by the direct action of PGF2α (and also PGE2 

to a lower extent) on the iris sphincter muscles.98 This pupillary constriction causes clinical 

miosis, ciliary muscle spasm, and ocular pain.  

3.4 Treatment Target in Uveitis: Minimizing PG Release 

The treatment of intraocular inflammation targets manipulation of the inflammatory 

mediators100 to modify the release and distribution of PGs.101 This can be achieved via three 

ways, namely 1) the blockade of molecules directly involved in inflammation (such as AA 

metabolites), 2) the suppression of actively dividing cells that release inflammatory mediators, 

and 3) the targeted inhibition of immune cells to down-regulate the immune effector mechanisms 

leading to inflammation.4 Among these, blocking the release or effect of molecules directly 

responsible for inflammation is the most common and practical approach.4  

3.5 Medication Used for Uveitis 

Corticosteroids are the mainstay therapy for feline uveitis as they prevent the biosynthesis of 

eicosanoids (PGs, LTs, TXA2) by inhibiting phospholipase A2 activity on the membrane 

phospholipid. Corticosteroids induce and up-regulate lipocortin synthesis, which prevents the 

release of AA from the cell membrane phospholipid.45,102 Corticosteroids may also induce the 

local expression of an anti-inflammatory hormone known as somatostatin.103  

Corticosteroids are highly potent and relatively inexpensive drugs that are well-tolerated by 

cats. They can be administered at either anti-inflammatory or immunosuppressive dosages, 

depending on the cause of uveitis.1 Regarded as first-line drugs in the management of feline 

intraocular inflammation,104 they are not without risks or severe adverse effects such as 
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corticosteroid- induced glaucoma105 and progression of cataracts in cats.106 Systemic 

corticosteroids should therefore be used with caution and reserved for posterior uveitis or severe 

anterior uveitis.3 They should only be used after conditions known to be worsened by 

corticosteroids (such as systemic mycoses, lymphoma, diabetes, or other endocrinopathies) have 

been ruled out.1 Topical corticosteroids (prednisolone acetate and dexamethasone) have superior 

corneal penetration compared to topical non-steroidal anti-inflammatory drugs.107,108 

Approximately 40% to 50% of aqueous protein exudation from the iris and ciliary body 

following intraocular surgery may be inhibited with these drugs.109 Orally administered 

prednisolone and topical application of 1% prednisolone have been shown to significantly reduce 

intraocular inflammation in cats with paracentesis-induced uveitis.76,77 Subconjunctival 

corticosteroid has been used to supplement topical or systemic corticosteroid in severe cases of 

uveitis or in patients in which frequent topical administration is not possible.110 Re-activation of 

feline herpesvirus (FHV-1) in carrier cats with previous history of viral keratitis, however, has 

been documented with the use of topical or subconjunctival corticosteroid111 and therefore, in 

some instances, corticosteroids may be contraindicated.  

Non-steroidal anti-inflammatory drugs (NSAIDs) prevent the production of prostanoids 

(PGE2, PGF2α, and PGD2) via competition with AA for the COX-active binding site77 and 

subsequent inhibition of the COX pathway. In comparison with corticosteroids, NSAIDs are not 

immunosuppressive and are relatively more expensive.1 The systemic use of NSAIDs is 

recommended in cases when infectious or neoplastic conditions have not yet been ruled out,28 or 

when systemic corticosteroids are contraindicated.1,3,9 In both human and animal patients, topical 

NSAIDs are effective in treating mild anterior uveitis, and systemic NSAIDs are recommended 

to treat posterior uveitis.3 Orally administered meloxicam and topical application of 0.1% 
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diclofenac have been shown to significantly reduce intraocular inflammation in cats with 

paracentesis-induced BAB breakdown.76,77  

Adjunctive therapy prescribed in cases of uveitis includes topical application of 

parasympatholytic drugs (such as atropine and tropicamide) due to their cycloplegic properties, 

since paralysis of the iridal sphincter and ciliary muscle relieves ocular pain.1,3,112 Furthermore, 

paralysis of the iridal sphincter and the resultant mydriasis lead to less iris-to-lens contact, which 

helps decrease the possibility of posterior synechiae formation. Atropine is also believed to 

stabilize and restore the BAB.112-114  

Additionally, anti-glaucoma therapy may be required in cases of severe or chronic uveitis to 

preserve vision and alleviate ocular pain. Recommended agents to control secondary glaucoma 

associated with uveitis in cats include carbonic anhydrase inhibitor, beta blocker, and adrenergic 

agonist.28   

Supplementary therapy is instituted as dictated by the cause. Other therapeutic options for 

uveitis of identified cause are summarized in Table 1.1. 

In order to investigate COX-2 expression in the feline eye and thus the potential therapeutic 

use of COX-2 inhibitor during intraocular inflammation, localization and characterization of 

ocular COX-2 expression in cat eyes is an important research area. 

4. COX-2 Detection by Immunohistochemistry  

Immunohistochemistry (IHC) combines immunology, histology, and chemistry disciplines to 

detect tissue antigens. It is achieved with the use of antibodies specific for target antigens.115,116 

The antibody (Ab) is usually linked to radioactive substances, dyes, enzymes, colloidal golds, 

metals, or other markers. The target antigen (Ag) can be an amino acid, protein, infectious agent, 
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or a specific cell population.115 IHC localizes the Ag within the tissue by specific Ag-Ab binding 

that is further demonstrated by histochemical reactions that are then visualized by light or 

fluorescence microscopy.116,117   

4.1 Specificity and Clonality of Antibodies 

IHC exploits the ability of an Ab to recognize and bind to a target Ag epitope. This binding 

depends on the quality and specificity of the primary Ab, as well as the ability of an Ag epitope 

to bind to the Ab.116 The most frequently used Abs in IHC are immunoglobulin G (IgG) and 

IgM.118   

Antibodies used in IHC can be either polyclonal or monoclonal. Polyclonal Abs are directed 

against various epitopes of the same Ag, whereas monoclonal Abs are directed against a single 

epitope of the target Ag.118 By their nature, polyclonal Abs have a higher affinity in comparison 

to monoclonal Abs.116 Polyclonal Abs, however, have a higher chance for cross-reactivity with 

other proteins and consequently possess lower specificity.118 Monoclonal Abs, with their higher 

specificity, show reduced background reactivity caused by non-specific binding.116       

Not all antibodies targeting a particular Ag react in all species since Ag vary among 

species.116 In addition, commercially available antibodies are not a given in all domestic species 

(feline-specific antibody was not commercially available at the time of this project). In such 

circumstances, an IHC test must be re-standardized or optimized to determine species cross-

reactivity.  
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4.2 Detection Systems 

Immunohistochemical detection systems aid to maximize the sensitivity of an IHC test, as 

well as optimize visibility of the immunologic response with the fewest steps and in the shortest 

time.116 Detection systems should be reproducible, accurate, and supply a high signal-to-noise 

ratio.116 They are broadly categorized as direct or indirect methods.  

The direct detection method is a one-step process using a primary antibody conjugated with 

reporter molecules, which act as the histochemical stains to visualise the specific Ag-Ab 

precipitate.119 This method is simple and rapid but lacks sensitivity for the detection of most Ags 

in commonly processed tissues due to little signal amplification.116   

The indirect detection method uses two layers of antibodies: the first antibody (primary Ab) 

is unlabelled; the secondary Ab, raised against the primary antibody, is labelled with a reporter 

molecule. This method is more sensitive since the unlabelled primary Ab maintains full avidity 

with stronger Ag binding, and the number of labels per molecule of primary Ab is higher, 

thereby increasing the intensity of the signal.116 In addition, the indirect method has higher 

sensitivity since this method can detect smaller amounts of Ag with less primary Ab; each 

primary Ab molecule is bound with at least two labelled reporter molecules, resulting in signal 

amplification. This method also allows for more flexibility because the same secondary Ab can 

be used for different primary Ab’s, as long as the latter are raised in the same species.116,118   

The indirect methods are further classified as 1) avidin-biotin methods, which include the 

avidin-biotin complex (ABC) method and the labelled avidin-biotin (LAB) or labelled 

streptavidin-biotin (LSAB) method; or 2) non-avidin-biotin methods, such as peroxidase-

antiperoxidase (PAP) method, EPOS (Enhanced Polymer One Step) system, polymeric labelling 
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2-step method (EnVision™), catalysed signal amplification (CSA), rolling circle amplification 

(RCA), and polyvalent (universal) detection systems.116,118  

The Ag-Ab complex is not visible microscopically unless labelled, and the immunostaining 

quality is markedly dependent on the antibody titre, the antibody dilution, as well as the 

incubation time and temperature.118 It is highly recommended that all IHC assays include a 

positive and a negative control. A positive control is a tissue section fixed and processed in a 

similar manner to the test sample and known to contain the target Ag. A negative control can be 

either 1) a negative reagent control, in which the tissue section undergoes an identical treatment 

with the test sample but with the omission of the primary Ab, or 2) a negative tissue or cell 

control, which is a tissue section that does not contain the target Ag.118  

The interpretation of the IHC expression, denoted as a ‘semi-quantitative method’, is made in 

a qualitative and subjective manner by evaluating the positivity (or negativity) of 

immunostaining intensity and distribution.115,120 Computer-assisted image analysis121 has 

improved this semi-quantitative method, especially quantification accuracy of many markers. 

4.3 Advantages and Limitations 

IHC is an excellent laboratory tool that allows detection and localization of a target protein in 

tissues. The immunohistochemical detection of COX-2 has been demonstrated in a number of 

human neoplasms122-126 and canine studies,127-135 including the canine eye.62 Feline studies 

reported immunohistochemical COX-2 detection in tumours of the oral mucosa,49,136,137 

mammary gland,52 skin,127 urinary bladder,49,138 and pancreas.139 To date, no studies have been 

published revealing COX-2 expression in the feline eye. 
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Despite its simplicity, the utility of IHC is directly proportional to the experience of the 

person who performs the reactions and the pathologist who interprets the results.115 Moreover, 

use of different antibodies raised against various epitopes, or similar antibodies but used at 

different concentrations, very likely contributes to variation in the results.140 A recent review 

divided the main biases that are part of IHC into reaction bias (such as specimen fixation, tissue 

processing, antigen retrieval, and detection system) and interpretation bias (such as selection of 

antibody panels, sensitivity of the chosen panel, choice of antibody types and clones, results and 

literature interpretation).115,141 According to a recent study, 42.1% of the diagnostic discrepancies 

in IHC was attributable to poor antibody selection.142 

Another limitation of IHC as a semiquantitative diagnostic method is that it is less sensitive 

than the Western blot (WB) technique.140 This latter test is semiquantitative and provides 

information about the nature (size and quantity) of the protein being recognized. In a 

comparative study of IHC and WB to detect COX-2 protein expression in canine neoplastic cell 

lines, WB was considered more accurate than IHC because of high potential of false-positive 

results in IHC.143 Ideally, an IHC assay should be validated with an additional method such as 

WB to affirm reproducibility. In this project, the research question on localization of COX-2 

expression required IHC rather than WB, since the latter technique does not account for location 

of expression. WB may include Ag denaturation, which modifies secondary and tertiary protein 

structure, as opposed to the in situ Ag modification in formalin-fixed tissues.144 The same 

antibodies may be used in IHC and WB.  

 

 



 
 

22 
 

5. Rationale, Objectives, and Hypotheses 

Data from numerous experimental and clinical studies in several species to investigate COX 

expression in ocular tissues have supported the use of therapeutic NSAIDs for uveitis. However, 

at this time, no specific study determining COX-2 expression in feline ocular tissues has been 

published, and thus administration of NSAIDs as therapy in treatment of feline uveitis is 

extrapolated from studies done in other species. In order to answer the clinical question of 

whether topical NSAIDs are an appropriate therapy against the main molecules mediating feline 

uveitis, determination of COX-2 expression in healthy and inflamed feline eyes is needed. 

The objectives of this study were to investigate COX-2 expression in feline eyes with and 

without uveitis. We aimed to characterize location and degree of COX-2 expression in ocular 

tissues with a scoring system, and to determine whether COX-2 expression correlates with type 

or severity of ocular inflammation.   

Our research hypotheses were 1) that there is constitutive expression of COX-2 in feline eyes, 

and 2) that COX-2 expression is up-regulated during inflammation of ocular tissues. The 

outcomes of this study will be the first step to indicate whether COX-2 is a potential therapeutic 

target in feline uveitis from the mechanistic point of view.
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Table 1.1 Cause-specific diagnostic test and systemic therapy for feline uveitis. 

Cause
1,3,6,28,37,145,146

 Diagnosis
3,147

 Systemic Therapy
3
 

Exogenous causes: 
Trauma 

 Blunt 

 Perforating 
Ulcerative keratitis 
Radiation therapy 
Drug-induced  

 Parasympathomimetics 
 

 History 

 Ophthalmic examination 

As dictated by primary cause 
and clinical signs 

Endogenous causes: 
Infection 

 Viral 
 FIP 
 FeLV 
 FIV 
 FHV-1 

 Bacterial 
 Bartonella 

henselae
35,148

 
 Mycobacterium 

species
149

 

 Protozoal 
 Toxoplasma 

gondii
150,151

 
 Leishmania species

152
 

 Parasitic 
 Toxocara larvae

9
 

 Cuterebra larvae
153

 

 Fungal
1
 

 Cryptococcus 
neoformans 

 Histoplasma 
capsulatum 

 Blastomyces 
dermatitidis 

 Candida albicans 
 Coccidioides immitis 

Neoplasia 

 Primary 
 Diffuse iris 

melanoma 
 Ocular sarcoma 
 Ciliary body 

adenoma/ 
adenocarcinoma 

 Secondary 

 

 History 

 Ophthalmic examination 
FIP: 

 PCR 

 IFA 

 Histology (affected tissues) 
 
 
 
 
 
 
 
 

FeLV: 

 ELISA 

 PCR (whole blood, saliva, 
feces) 

 VI 

 Immunochromatography 

 IFA 
FIV:  

 ELISA 

 PCR (whole blood, tissue, 
AH) 

 VI 

 Western Blot 
 Immunochromatography 
 
 
 
 
 
 
 

 
 
 

FIP:  

 Systemic 
corticosteroid 

 Cyclophosphamide 
2.5 mg/kg PO every 
24 hours

154
 

 Polyprenyl 
immunostimulant (PI) 
0.5 mg/kg PO every 
12 hours for 15 
days

155
  

 Supportive care 
FeLV and FIV: 

 Azidothymidine 
(AZT) 5 mg/kg PO 
every 8 to 12 hours

9
 

 Plerixafor 
immunostimulant 
(AMD3100)  
0.5 mg/kg SQ every 
12 hours for 6 
weeks

156
 

 Feline interferon 
omega  

             (rFeIFN-ω)
157,158

  
Parenteral: 1 – 2.5 × 106 

IU/kg IV or SQ every 24 to 48 
hours for up to 5 doses, then 
reduce according to clinical  
effect to twice weekly, and 
then once weekly 
 
 

(Table continued on next page) 
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 Lymphoma/ 
lymphosarcoma 

Immune-mediated 

 Cataracts (phacolytic) 

 Cataracts (phacoclastic) 
Metabolic disease 

 Systemic hypertension 

 
 
 
 
 
 
 
 
 
 

FHV-1: 

 VI 

 ELISA 

 Western Blot 

 PCR (AH) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bartonella henselae: 

 Blood and serum culture 

 Antibody titers 
 PCR (AH) 
 
 

Toxoplasma gondii: 

 Antibody titers (igM, IgG) 

 Histology (globe) 

 Culture 
 Fecal floatation 

Mycosis: 

 Cryptococcosis: ELISA 

 Histoplasmosis: AGID 

 Blastomycosis: ELISA, 
AGID 

 Coccidioidomycosis: 
ELISA, AGID, CF, Latex 
agglutination 

Ophthalmic: 1 drop (50 
microlitres) of diluted solution 
(500,000 IU/mL) per eye up 
to every 6 hours for 10 days, 
then 1 drop every 8 to 12 
hours for further 3 weeks 

 Supportive care 

 +/- chemotherapy 
 

 
FHV-1: 

 L-Lysine 250 – 500 
mg PO every 12 to 24 
hours

159
 

 Human interferon alfa 
(rHuIFN-α)

160
  

Ophthalmic: 1 drop (50 
microlitres) of diluted solution 
(20,000 IU) per eye every 6 to 
8 hours 

 Idoxuridine 1 drop 
per eye every 4 to 12 
hours depending on 
severity 

 Polyprenyl 
immunostimulant (PI) 
0.5 mg/kg PO every 
12 hours for 15 
days

155
  

 Supportive care 
 

Bartonellosis: 

 Doxycyline 10 – 22  
mg/kg PO every 12 
hours for 4 to 6 
weeks

9
  

 

Toxoplasmosis: 

 Clindamycin 10 – 
12.5 mg/kg PO every 
12 hours for 4 weeks

9
 

 
Mycosis: 

 Fluconazole 50 – 100 
mg PO every 24 
hours, continue for 1  
month after clinical 
signs resolve

9
 

 
 

(Table continued on next page) 



 
 

25 
 

 Histology (globe) 
 Cytology and culture 

(vitreous) 
 

 

Neoplasia: 

 Histology 

 Cytology 
 

 Itraconazole 50 –100 
mg PO every 24 
hours, continue for 1 
month after clinical 
signs resolve

9
 

 

Neoplasia: 
 Enucleation 

(AGID = agar gel immunodiffusion; CF = complement fixation; ELISA = enzyme-linked 
immunosorbent assay; IFA = immunofluorescent antibody; PCR = polymerase chain reaction; VI 

= virus isolation; PO = orally; SQ = subcutaneously; IV = intravenously.) 
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Table 1.2 Clinical signs of uveitis. 

Clinical Signs Description Comments 

Non-specific Intraocular pain manifested 
as:

1,161
  

 Anorexia 

 Lethargy 
 Depression 

 Reduced interaction 
with the owner or 
environment 

In moderate to severe uveitis:
3,6

  

 Blepharospasm 

 Enophthalmos 

 Photophobia 

 Epiphora 
 

Common
3
 but difficult to 

recognize in cats as they show 
subtle and less localizing signs 
if compared to dogs.

1
  

Anterior segment
3,6

 
 

Aqueous flare 
 
 
 
 
 

Redness of the ocular globe 
 
 
 
 

Corneal edema 
 
 

Hypopyon 
 
 
 

Hyphema 
 
 

Keratic precipitates 
 
 
 

Miosis 
 
 

Iris swelling (iritis) and colour 
change (Rubeosis iridis) 

Confirms a diagnosis of anterior 
uveitis;

6
  

Indicates breakdown of the 
BAB and increased vascular 
permeability

6
 

 
Due to conjunctival hyperemia 
and ciliary flush (hyperemia of 
the deep perilimbal anterior 
ciliary vessels)

6
  

 
Secondary to hydration of the 
corneal stroma

6
 

 
Related to accumulation of 
purulent material within the 
anterior chamber

6
 

 
Due to hemorrhage within the 
anterior chamber

6
 

 
Seen with adherence of 
inflammatory cell aggregates to 
the corneal endothelium

6
 

 
Due to contraction of the iris 
sphincter muscles

6
 

 
Secondary to melanocyte 
proliferation

3
 

(Table continued on next page) 
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Posterior segment
3,6

 Vitritis 
 
 
 

Chorioretinal inflammation 
 
 
 
 
 
 
 
 

Retinal detachment and/or 
subretinal granuloma 

Due to inflammatory cell 
infiltration into the vitreous 
from the ciliary body

3
 

 
Involvement of the retina due to 
its close anatomic proximity 
with the choroid;

6
  

Appears as areas of greyish 
discolouration over the tapetal 
fundus and greyish to white 
areas within the non-tapetal 
fundus

162
 

 
Bullous detachment of the 
retina with fluid exudation in 
the subretinal space

3
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Figure 1.1 The pathways from arachidonic acid to metabolites.45,50,54 
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CHAPTER 2: MATERIALS AND METHODS 

Experimental Design  

Fifty-one diseased and 10 normal (non-diseased) cat eyes were included in this case-control 

study. The sample size calculation was based on a previous canine study where COX-2 

expression was detected in 30/67 diseased globes and 1/4 normal globes.62 Assuming 70% of the 

inflamed feline eyes would show COX-2 expression (effect size, P1 = 0.70), and 5% of the 

normal eyes would show COX-2 expression (baseline risk, P0 = 0.05), sample size calculation 

with type I error rate, α = 0.05; and type II error rate, β = 0.20, indicated that 10 eyes are required 

per group.163  

Case Selection and Composition 

Ten normal and 51 diseased feline eyes in paraffin blocks from the archives of the Animal 

Health Laboratory, University of Guelph and a private veterinary diagnostic laboratorya from a 

period of 16 years were used in this study. Normal (control) eyes were from humane society cats 

that were euthanized for reasons unrelated to this study. Routine sections of each eye were 

prepared from paraffin-embedded tissues, stained with hematoxylin and eosin (H&E) and 

examined histologically, categorized into one of the three types of disease: lymphocytic-

plasmacytic uveitis, neutrophilic uveitis, or diffuse iris melanoma. Cases of diffuse iris 

melanoma were then further subcategorized into one of two groups: with or without uveitis. 

These three disease categories were selected due to their high prevalence of presentation of feline 

                                 
a
 Histovet Surgical Pathology, Guelph, Ontario, Canada. 
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intraocular disease at the Ontario Veterinary College Health Sciences Center Ophthalmology 

Service (unpublished data). 

Enucleation of Normal Eyes  

Prior to enucleation, ocular examination by visual inspection with diffuse illumination was 

performed on 5 cat cadavers to identify obvious gross ocular abnormalities (ZHS). No noticeable 

ocular lesions were detected in the ten eyes included in this study. The eyes were also confirmed 

to lack microscopic lesions by histologic examination of H&E-stained sections. 

Within 1 hour of euthanasia and prior to enucleation, with a 25 gauge needle positioned 4 

mm posterior to the lateral limbus and directed in an oblique fashion toward the center of the 

globe,164 0.1–0.5 mL of 10% neutral buffered formalin (pH 7.0) was injected into the vitreous 

chamber to preserve the inner structures of the eye. Enucleation of the normal eyes was 

performed via a trans-conjunctival approach (ZHS and CP). 

Cadavers were positioned in lateral recumbency for the enucleation. The conjunctival sac 

was irrigated with 1:50 sodium chloride saline-diluted povidone-iodine solution (Ontario 

Veterinary College Lot No. 32697; Health Sciences Center, Guelph, Canada) for 1 min while 

being cleaned for a minimum of three times with separate cotton swabs dipped into the same 

solution. Following 1 min contact time with the solution, the conjunctival sac was irrigated with 

sterile 0.9% saline. After irrigation, the eyelids and the adjacent orbital skins were cleaned for a 

minimum of three times with cotton swabs soaked in saline-diluted (1:50) povidone-iodine 

solution. 
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 A 5–10 mm lateral canthotomy was performed using a straight hemostat to crush the lateral 

canthal ligament and Steven’s tenotomy scissors to cut the lateral canthus. At the 12 o’clock 

position, the bulbar conjunctiva and Tenon’s capsule were incised approximately 5 mm posterior 

to the limbus with curved Steven’s tenotomy scissors to expose the underlying sclera. The 

dissection plane between the sclera and Tenon’s capsule was extended and a 360° conjunctival 

incision was done. The insertion of all extraocular muscles was excised with tenotomy scissors. 

Following excision of the optic nerve, the globe was then removed from the orbit and stored in 

10% neutral buffered formalin.  

Histologic Criteria and Clinical Data of Diseased Eyes 

Categorization and scoring of inflammation of eyes from H&E-stained formalin-fixed 

paraffin-embedded sections was performed for each diseased eye in a blinded fashion (ZHS and 

BP). 

The type of inflammation was determined based on the inflammatory cell type present in 

each eye (lymphocytes, plasma cells, neutrophils). In some eyes with mixed inflammation 

(lymphocytes, plasma cells, and neutrophils), the predominant inflammatory cell type present 

was the determining factor for classification by type of inflammation. The severity of 

inflammation was scored using a modified grading system from previous murine studies.165-167 

Five randomly selected 400× fields of the anterior and posterior uveal tract were evaluated and 

scored in each eye; the total grade was calculated from individual scores, and represents the 

mean score from each eye. The severity of inflammation was scored on a scale ranging from 0 to 

3 with 0 representing no inflammatory cell infiltration; 1 representing 1–50 cells per 400× field 

(mild inflammation); 2 representing 51–100 cells per 400× field (moderate inflammation); and 3 
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indicating > 100 cells per 400× field (severe inflammation). Mild (score 1), moderate (score 2), 

or severe (score 3) inflammatory cell infiltration was defined as “with uveitis”, whereas no 

inflammatory cell infiltration (score 0) was defined as “without uveitis”. 

Images demonstrating the categorization and scoring of intraocular inflammation in eyes of 

this study are shown in Figures 2.1A–H. 
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Figure 2.1 Categorization and grading of intraocular inflammation in the iridal stroma. (A) Mild 

lymphocytic-plasmacytic uveitis. There are low numbers of lymphocytes and plasma cells (arrow). (B) 

Moderate lymphocytic-plasmacytic uveitis. (C) Severe lymphocytic-plasmacytic uveitis. There are heavy 

infiltration and aggregation of lymphocytes and plasma cells. (D) Mild neutrophilic uveitis. There are low 

numbers of neutrophils (arrow and inset). (E) Moderate neutrophilic uveitis. (F) Severe neutrophilic uveitis. 

There are heavy infiltration and wide dispersion of neutrophils. H&E stain, 400× magnification. (G) No 

inflammatory cells are evident in a case of non-inflamed feline diffuse iris melanoma. (H) There are 

increased numbers of lymphocytes and plasma cells (arrow) in a case of inflamed diffuse iris melanoma 

(neoplasm not evident). H&E stain, 200× magnification. (PB = posterior border layer of the iris.) 
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In addition, clinical data such as age, breed, gender, the classification of uveitis, the presence of 

sequelae, the presence of concurrent disease, and previous therapy was recorded for each eye.   

Immunohistochemical Detection of COX-2 

Multiple antibodies, tissues, and detection systems were tested during optimization of the 

IHC protocol, as detailed in Appendix 1. The final IHC protocol is summarized below. 

Four-micron sections were cut from each formalin-fixed eye included in this study, 

embedded in paraffin blocks and mounted onto positively charged slides (Fisherbrand® 

Superfrost™ Plus; Fisher Scientific Company, Ontario, Canada). The sections were 

deparaffinized in two changes of xylene (5 min each) and rehydrated in an ethyl alcohol series of 

decreasing concentrations (100%, 95%, and 75%; 2 min each).  

Following a rinse in a diluted Tris-buffered saline (TBS) of pH 7.6 (Wash Buffer; Dako 

North America, Inc., California, USA) at room temperature for 5 min, heat-induced antigen 

retrieval was performed by placing the slides in a diluted citrate buffer of pH 6.0 (Target 

Retrieval Solution; Dako North America, Inc., California, USA), heating in a pressure decloaker 

at 110 °C for 1 min, and cooling on the benchtop for 10 min. After a 5-min rinse in TBS, 

endogenous peroxidase and alkaline phosphatase activities were inhibited by incubating the 

slides in Dual Endogenous Enzyme Block (Dako North America, Inc., California, USA) at room 

temperature for 10 min. This was followed by a rinse in TBS for 5 min, then blocking of non-

specific binding by incubating the slides in diluted normal goat serum at room temperature for 20 

min.      
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The primary antibody was a rabbit polyclonal antibody directed against murine COX-2 (No. 

160106; Cayman Chemical, MI, USA). The antibody (1:100 dilution) was applied and the 

sections were incubated overnight at 4 °C.  

After rinsing the sections in three changes of TBS for 10 min each, the sections were 

incubated at room temperature for 30 min with a goat anti-rabbit antibody conjugated to 

horseradish peroxidase-labelled polymer (EnVision™+Dual Link System-HRP; Dako North 

America, Inc., California, USA). All incubations were performed in a humidified chamber. 

After three changes of TBS rinse for 10 min each, a substrate (ImmPACT™ NovaRED™; 

Vector Laboratories, Burlingame, Canada) was applied onto the slides to visualize the 

precipitated immunocomplexes. The slides were incubated at room temperature for 10 min, 

followed by a 5-min rinse in TBS and a counterstaining with Gill’s hematoxylin at room 

temperature for 2 min.  

Tissue dehydration was done by bathing the sections in an ethyl alcohol series of ascending 

concentrations (75%, 95%, and 100%; 1 min each), and clearing in two changes of xylene bath 

(5 min each). The slides were then preserved in mounting media and protected with coverslips. 

Formalin-fixed, paraffin-embedded tissue sections of feline colon carcinoma served as a 

positive tissue control for COX-2 expression and were processed in an identical manner to the 

test sections. For negative reagent controls, the primary antibody was omitted from the protocol 

and the sections were instead incubated with TBS.  
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Immunohistochemical Evaluation 

For each section, an immunolabeled slide was examined and compared with positive and 

negative controls using light microscopy (ZHS) blinded to the identity of the sample. The 

anterior and posterior segments of each eyes were assessed, and all ocular tissues that expressed 

COX-2 were recorded.  

IHC scoring for COX-2 expression in each section was based on the distribution and 

intensity of positively stained cells, which were counted within five randomly selected 400× 

fields. The total score for COX-2 expression was calculated for each eye section as the mean of 

scores from the five selected 400× fields. The distribution of COX-2 was scored using the 

following scoring system: 0 (< 5% of cell per 400× field staining positive), 1 (5% to 25% of cells 

per 400× field staining positive), 2 (26% to 50% of cells per 400× field staining positive), 3 

(51% to 75% of cells per 400× field staining positive), and 4 (> 75% of cells per 400× field 

staining positive). The intensity of COX-2 immunostaining was scored using the following 

system: 0 (no staining), 1 (low), 2 (intermediate), and 3 (high). Each final COX-2 score 

represented the product of COX-2 distribution and intensity, as previously described.168 Final 

COX-2 scores from 1 to 4 were considered as “low” COX-2 expression, from 5 to 8 as 

“intermediate” COX-2 expression, and 9 to 12 as “high” COX-2 expression (Figure 2.2A–D and 

Figure 2.3A–C). 
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Figure 2.2 Scoring of COX-2 distribution in the ciliary body. (A) Score 1 with 5–25% of cells per 400× 

field stained positive. Plasma cells were stained positive in this image (arrow). (B) Score 2 with 26–50% of 

cells per 400× field stained positive. (C) Score 3 with 51–75% of cells per 400× field stained positive. 

Plasma cells, lymphocytes, and ciliary epithelial cells were stained positive in this image (arrow). (D) Score 

4 with > 75% of cells per 400× field stained positive. Plasma cells, lymphocytes, and ciliary epithelial cells 

were stained positive in this image (arrows). IHC stain, 400× magnification. (PCE = pigmented ciliary 

epithelium layer.) 
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Figure 2.3 Scoring of COX-2 

intensity in eyes. The ciliary 

process and ciliary body from 

different cases of neutrophilic 

uveitis were selected for 

comparison. (A) Score 1: 

“Low” intensity of COX-2 

immunostaining in a plasma 

cell (arrow). (B) Score 2: 

“Intermediate” intensity of 

COX-2 immunostaining in non-

pigmented ciliary epithelial and 

plasma cells (arrow). (C) Score 

3: “High” intensity of COX-2 

immunostaining in plasma cell 

and lymphocyte (arrows). IHC 

stain, 400× magnification. 

(PCE = pigmented ciliary 

epithelium layer.) 
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Statistical Analysis 

The Spearman’s rank correlation coefficient was used to measure the association between the 

severity of inflammation along the uveal tract with COX-2 expression. The expression of COX-2 

at other locations in the eye (such as the cornea, conjunctiva, and vitreous chamber) was 

analysed and its statistical dependence on the severity of uveitis was also calculated. In addition, 

variables such as age, gender, breed, and previous therapy were evaluated with descriptive 

statistics.  

The Mann-Whitney-Wilcoxon test was used to assess the association between previous 

therapy for uveitis, sequelae, and COX-2 expression. The Kruskal-Wallis test was used to 

determine if the type of uveitis treatment (i.e. corticosteroid or NSAID) influenced the COX-2 

expression. 

The statistical analysis was performed using commercial statistical software (SAS version 9.2, 

SAS Institute Inc., North Carolina, USA). Probability values of less than 5% were considered 

significant.  
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CHAPTER 3: RESULTS 

Sample Population and Signalment 

Detailed description of the sample population, lesions, and therapy is presented in Appendix 

2. 

The 51 diseased feline eyes were categorized histologically as lymphocytic-plasmacytic 

uveitis (n = 20), neutrophilic uveitis (n = 13), or diffuse iris melanoma (n = 18). The 18 cases of 

diffuse iris melanoma were further sub-classified as with (n = 11) or without uveitis (n = 7). 

Complete histories for 29 of 51 cases included in this study were retrieved. The mean age of 

affected cats was 9.4 years old. The most commonly affected breeds were domestic shorthaired 

(n = 28) and domestic longhaired (n = 6) cats. All affected breeds are depicted in Figure 3.1. 

There were 26 male and 19 female cats.  
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Figure 3.1 Distribution of cat breeds in the study. (DSH = domestic shorthair; DLH = 

domestic longhair; DMH = domestic medium hair.) 

Twenty-six cats had a history of complications secondary to uveitis, including secondary 

glaucoma (n = 18), retinal detachment (n = 5), cataract (n = 4), and lens luxation (n = 2). 

Concurrent diseases, either related or unrelated to uveitis, were reported in 21 cases. The ocular 

diseases include ulcerative keratitis (n = 5), descemetocoele (n = 2), conjunctivitis (n = 2), 

keratitis (n = 1), and keratomalacia (n = 1). The non-ocular diseases include thyroid diseases (n = 

4), cardiac diseases (n = 3), renal diseases (n = 3), dermatopathy (n = 3), hepatic diseases (n = 2), 

upper respiratory tract diseases (n = 2), pneumonia (n = 2), meningitis (n = 1), peritonitis (n = 1), 
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leukemia (n = 1), mandibular fracture (n = 1), carnassial abscess (n = 1), tonsillitis (n = 1), ear 

infection (n = 1), FIV infection (n = 1), and FIP (n = 1).  

Treatment for uveitis had been initiated prior to enucleation in 13 of 29 cases with complete 

medical history. Topical corticosteroid (prednisolone acetate) was administered in 5 cases (3 

cases of lymphocytic-plasmacytic uveitis, 1 case of neutrophilic uveitis, and 1 case of diffuse iris 

melanoma-associated uveitis), whereas topical NSAID (nepafenac) was administered in 2 cases 

(lymphocytic-plasmacytic uveitis and diffuse iris melanoma-associated uveitis respectively). In 

contrast, systemic corticosteroid was administered in only 1 case (lymphocytic-plasmacytic 

uveitis), whereas systemic NSAID (meloxicam) was administered in 4 cases (1 case of 

lymphocytic-plasmacytic uveitis, 2 cases of neutrophilic uveitis, and 1 case of diffuse iris 

melanoma-associated uveitis). In addition to anti-inflammatory drugs, topical antibiotic (fusidic 

acid or tobramycin) was administered in 3 cases (1 case of neutrophilic uveitis and 2 cases of 

diffuse iris melanoma-associated uveitis).  

Histology: Severity of Uveitis 

Detailed results of grading of uveitis are presented in Appendix 2. 

For lymphocytic-plasmacytic uveitis, 3 of 20 cases were graded as mildly inflamed with a 

score of 1; 6 cases showed moderate inflammation with a score of 2; and 11 cases had severe 

inflammation with a score of 3. 

For neutrophilic uveitis, 4 of 13 cases were graded as mildly inflamed with a score of 1; 6 

cases showed moderate inflammation with a score of 2; and 3 cases had severe inflammation 

with a score of 3. 
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For diffuse iris melanoma, 6 of 18 cases showed mild uveitis with a score of 1; 5 showed 

moderate uveitis with a score of 2, and the remaining 7 cases were classified to have no uveitis. 

No cases of diffuse iris melanoma had concurrent severe inflammation. 

Different grades of uveitis are summarized by type of uveitis in Table 3.1. 

Table 3.1 Scoring of uveitis cases based on the category of uveitis. 

 Number of Cases 

Total 
0  

(No uveitis) 

1  

(Mild) 

2  

(Moderate) 

3  

(Severe) 

Lymphocytic-

plasmacytic 
0 3 6 11 20 

Neutrophilic 0 4 6 3 13 

Diffuse iris 

melanoma-

associated 

7 6 5 0 18 

Total 7 13 17 14 51 

 

Immunohistochemistry: Expression of COX-2 

High COX-2 immunostaining (score 12 out of 12) was detected in epithelial cells of positive 

tissue control slides. Immunostaining was absent in negative control slides (Figure 3.2A–C). 

Grade 

of 

Uveitis 
Category 

of  

Uveitis 
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Figure 3.2 COX-2 immunostaining 

in positive and negative controls. 

(A) COX-2 was strongly expressed 

in epithelial cells of feline colon 

carcinoma. (B) COX-2 was 

expressed in plasma cells at the 

choroid and not in the control slide 

(C; primary antibody omitted from 

the IHC protocol) from the same 

case. COX-2 IHC stain, 400× 

magnification. 

45 
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Analysis of IHC staining revealed that COX-2 expression was not detected in either diffuse iris 

melanoma without inflammation (n = 7) or in normal eyes (n = 10). COX-2 expression was 

detected in 16 of 44 diseased eyes with uveitis. The intensity of COX-2 immunoreactivity varied 

from low to intermediate in these eyes. COX-2 staining was primarily distributed as diffuse 

intracytoplasmic staining within non-pigmented ciliary epithelial cells and/or inflammatory cells. 

Of the 20 cases of lymphocytic-plasmacytic uveitis, COX-2 detection was observed in 11 

cases. Low COX-2 expression (Figure 3.3) was observed within the uveal tract of 10 eyes with 

IHC scores of 1 in three cases (severe uveitis noted histologically), 2 in five cases (one case of 

mild uveitis, one case of moderate uveitis, and three cases of severe uveitis), and 3 in two cases 

(severe uveitis), respectively. One eye showed intermediate COX-2 expression with a score of 4 

(moderate uveitis noted histologically). 

 

 

Figure 3.3 Low COX-2 expression 

in the ciliary body in a case of 

lymphocytic-plasmacytic uveitis. 

There is weak intracytoplasmic 

COX-2 immunostaining in low 

numbers of lymphocytes and 

plasma cells. COX-2 IHC stain, 

400× magnification.  
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COX-2 immunopositivity was observed in 4 of 13 neutrophilic uveitis cases. Low to high 

(Figure 3.4) COX-2 expression was observed along the uveal tract and the COX-2 scores were 1 

(moderate uveitis noted histologically), 2 (severe uveitis), 3 (moderate uveitis), and 9 (severe 

uveitis), respectively. 

 

 

Figure 3.4 High COX-2 expression 

at the ciliary process in a case of 

neutrophilic uveitis. There is 

moderate to strong COX-2 

immunostaining in plasma cells 

and lymphocytes (arrow) alongside 

melanocytes (*) within the non-

pigmented ciliary epithelium. 

COX-2 IHC stain, 400× 

magnification. 

 

* 
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Low COX-2 expression (Figure 3.5) was detected in 1 case of diffuse iris melanoma-

associated uveitis (moderate uveitis noted histologically), with a score of 1. 

 

Among the three groups of uveitis in our study, lymphocytic-plasmacytic uveitis had higher 

expression of COX-2 along the uveal tract compared to neutrophilic uveitis and diffuse iris 

melanoma-associated uveitis. Low COX-2 expression (scores 1 to 4) were observed commonly 

among all three groups. Among all of these positive cases, there were 11 cases of lymphocytic-

plasmacytic uveitis including 1 of mild inflammation, 2 of moderate inflammation, and 8 of 

severe inflammation; 3 cases of neutrophilic uveitis including 2 of moderate inflammation and 1 

of severe inflammation; and one case of diffuse iris melanoma with moderate inflammation. 

High COX-2 expression (score 9) was observed in a single case of severe neutrophilic uveitis.  

COX-2 expression based on the category of uveitis is illustrated in Figure 3.6. 

 

Figure 3.5 Low COX-2 expression 

at the ciliary body in a case of 

diffuse iris melanoma-associated 

uveitis. There is weak 

immunostaining in low numbers of 

plasma cells and lymphocytes 

alongside the melanocytes. COX-2 

IHC stain, 400× magnification. 
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 Figure 3.6 Uveal COX-2 expression based on the category of uveitis. 
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Table 3.2 Summary of uveal COX-2 expression and the number of cases based on the 

category of uveitis. 

 Number of Cases 

Total 

0  

(Absent) 

1–4 

(Low) 

5–8 

(Intermediate) 

9–12 

(High) 

Lymphocytic-

plasmacytic 

9 11 0 0 20 

Neutrophilic 9 3 0 1 13 

Diffuse iris 

melanoma-

associated 

10 1 0 0 11 

Non-inflamed 

diffuse iris 

melanoma 

7 0 0 0 7 

Total 35 15 0 1 51 

Category 

of 

Uveitis 

Uveal 

COX-2 

IHC 

Score 
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In diseased eyes, especially in those with more severe inflammation, COX-2 immunostaining 

was detected in sites other than the uvea. In 21 cases (9 cases of lymphocytic-plasmacytic uveitis 

including 1 of moderate inflammation and 8 of severe inflammation; 9 cases of neutrophilic 

uveitis, including 3 of each mild, moderate, and severe inflammation; and 3 cases of diffuse iris 

melanoma, including 1 without uveitis and 2 with moderate uveitis), the cornea expressed COX-

2. COX-2 expression was detected at the conjunctiva in one case of mild neutrophilic uveitis. In 

one case of neutrophilic uveitis of moderate inflammation, neutrophils within the vitreous 

chamber expressed COX-2. COX-2 expression at various anatomic locations in inflamed feline 

eyes is shown in Figure 3.7A–D.  

With respect to all the slides with positive COX-2 immunostaining, the cornea was the most 

common site of the eye where COX-2 expression was detected, particularly in eyes with more 

severe intraocular inflammation. Three distinct locations within the cornea had positive COX-2 

expression: the corneal epithelium, the corneal stroma, and the corneal endothelium. High COX-

2 expression (scores from 9 to 12) was observed in the basal cells of the corneal epithelium in 

two cases of neutrophilic uveitis (COX-2 score 12), fibroblasts and inflammatory cells in the 

corneal stroma in two cases (one case of lymphocytic-plasmacytic uveitis and one case of 

neutrophilic uveitis, each with a COX-2 score 12), and the corneal endothelium in five cases 

(two cases of lymphocytic-plasmacytic uveitis and three cases of neutrophilic uveitis, each with a 

COX-2 score 12). Intermediate COX-2 expression (scores from 5 to 8) was observed in the 

corneal stroma in three cases (one case of lymphocytic-plasmacytic uveitis with a COX-2 score 8 

and two cases of neutrophilic uveitis each with a COX-2 score 6 and the corneal endothelium in 

two cases of neutrophilic uveitis (COX-2 scores of 6 and 8). Low COX-2 expression (scores 

from 1 to 4) was detected in the basal cells of the corneal epithelium in eleven cases (seven cases 
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of lymphocytic-plasmacytic uveitis with scores of 1 (n = 2), 2 (n = 2), 3 (n = 2), and 4 (n = 1); 

two cases of neutrophilic uveitis with scores of 1 and 2; and two cases of diffuse iris melanoma 

with a score of 2, one with uveitis and one without uveitis), corneal stroma in three cases (one 

case of lymphocytic-plasmacytic uveitis with a score of 1; two cases of neutrophilic uveitis with 

scores of 1 and 3), and the corneal endothelium in five cases (two cases of lymphocytic-

plasmacytic uveitis, each with a score of 2; two cases of neutrophilic uveitis with scores of 1 and 

3; and one case of diffuse iris melanoma-associated uveitis with a score of 3). A summary of 

corneal COX-2 scores based on the category of uveitis is shown in Table 3.3. COX-2 expression 

by anatomic location in 51 diseased feline eyes examined is summarized in Appendix 3. 

Scatterplot of corneal COX-2 scores against severity of uveitis is shown in Appendix 4.  
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Table 3.3 Summary of corneal COX-2 expression and the number of cases based on the 

category of uveitis. 

 Number of Cases 

Total 

0 

(Absent) 

1–4 

(Low) 

5–8 

(Intermediate) 

9–12 

(High) 

Lymphocytic-

plasmacytic 

11 6 0 3 20 

Neutrophilic 4 3 3 3 13 

Diffuse iris 

melanoma-

associated 

9 2 0 0 11 

Non-inflamed 

diffuse iris 

melanoma 

6 1 0 0 7 

Total 30 12 3 6 51 

 

  

Category 

of 

Uveitis 

Corneal 

COX-2 

IHC 

Score 
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Figure 3.7 COX-2 expression at various locations in inflamed feline eyes. (A) Cytoplasmic 

immunostaining in the corneal epithelium layer. (B) Cytoplasmic immunostaining in the corneal 

endothelium. (C) Cytoplasmic immunostaining in neutrophils within the vitreous chamber. (D) 

Cytoplasmic immunostaining in neutrophils and epithelial cells in the conjunctiva l epithelium and lamina 

propria. COX-2 IHC stain, 400× magnification. (Epi = corneal epithelium; Stroma = corneal stroma; DM 

= Descemet’s membrane; Endo = corneal endothelium; CE = conjunctival epithelium; LP = lamina 

propria.) 

54 
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 Correlation between Severity of Uveitis and COX-2 Expression 

The Spearman’s rank correlation coefficient revealed a significant positive correlation 

between the uveal COX-2 score (the distribution of COX-2 × the intensity of COX-2 

immunostaining) and the severity of uveitis (Rho = 0.42538; P = 0.0019). This correlation is 

demonstrated in Figure 3.8 and Figure 3.9. COX-2 expression within the uveal tract was higher 

in cases of more severe intraocular inflammation compared to cases with less severe 

inflammation. 
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Figure 3.8 Scatterplot of uveal COX-2 scores against severity of uveitis. Notice the marked 

difference in uveal COX-2 expression scores between the two neutrophilic uveitis cases with 

uveitis severity score 3: one as the lowest COX-2 score of 0 and one as the highest COX-2 score 

of 9. Unfortunately due to lack of information from medical records, we cannot establish whether 

this dissimilarity is due to the primary cause, duration of lesion, or administration of therapy for 

uveitis. 
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Figure 3.9 Correlation between uveal COX-2 scores and severity of uveitis. 

In the anatomic locations where COX-2 was expressed (summarized in Table 3.4), a 

significant positive correlation was observed between expression in the uvea as well as corneal 

endothelium and the severity of uveitis (P = 0.0018). Expression of COX-2 was more likely to 

be detected in the uvea and the corneal endothelium when the severity of uveitis increased. 

Rho = 0.42538; P = 0.0019* 
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Table 3.4 Correlation between COX-2 score by anatomic location and severity of uveitis.  

Anatomic Location 
Spearman Correlation 

Coefficient 
P-value 

Uvea 0.42538 0.0019* 

Corneal epithelium -0.03082 0.8300 

Corneal stroma 0.01157 0.9358 

Corneal endothelium 0.42747 0.0018* 

Conjunctiva -0.6959 0.6275 

Vitreous chamber 0.20341 0.1522 

* indicates significant correlation (P < 0.05). 

Correlation of COX-2 Expression and Prior Therapy and Sequelae 

No significant association was found between prior therapy (P = 0.1341), sequelae (P = 

0.0833), and COX-2 expression (Mann-Whitney-Wilcoxon test). 

The type of therapy, either corticosteroid (P = 0.3520) or NSAID (P = 0.7691), administered 

prior to enucleation did not significantly affect COX-2 expression (Kruskal-Wallis test). 
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CHAPTER 4: DISCUSSION 

Feline uveitis is a leading cause of acquired ocular diseases that can lead to blinding sequelae 

in cats. Several causes of uveitis can be classified as exogenous or endogenous, and idiopathic 

uveitis is the most common type of feline uveitis.32 Due to the potential devastating sequelae of 

feline uveitis, identification of major mediators of intraocular inflammation is important. COX-2 

is an important intraocular inflammatory mediator, and thus warrants further investigation in 

several species, including cats. 

Development and Optimization of IHC Protocol 

COX-2 expression in the eyes of several species51,56-60 has been investigated with various 

laboratory tests, including IHC,51,57-60 Western Blot,57 real-time RT-PCR,57 and confocal laser 

microscopy.57 In this research project we characterized COX-2 expression by location and 

intensity in normal and diseased feline eyes. We developed an IHC protocol that detected COX-2 

in feline eyes and the results of this study increase our understanding of the relationship between 

COX-2 expression and feline uveitis.  

The selection of an appropriate primary antibody is paramount to the success of IHC studies. 

The host species in which the antibodies are produced and the immunogen are important factors 

for IHC studies.116 Unfortunately, antibodies specific for feline COX-2 are not available, 

therefore antibodies produced against other species’ COX-2 were tested for their effectiveness to 

detect COX-2 expression in feline eyes. A rabbit polyclonal antibody directed against murine 

COX-2 was ultimately chosen for this project, which is similar to other feline cancer studies on 

COX-2 expression.49,52,127,136-139 
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The type of antibody can also have an impact in IHC studies. Generally, monoclonal 

antibodies have higher specificity116 whereas polyclonal antibodies have higher sensitivity.115 A 

previously used rabbit anti-ovine COX-2 polyclonal antibody52,136 was no longer available. As a 

result, we tested several variations of our IHC protocol using several primary antibodies at 

varying dilutions (see Appendix 1). Three antibodies were tested: 1) rabbit monoclonal antibody 

directed against human COX-2 (ab133466; Abcam Inc., MA, USA), 2) mouse monoclonal 

antibody directed against rat COX-2 (610204; BD Biosciences, CA, USA), and 3) rabbit 

polyclonal antibody directed against murine COX-2 (160106; Cayman Chemical, MI, USA). 

Throughout our IHC trials, the polyclonal antibody against murine COX-2 showed greater 

sensitivity and specificity compared to the monoclonal antibodies we tested, and it was therefore 

selected for this study. Murine immunogen, however, has homology of 16/20 amino acids to 

feline COX-2 amino acids i.e. 80% identical with feline COX-2 amino acid sequences. This 

relatively low homology might decrease avidity (functional affinity that measures the overall 

strength of an Ag-Ab complex) of the antibody.  

Although the manufacturer’s recommended starting dilution for this antibody was 1:300, a 

dilution factor of 1:100 was ultimately chosen because this lower dilution factor provided higher 

ratios of signal to noise (appreciable differences in immunostaining intensity such that strong and 

weak positive reactions are distinct from negative reactions) and specific immunostaining 

without any background staining. 

Successful IHC studies also rely on the appropriate selection of positive tissue controls, and 

most studies use tissues from the species of interest.116 Several different tissues were tested for 

suitability as positive controls in this study, including neonatal feline kidney,138 adult feline 
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kidney with chronic kidney disease,169 feline stomach,170 feline oral squamous cell 

carcinoma,49,137 feline cutaneous squamous cell carcinoma,127 feline transitional cell carcinoma,49 

canine transitional cell carcinoma,134 and feline colon carcinoma.126 Feline colon carcinoma was 

ultimately selected as the positive tissue control since it provided specific immunostaining 

compared to the other tissues tested.  

Multiple antigen retrieval methods and detection systems were tested in this study (see 

Appendix 1). In contrast to other studies that routinely employ the avidin-biotin method,49,51,52,59 

the polymeric labelling 2-step method (EnVision™) was utilized in our study. EnVision™ is a 

visualization system based on a compact polymer backbone that carries up to ten molecules of 

secondary antibody and 70 molecules of enzyme.116,171 This system is more sensitive than the 

ABC method, because it amplifies the signals and is not affected by endogenous biotin. This 

method also reduces the total number of assay steps as compared to conventional techniques. 

Sample Population and Categorization 

Cats were categorized histologically into three groups, namely those with lymphocytic-

plasmacytic uveitis, neutrophilic uveitis, and diffuse iris melanoma with or without uveitis. 

Lymphocytic-plasmacytic uveitis represented the greatest proportion of uveitis with the highest 

number of cases in this study. Lymphocyte and plasma cell infiltration is commonly seen in 

chronic uveitis and is also a common histologic feature of idiopathic uveitis, the most common 

scenario reported with feline uveitis.6 In addition, lymphocytic-plasmacytic uveitis may also be 

seen in cases with FIV infection and chronic immunosuppression.42 Glaucoma was frequently 

diagnosed in our uveitis cases, which agrees with a previous report.8  
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There were fewer cases of neutrophilic uveitis and diffuse iris melanoma-associated uveitis. 

Neutrophilic uveitis is mostly encountered secondary to trauma or associated with a course of 

bacterial infection, and is a less common type of uveitis.41 In cats with neutrophilic uveitis, 

ulcerative keratitis was a common historical finding. 

Feline diffuse iris melanoma, which is the most commonly diagnosed feline intraocular 

tumor,172 occurs as a result of malignant transformation of melanocytes in melanosis of the iris 

surface, and has been linked to uveitis and glaucoma. In our study population, glaucoma was a 

frequent historical finding with diffuse iris melanoma, which agrees with other reported 

findings.8 In our study population, the number of cats with inflamed intraocular melanoma was 

almost equal to the number of cats with non-inflamed intraocular melanoma. The association 

between uveitis and feline diffuse iris melanoma has not been clearly established, and a 

definitive link between these two lesions remains elusive. 

Histologic Scoring of Inflammation 

We scored degrees of inflammation in eyes in order to investigate correlation between 

severity of intraocular inflammation and COX-2 expression. To accomplish this, we modified an 

existing scoring system from rodent models of experimental- induced uveitis165-167 to allow 

consistent histologic scoring of lesions according to the cell types of inflammation and the 

number of inflammatory cells. The severity of inflammation was scored on a scale ranging 0–3 

(ZHS and BP).  
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COX-2 Expression in Feline Eyes 

COX-2 expression was detected using IHC in the uvea of a subset of feline eyes with uveitis. 

The location and intensity of COX-2 expression varied between cases with the majority of 

positive staining in non-pigmented ciliary epithelium of the ciliary body. This could be 

attributable to the fact that this epithelial layer produces AH, and therefore appears to be the 

most likely site for detecting inflammatory changes. The majority of cases with positive COX-2 

expression were within the lymphocytic-plasmacytic groups in this study. Our data thus suggest 

a link between lymphocytic-plasmacytic inflammation and COX-2 expression in the feline eye. 

This link could be further investigated with analysis of prostaglandin production either in the 

uvea or the anterior chamber. Although prostaglandin receptors have been detected in the feline 

iris,13,14 a link with prostaglandin receptor expression with specific types of intraocular 

inflammation in cats has not been clearly established. Should such a link be corroborated with 

additional studies, inhibition of COX-2 with NSAIDs could be justified as a therapeutic agent. 

Our study revealed that COX-2 expression is up-regulated during intraocular inflammation of 

cats. This up-regulation of COX-2 has also been described in dogs20,59 and mice.56 We show that 

the intensity and distribution of COX-2 immunostaining is positively correlated with the severity 

of intraocular inflammation. More severe uveitis cases (score 3) were more likely to show COX-

2 expression immunohistochemically than less severe cases (score 1) or normal eyes. This 

relationship has not been investigated in any other species. Ocular tissues have lower 15-PGDH 

activity to metabolize and inactivate PG as a product of COX-2. Therefore, when PG production 

is increased during inflammation, PGs are inadequately removed from the ocular tissues, thus 
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increased intraocular PG results in uveitis and a rise in COX-2 could be detected proportional to 

the severity of uveitis. 

In all eyes with positive COX-2 immunostaining, expression of COX-2 was mostly detected 

in the cornea and to a lesser extent in the uvea. COX-2 expression in the cornea of diseased 

canine eyes has also been reported.58,59 COX-2 expression in the cornea could be a response after 

acute trauma-induced corneal injury or ulcerative keratitis due to buphthalmos secondary to 

glaucoma in chronic uveitis. The majority of cases with COX-2 expression in the cornea also had 

a clinical history of secondary glaucoma. This finding supports data from a previous study that 

showed increased COX-2 expression in all corneal layers (epithelium, stroma, and endothelium) 

in canine glaucomatous eyes.58  

Although studies have shown that COX-2 expression is greater in diseased eyes51,56-60 and 

half of our cases had other ocular complications or sequelae to uveitis, our data suggest that 

presence of multiple ocular lesions secondary to uveitis does not significantly alter the 

expression of COX-2. This phenomenon, however, should be corroborated with a larger number 

of cases. 

In addition, our data revealed that previous therapy did not significantly affect COX-2 

expression in the treated eyes. COX-2 expression was not detected in 7 of 13 cases with uveitis 

treatment. This finding, however, could be a Type II statistical error (false negative) due to 

insufficient sample size and incomplete retrieval of medical history for all cases recruited in the 

study. Additional studies with a larger number of cases should be undertaken to fully investigate 

this phenomenon.   
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COX-2 was not detected in normal feline eyes, nor in feline diffuse iris melanoma cases 

without uveitis. These results differ from previous studies where constitutive COX-2 expression 

was shown in non-diseased human anterior uvea and retina;56 dog ciliary body;56 rabbit anterior 

uvea,55 conjunctiva,55 and cornea;56 monkey conjunctiva;55 mouse and rat retina;56 and pig 

retina.56 Hence, species differences may exist in constitutive intraocular COX-2 expression. The 

absence of COX-2 expression in normal globes and non-inflamed diffuse iris melanoma cases 

also differs from those in a previous study involving canine intraocular malignant melanoma, 

where COX-2 expression was detected in normal eyes, inflamed globes without neoplasia, and 

non-inflamed globes with uveal melanocytic neoplasia.62  

It is worthwhile to note that the pathophysiology of lymphocytic-plasmacytic uveitis, 

neutrophilic uveitis, and diffuse iris melanoma-associated uveitis are distinct from each other 

from several view points, including the likely primary cause, pathogenesis, duration, and 

histomorphologic criteria. For neutrophilic uveitis, globes with neutrophil infiltration in other 

segments of the eye besides the uveal tract (i.e. endophthalmitis and panophthalmitis) were also 

recruited in our study. This may ultimately have influenced the COX-2 scores and the final study 

outcomes.  

Limitations 

Results of this work showed that COX-2 is not expressed in all inflamed feline eyes, which 

may be due to several factors. The lack of significant COX-2 expression in the majority (> 64%) 

of inflamed feline eyes may be due to fluctuations in expression throughout the disease 

progression. The timeline for COX-2 expression during the course of inflammation has not been 

established in cats. Limited information on the timeline for COX-2 expression is available in one 
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canine study of experimental- induced uveitis,20 where COX-2 was detected on the 8th hour post-

induction. In our study, the time from the initial insult and subsequent inflammation until 

enucleation in most cases was prolonged, and therefore intermittent or early COX-2 expression 

would not have been detected in this particular subset of cat eyes. An alternative explanation to 

the lower than expected COX-2 expression in our study is that cellular COX-2 concentration in 

eyes was below the level of immunohistochemical detection due to poor sensitivity of the IHC 

method. Since IHC has been reported as a useful method for COX-2 detection in various species 

and tissues,51,52,59,60,138 low sensitivity was suspected when we observed minimal or no COX-2 

immunostaining with the ABC method during the early stages of this study, despite the use of 

different primary antibodies.  In order to address the low levels of COX-2 in our cases, 

EnVision™ was used, which proved effective in identification of COX-2 expression in a subset 

of cases. Administration of either systemic or topical anti-inflammatory therapy prior to 

enucleation and collection of tissues may have also altered or reduced COX-2 expression at the 

cellular level in the eye. Unfortunately, clinical information such as the type and duration of 

treatment prior to enucleation was not available for the majority of the cases. Access to medical 

history was precluded by confidentiality agreements and/or unavailability of medical records.  

Computer-assisted image analysis121 might have been preferable to decrease interpretation 

bias such as individual observation and subjective scoring of the results by investigators. This 

limitation, however, was minimized in this study by establishing a well-defined scoring system 

and repeating the scoring by multiple investigators. 

A successful IHC study relies on the ability of the primary Ab to recognize only its target Ag. 

Molecular characterization of feline COX-2 was performed in a study, which reported an 89% 
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and 88% homology between feline COX-2 with mouse and rat COX-2 amino acid sequences, 

respectively.52 Our study, however, revealed an 80% homology between feline and murine 

immunogen sequences.b This relatively low homology of murine to feline COX-2 amino acid 

sequences can lead to potential false positive results due to non-specific cross reactivity or other 

off target protein binding. Consequently, a proper validation of the primary antibody used to 

detect COX-2 expression in feline eyes is important. Thorough validation of an antibody, 

however, is difficult and time intensive. Recombinant expression of canine COX-2 in cell lines 

or assessment of mRNA levels is recommended for a proper antibody validation, in addition to 

WB validation. 

Future Directions 

Although in our study, IHC was a reliable technique with high specificity to detect COX-2 

expression in feline ocular tissues, other quantitative techniques with higher sensitivity, such as 

WB,140 may be useful to better characterize COX-2 expression in inflamed feline eyes. This can 

be achieved by determining the ocular COX-2 activities using a quantitative marker such as 

PGE2. WB was not employed because this technique does not allow localization of COX-2 

expression within the affected tissue/eye. Future or additional studies should also consider the 

use of enzyme-linked immunosorbent assay (ELISA) to detect COX-2 or its products (i.e. 

prostaglandins) in aqueous humour.20  

                                 
b
 Stefan Keller, personal communication, May 13 and 17, 2016. 
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Future studies with larger number of inflamed feline eyes using the IHC technique described 

in addition to WB or ELISA to quantify COX-2 expression and production would corroborate 

and further characterize the findings of the present study.  

In addition, clinical trials with either experimentally induced or natural occurring uveitis 

should also be undertaken to fully investigate the roles of COX-2 in the eye during inflammation, 

and thus the potential therapeutic use of COX-2 inhibitors as a target of therapeutic intervention 

of inflammation in the feline eye. 
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CHAPTER 5: CONCLUSIONS 

This study investigated the expression of COX-2 in feline eyes with and without uveitis. It 

was hypothesized that constitutive COX-2 expression is found in feline eyes. Our data, however, 

revealed that neither normal eyes nor non-inflamed diffuse iris melanoma cases showed COX-2 

expression. COX-2 expression was detected at various locations in inflamed eyes, including the 

uveal tract, cornea, conjunctiva, and inflammatory cells within the vitreous chamber. This study 

also supports the research hypothesis that COX-2 expression is up-regulated during 

inflammation of ocular tissues. The expression of COX-2 was positively correlated with severity 

of uveal inflammation, independently of the cell types comprising the inflammatory lesions. 

IHC was successfully used in the present study to localize COX-2 expression in inflamed 

feline eyes. Results of this study can be regarded as a foundation for future investigations to 

elucidate the role played by COX-2 in feline uveitis.  
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Appendix 1. Preliminary IHC Protocols (* represents the final IHC protocol employed in this study.) 

Protocol 
Primary 

Antibody 

Dilution 

Factor 
Tissue  

Antigen 

Retrieval  
Incubation 

Detection 

System  
Outcomes 

1 RabMAb 1:200 Feline neonatal kidney 
Feline oral SCC 
Feline cutaneous SCC 
Feline colon carcinoma 
Feline TCC 
Feline stomach (pylorus) 
Feline stomach (fundus) 
 

Pressure cooker 
110°C for 10, 
15, 20 minutes 

Overnight at 
4°C 

Vectastain 
ABC-AP 
 
EnVision HRP  

Tissues not well-
preserved; 
Background staining; 
Very little and non-
specific staining; 
Amplified signal and 
better contrast in 
cutaneous SCC with 
EnVision 

2 MouMAb 1:50 
1:100 

Canine TCC 
Feline stomach 
Feline cutaneous SCC 

Pressure cooker 
110°C for 5, 3 
minutes 
 

Overnight at 
4°C 

Vectastain 
ABC-AP 

Tissues well-preserved; 
Specific staining in 
canine tissues; 
No staining in feline 
tissues 

3* RabPAb* 1:300 
1:400 
1:600 
1:800 
1:100* 

Feline adult kidney   
    (CKD) 
Canine TCC 
Feline stomach (fundus) 
Feline cutaneous SCC 
Feline lymphocytic- 
    plasmacytic uveitis 
Feline neutrophilic  
    uveitis 
Feline colon carcinoma* 
 

Pressure cooker 
110°C for 15, 5, 
3, 1* minutes 

1 hour at room 
temperature 
 
Overnight at 
4°C* 

Vectastain 
ABC-AP 
 
EnVision 
HRP* 

Tissues well-preserved 
with shorter retrieval 
time; 
Specific staining in 
canine tissues but not in 
feline tissues with ABC-
AP; 
Specific staining in 
feline colon carcinoma 
with EnVision HRP 

(RabMAb = rabbit monoclonal antibody; MouMAb = mouse monoclonal antibody; RabPAb = rabbit polyclonal antibody; SCC = 

squamous cell carcinoma; TCC = transitional cell carcinoma; CKD = chronic kidney disease; ABC-AP = avidin-biotin complex-

alkaline phosphatase; HRP = horseradish peroxidase.)
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Appendix 2: Description of the Sample Population, Lesions, and Therapy 

ID Age Breed Gender 

Category 

of 

Uveitis
c
 

Severity 

of 

Uveitis 

Uveal 

COX-2 

IHC 

score 

Extra-uveal 

COX-2 

expression 

Sequelae 
Concurrent 

disease(s) 
Treatment 

1 14 y DSH M 1 1 0 Not detected Blindness Meningitis; rhinitis; 
glomerulonephritis 

Not available 

2 12.1y DLH M 1 3 0 Not detected 2° Anterior 
lens luxation; 
cataract;  
2° glaucoma 

Hyperthyroidism; 
heart murmur 

Topical 
prednisolone 
acetate 

3 Adult DLH M 1 2 0 Not detected None reported Nephritis; 
conjunctivitis & 
keratitis; myocardial 
fibrosis; 
dermatopathy 

No treatment 

4 54 d DLH F 1 2 0 Cornea 2° glaucoma None reported No treatment 

5 14 y DSH F 1 1 0 Not detected None reported Leukemia; thyroid 
neuroendocrine 
adenoma; 
hypertrophy 
cardiomyopathy; 
tonsilitis; 
demodicosis; biliary 
hamartoma 

No treatment 

6 1.6 y Sphinx F 1 3 3 Cornea Retinal 
detachment; 
2° glaucoma 

Ulcerative keratitis Topical 
nepafenac 

7 14 y DSH F 1 3 1 Cornea Not available Not available Not available 

                                 
c
 Category of uveitis: 1 = Lymphocytic-plasmacytic uveitis; 2 = Neutrophilic uveitis; 3 = Diffuse iris melanoma. 

 

88 



 
 

89 
 

8 11 y DSH M 1 2 0 Not detected Not available Not available Not available 

9 13 y DSH M 1 3 0 Not detected Not available Not available Not available 

10 7 y DLH M 1 1 2 Not detected Cataractous 
retinal atrophy 

Descemetocoele Not available 

11 NA DSH NA 1 2 0 Not detected 2° glaucoma Not available Not available 

12 51 d DSH M 1 3 0 Cornea None reported Ulcerative keratitis No treatment 

13 NA DLH M 2 2 1 Not detected Retinal 
detachment 

Suppurative 
conjunctivitis; 
mandibular fracture 

No treatment 

14 12 y Persian F 2 2 0 Not detected 2° glaucoma; 
retinal 
detachment 

Not available Not available 

15 6 m DSH F 2 1 0 Cornea; 
conjunctiva 

None reported Pneumonia No treatment 

16 16 y Himalayan M 2 1 0 Not detected None reported Thyroid adenoma; 
myocardial fibrosis; 
polycystic 
renal/hepatic disease; 
glomerulonephritis; 
lymphocytic 
interstitial nephritis; 
atrophic 
dermatopathy 

No treatment 

17 NA DSH NA 2 2 0 Cornea None reported Descemetocoele Not available  

18 NA Himalayan NA 2 1 0 Cornea Retinal 
detachment; 
cataract 

Ulcerative keratitis; 
vitreous liquefaction 

Not available 

19 5 y Manx F 2 2 3 Vitreous 
chamber 

Retinal 
detachment  

Pneumonia; 
peritonitis  

Topical 
prednisolone 
acetate 

20 10 y Persian M 2 2 0 Cornea Blindness Ulcerative keratitis; 
keratomalacia 

Systemic 
meloxicam 
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21 5 y DSH M 2 1 0 Cornea None reported Ulcerative keratitis Systemic 
meloxicam 

22 NA NA NA 2 3 0 Cornea Not available Not available Not available 

23 13 y DSH F 3 1 0 Not detected 2° glaucoma; 
retinal atrophy 

None reported No treatment 

24 NA DSH F 3 0 0 Not detected Early 
glaucoma 

None reported No treatment 

25 15 y DSH F 3 2 0 Cornea None reported Sinusitis No treatment 

26 8 y DSH F 3 1 0 Not detected None reported None reported Systemic 
NSAID 

27 10 y Burmese M 3 0 0 Not detected Not available Not available Not available 

28 17 y DSH M 3 1 0 Not detected None reported  None reported No treatment 

29 14 y DSH F 3 2 0 Not detected 2° glaucoma Carnassial abscess 
(treated with 
Clavaseptin®) 

Topical fusidic 
acid 

30 8 y Exotic SH F 3 0 0 Not detected 2° glaucoma Ear infection (treated 
with Surolan®) 

No treatment 

31 12 y DSH F 3 2 1 Cornea None reported Hyperthyroidism  No treatment 

32 12 y DSH M 3 0 0 Not detected None reported None reported Topical 
corticosteroid 
and NSAID 

33 12 y DSH M 3 0 0 Cornea Not available Not available Not available 

34 4 y DSH M 3 1 0 Not detected Not available Not available Not available 

35 12 y Persian F 3 0 0 Not detected None reported None reported  No treatment 

36 NA NA NA 3 0 0 Not detected Not available Not available Not available 

37 NA NA NA 3 2 0 Not detected Not available Not available Not available 

38 12 y DSH M 3 2 0 Not detected Not available Not available Not available 

39 8 y DSH F 3 1 0 Not detected 2° glaucoma None reported Topical 
tobramycin  

40 13 y DSH F 3 1 0 Not detected Not available Not available Not available 
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41 11 y Siamese M 1 3 1 Not detected 2° glaucoma; 
cataract 

None reported Systemic 
aspirin & 
methazolamide 

42 9 y DMH F 1 3 1 Cornea  Not available None reported No treatment 

43 12 y DLH M 1 3 2 Cornea Lens luxation FIV Not available 

44 9 y DSH M 1 3 2 Cornea  2° glaucoma None reported Not available 

45 8 y DSH M 1 2 2 Not detected 2° glaucoma None reported Topical 
brinzolamide 
& prednisolone 
acetate 

46 9 y DSH M 1 2 4 Not detected 2° glaucoma None reported Not available 

47 3 y DSH M 2 3 2 Cornea 2° glaucoma FIP Not available 

48 14 y DSH M 1 3 2 Cornea  2° glaucoma None reported Systemic & 
topical 
corticosteroids 

49 8 y Siamese F 2 3 9 Cornea 2° glaucoma None reported Topical 
dorzolamide & 
tobramycin 

50 5 y DMH M 1 3 3 Cornea None reported None reported No treatment 

51 11 y Himalayan M 2 2 0 Cornea 2° glaucoma None reported Not available 

(NA = not available) 
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(U+ = with uveitis; U- = without uveitis; PMN = polymorphonuclear cells; MN = mononuclear 

cell) 

 

 

 

Location 

Number of Cases 

Cell type(s) 
Lymphocytic-

plasmacytic 

uveitis 

(n = 20) 

Neutrophilic 

uveitis 

(n = 13) 

Diffuse iris 

melanoma 

(n = 18) 

U+ U- 

Uvea 
Iris 9 2 1 0 

Fibroblasts/PMN/
MN/Macrophages 

Ciliary body 11 4 1 0 

Epithelial cells/ 

Muscle cells/ 
PMN/MN 

Choroid 0 2 0 0 
Endothelial cells/ 

PMN/MN 

Cornea 
Epithelium 7 4 1 1 

Basal cells/Wing 

cells 

Stroma 3 5 0 0 
Fibroblasts/PMN/

MN 

Endothelium 4 7 1 0 Endothelial cells 

Conjunctiva Epithelium 

0 1 0 0 
Epithelial 

cells/PMN Lamina 
propria 

Vitreous 

chamber  0 1 0 0 PMN 

Appendix 3: COX-2 expression by anatomic location in 51 diseased eyes 
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Appendix 4: Scatterplot of corneal IHC score and severity of uveitis  
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