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ABSTRACT

This study investigated the prevalence of breed, age, and sex of canine primary glaucoma
patients, and analyzed the aqueous humor (AH) of canines with primary angle-closure
glaucoma (PACG).

In chapter 1, the prevalence of canine primary glaucoma by breed, age, and sex was
compared with previous reports in Korea. We included the medical records of dogs

diagnosed with primary glaucoma who visited the veterinary medical teaching hospital of



Seoul National University (SNU) from January 2011 to December 2020 and investigated
their breed, age, and sex. All the patients underwent a full ophthalmic examination. We
analyzed the results using a binary logistic regression analysis based on the Jindo dog,
which was close to the mean value of the primary glaucoma incidence rate. Of the 14,587
dogs treated at the veterinary medical teaching hospital of SNU, 107 (0.73%) were
diagnosed with primary glaucoma. Glaucoma occurred in 14 breeds, including
American Cocker Spaniel, Shih Tzu, Maltese, Pomeranian, Jindo dog, Mixed Breed,
Pekinese, Toy Poodle, Samoyed, Shiba Inu, Miniature Pinscher, Boston Terrier,
Labrador retriever, and Yorkshire Terrier. The mean age of onset of primary glaucoma
was 7.8 + 2.3 years old. Primary glaucoma was observed in 53 spayed females, 11
females, 38 castrated males, and 5 males. Regardless of neutralization, the ratio of
females to males was 1.5:1. This study showed that primary glaucoma was significantly
higher in American Cocker Spaniels and higher in Shih Tzus than other breeds in Korea;
they had the highest incidence of primary glaucoma at 7 and 8 years of age, respectively.
Therefore, the two breeds should be carefully monitored for the occurrence of primary
glaucoma when they approach 7 years of age.

In chapter 2, proteomic profiles of the aqueous humor (AH) of canines with primary
angle-closure glaucoma (PACG) was analyzed and associated protein alterations was
identified. Six American Cocker Spaniels with PACG and six American Cocker Spaniels
without ocular disease. Total AH protein concentration was determined by the
bicinchoninic acid (BCA) assay. AH protein samples were quantified by liquid

chromatography-mass spectrometry (LC-MS/MS) and the Gene Ontology (GO)



enrichment analysis was performed using ClueGO. The AH protein concentration in the
PACG group (10.49 £ 17.98 ug/ul) was significantly higher than that of the control
group (0.45 + 0.11 pg/ul; p < 0.05). A total of 758 proteins were identified in the AH.
Several proteins both significantly increased (n=69) and decreased (n=252) in the PACG
group compared to those in the control group. GO enrichment analysis showed that the
“response to wounding”, “negative regulation of endopeptidase activity” and “cell
growth” pathways were the most enriched terms in the PACG group compared to the
control group. The top 5 proteins that were significantly increased in the AH of the
PACG group were secreted phosphoprotein 1 (SPP1), peptidoglycan recognition proteins
2 (PGLYRP2), tyrosine 3-monooxygenase (YWHAE), maltase-glucoamylase (MGAM),
and vimentin (VIM). Gene Ontology enrichment analysis using the proteomic data
showed that proteins and pathways related to inflammation were significantly
upregulated in the various stage of PACG. Proteomic analysis of the AH from the PACG
may provide valuable insights into PACG pathogenesis.

In conclusion, Shih Tzu and Cocker Spaniel should be concerned about primary
glaucoma at the age of seven and the aqueous humor analysis of primary glaucoma
patients, and identified proteins which are potential biomarkers for assessing increased

risk.

Keywords: American Cocker Spaniel, angle-closure glaucoma, aqueous humor, dog,
LC-MS/MS, primary glaucoma, proteomics

Student number: 2005-30560
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GENERAL INTRODUCTION

Glaucoma is a complex group of optic neuropathy that causes progressive retinal
ganglion cell and their axons apoptosis and irreversible vision loss, associated with
atrophy of retina and optic nerve (Koméromy et al.,2019). Glaucoma is classified as
congenital, primary, or secondary glaucoma according to the etiology of the disease.
Congenital glaucoma (characterized by goniodysgenesis with iridocorneal angle
abnormalities) occurs at a relatively early age (<1 year of age) and has a low occurrence
in dogs (Strom et al., 2011). In addition, congenital glaucoma has been reported at the
age of 21 days in the breed Dogue de Bordeaux, 28 days in Jack Russell Terrier, 35 days
in German Hunting Terrier, and 6.5 months in Kooikerhondje in Switzerland (Strom et
al., 2011). Unlike secondary glaucoma, primary glaucoma develops because of primary
abnormalities rather than other ocular diseases. It occurs bilaterally, and breed
predisposition has been reported (Park et al., 2019). Although the exact mechanism of
primary glaucoma is still unknown, genes that develop glaucoma have been documented
(Park et al., 2019). Primary glaucoma is divided into primary open-angle glaucoma
(POAG) and primary angle-closure glaucoma (PACG). In POAG, the ICA is normal at
the beginning of the disease, but gradually becomes closed; it has been reported in

juvenile beagles or middle-aged-to-older Petit Basset Griffon Vendéens and Norwegian



Elkhounds (Kuchtey et al., 2013; Ahonen et al., 2015; Bedford, 2017). POAG often has
a mutation gene, such as ADAMTS10, that affects trabecular meshwork and raises the
IOP (Kuchtey et al., 2013). It is more common in humans than in dogs (Kuchtey et al.,
2013). However, PACG is characterized by structural abnormalities, such as a narrowed
ICA and ciliary cleft. It is also closely associated with pectinate ligament dysplasia
(PLD), and high 1OP-related clinical signs usually occur in middle-to-old age (Pearl et al.,
2015). The breed predispositions for PLD are English Springer Spaniel, Flat-coated
retriever, Great Dane, and Samoyed (Ekesten and Torrang, 1995; Wood et al., 2001;
Bjerkas et al., 2002). The prevalence of PACG in primary glaucoma is approximately 26%
and 87% in humans and dogs, respectively (Miller, 2018; Dubey et al., 2019). Among
congenital, primary, and secondary glaucoma, PACG progresses most rapidly and even

causes vision loss with severe pain within a day in dogs (Miller, 2018).

The mechanism underlying intraocular pressure (IOP) elevation in human POAG is
yet to be elucidated; however, the mechanism underlying 10P elevation was identified in
Beagle and Basset Hound by ADAMTS10 and nebulin (NEB), respectively.
ADAMTS17 mutation has also been identified as a causative mutation in POAG in the
breeds Shar Pei and Petit Basset Griffon Vendeen (Ekesten and Torrang, 1995; Heo et al.,
2018; Dubey et al., 2019). In humans, optic neuropathy can develop even with normal
IOP, and it has been shown that an increase in IOP can further exacerbate glaucoma
(Weinreb et al., 2014). While nebulin mutations exert a strong effect on the anterior
segment, ADAMTS10 mutations affect the elasticity of the scleral and optic nerve head

lamina; therefore, the potential effect of these mutations on the optic nerve cannot be



considered independent of 10P elevation (Dubey et al., 2019). Controlling IOP through
medication or surgical methods is known as the best treatment for glaucoma (Houston
and Moore, 2009; Heo et al., 2018). Early diagnosis of glaucoma is important for a better

prognosis and appropriate treatment to prevent vision loss.

The optically clear fluid, aqueous humor (AH) is crucial as it supplies nutrients to the
avascular ocular structures and removes metabolic waste from these structures (Kato et
al., 2006). The AH maintains the IOP, has antioxidant properties, and plays an important
role in the immunity of the eye (Kato et al., 2006; Kim et al., 2016). AH is secreted by
the ciliary body epithelium and contains various proteins (Kato et al., 2006). Depending
on ocular diseases, the AH displays different protein expression patterns (Kuchtey et al.,
2013). Some proteins appear or increase, while some proteins disappear or decrease

depending on the mechanism of various ocular diseases (Kunz et al., 2015).

Mass spectrometry (MS)-based proteomics is a key technology for large-scale protein
identification and quantification (Aslam et al.,, 2017). Understanding the protein
expression levels will help in the prevention, diagnosis, treatment, and prognosis of
glaucoma (Li et al., 2017). Proteomic analysis has been applied in human ophthalmology
to understand the pathogenesis of glaucoma (Sharma et al., 2018). Previous studies
suggested that some AH proteins could be closely related to the development of
glaucoma. In veterinary ophthalmology, while AH proteomic studies have not been
conducted for canine glaucoma, a proteomic study has been performed on the tear film in
canine glaucoma, and elevated levels of myocilin, CD44, metalloproteinase 2, endothelin

1, nitric oxide, and nebulin were detected in the AH of dogs with glaucoma using



Coomassie staining, enzyme immunoassay, and Western blot (Kéllberg et al., 2007;
Weinstein et al., 2007; MacKay et al., 2008; Dina et al., 2015; Graham et al., 2021).
Peptidoglycan recognition protein 2 (PGLYRP2) plays a very important role in the innate
immune response and has antibacterial activity. However, its role in veterinary
ophthalmology is not well known (Brandley and Schnaar, 1986; Ranjita et al., 2015).
Proteomic analyses of AH have been performed in animals, such as rabbits and rats, as
well as in humans. However, to the best of our knowledge, proteomic analysis of AH has

not been performed in dogs.

The purpose of this study was to determine the prevalence of breed, age, and sex of
canine primary glaucoma by comparing previous reports in Korea (Chapter 1) and
perform proteomic analysis of the AH of dogs with PACG and identify associated
protein alterations. Proteomic analysis may provide valuable insights into glaucoma
pathogenesis, thereby identifying proteins that are potential biomarkers for assessing

increased risk (Chapter 2).



CHAPTER I

A Retrospective Study of Canine Primary Glaucoma (2011-2020)



ABSTRACT

The prevalence of breed, age, and sex of canine primary glaucoma was determined by
comparing previous reports in Korea. The medical records were included dogs diagnosed
with primary glaucoma who visited the veterinary medical teaching hospital of Seoul
National University (SNU) from January 2011 to December 2020 and investigated their
breed, age, and sex. All the patients underwent a full ophthalmic examination. We
analyzed the results using a binary logistic regression analysis based on the Jindo dog,
which was close to the mean value of the primary glaucoma incidence rate. Of the 14,587
dogs treated at the veterinary medical teaching hospital of SNU, 107 (0.73%) were
diagnosed with primary glaucoma. Glaucoma occurred in 14 breeds, including
American Cocker Spaniel, Shih Tzu, Maltese, Pomeranian, Jindo dog, Mixed Breed,
Pekinese, Toy Poodle, Samoyed, Shiba Inu, Miniature Pinscher, Boston Terrier,
Labrador retriever, and Yorkshire Terrier. The mean age of onset of primary glaucoma
was 7.8 + 2.3 years old. Primary glaucoma was observed in 53 spayed females, 11
females, 38 castrated males, and 5 males. Regardless of neutralization, the ratio of
females to males was 1.5:1. This study showed that primary glaucoma was significantly
higher in American Cocker Spaniel and higher in Shih Tzu than other breeds in Korea;
they had the highest incidence of primary glaucoma at 7 and 8 years of age, respectively.
Therefore, the two breeds should be carefully monitored for the occurrence of primary

glaucoma when they approach 7 years of age.



INTRODUCTION

Glaucoma is a painful, progressive, and leading cause of irreversible blindness in humans
and dogs (Dees et al., 2014; Medeiros et al., 2015). In glaucoma, apoptosis of retinal
ganglion cells and axons results from heterogeneous causes, such as inhibition of
aqueous humor drainage, leading to an increase in intraocular pressure (I0OP) (major risk
factor) (Seon et al., 2020). Congenital glaucoma (characterized by goniodysgenesis [GD]
with iridocorneal angle [ICA] abnormalities) occurs at a relatively early age (<1 year of
age) and has a low occurrence in dogs (Seon et al., 2020). In addition, congenital
glaucoma has been reported at the age of 21 days in the breed Dogue de Bordeaux, 28
days in Jack Russell Terrier, 35 days in German Hunting Terrier, and 6.5 months in
Kooikerhondje in Switzerland (Strom et al., 2011). Unlike secondary glaucoma, primary
glaucoma develops because of primary abnormalities rather than other ocular diseases. It
occurs bilaterally, and breed predisposition has been reported (Park et al., 2012).
Although the exact mechanism of primary glaucoma is still unknown, genes that develop
glaucoma have been documented (Park et al., 2019). Primary glaucoma is divided into
primary open-angle glaucoma (POAG) and primary angle-closure glaucoma (PACG). In
POAG, the ICA is normal at the beginning of the disease, but gradually becomes closed;
it has been reported in juvenile beagles or middle-aged-to-older Petit Basset Griffon
Vendéens and Norwegian Elkhounds (Quigley, 1993; Kaeslin et al., 2016; Plummer et
al., 2021a). POAG often has a mutation gene, such as ADAMTSI10, that affects

trabecular meshwork and raises the 10P (Kuchtey et al., 2013). It is more common in



humans than in dogs (MacKay et al., 2008). However, PACG is characterized by
structural abnormalities, such as a narrowed ICA and ciliary cleft. It is also closely
associated with pectinate ligament dysplasia (PLD), and high IOP-related clinical signs
usually occur in middle-to-old age (Pearl et al., 2015). The breed predispositions for
PLD are English Springer Spaniel, Flat-coated retriever, Great Dane, and Samoyed
(Bjerkas et al., 2002). The prevalence of PACG in primary glaucoma is approximately
26% and 87% in humans and dogs, respectively (Miller et al., 2018; Dubey et al., 2019).
Among congenital, primary, and secondary glaucoma, PACG progresses most rapidly
and even causes vision loss with severe pain within a day in dogs (Miller et al., 2018).
Primary glaucoma has been reported to occur in 42 predisposed breeds (Gelatt and
MacKay, 2004). The American Cocker Spaniel, Basset Hound, Chow Chow, Shar-Pei,
and Boston Terrier in North America; Siberian Husky, mixed breed, Entlebucher
Mountain Dog, Vizsla, and Newfoundland in Switzerland; Shiba Inu Dog, Shih Tzu,
Mixed breed, American Cocker Spaniel, and Beagle in Japan; and American Cocker
Spaniel, Shih Tzu, and mixed breed in Korea, are breeds with a high prevalence of
primary glaucoma (Gelatt and MacKay, 2004; Kato et al., 2006; Strom et al., 2011; Park
et al., 2012). The prevalence of primary glaucoma is affected by nation, region, and
breed preferences. Primary glaucoma is diagnosed using gonioscopy, ultrasound
biomicroscopy (UBM), high-resolution ultrasonography (HRUS), or optical coherence
tomography (Plummer et al., 2021b). The ICA can be identified as open, narrow,
occluded, or GD. This study investigated the prevalence of breed, age, and sex of canine

primary glaucoma by comparing previous reports in Korea.



MATERIALS AND METHODS

In this study, we included the medical records of dogs diagnosed with primary glaucoma
who visited the veterinary medical teaching hospital of Seoul National University (SNU)
from January 2011 to December 2020. We investigated breed, age, and sex of patients
diagnosed with primary glaucoma. All patients underwent a full ophthalmic examination.
Schirmer tear test-1 (STT-1; Schering-Plough Animal Health, Union, NJ, USA),
tonometry (TonoVet®, iCare, Helsinki, Finland), fluorescein staining (FIu—GIo®, Akorn
Pharmaceuticals, Decatur, IL, USA), neuro-ophthalmic testing, slit-lamp biomicroscopy
(SL-D7°, Topcon, Tokyo, Japan), gonioscopy (Volk Optical, Mentor, OH, USA),
indirect ophthalmoscopy (Vantage Indirect Ophthalmoscope® , Keeler, Windsor, UK)
with a 30D condensing lens, and b-mode ocular ultrasonography were performed. The
ICA and ciliary cleft were identified using gonioscopy and UBM (MD-320W; MEDA
Co., Ltd, Tianjin, China). The diagnostic criteria for primary glaucoma were an 10P of
>30 mmHg measured using rebound tonometer and accompanied by clinical signs of
glaucoma, including episcleral injection, mydriasis, corneal edema, buphthalmos, optic
disc cupping, retinal hyperreflectivity, ocular pain, and reduced or loss of vision. We
excluded patients with secondary glaucoma with a history of lens luxation, uveitis,
intraocular tumors, ocular trauma, or those who had undergone intraocular surgery, such
as phacoemulsification. The results of this study were compared with those of a previous
study on American Cocker Spaniels and Shih Tzus, the breeds with the highest

prevalence of primary glaucoma in Korea (Park et al, 2012). We compared and analyzed



the data obtained using binary logistic regression analysis based on the results of analysis
on the Jindo dog, which were close to the mean value of the primary glaucoma incidence

rate.
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RESULTS

Of the 14,587 dogs treated at the veterinary medical teaching hospital of SNU, 107
(0.73%) were diagnosed with primary glaucoma. Glaucoma occurred in 14 breeds,
including American Cocker Spaniel, Shih Tzu, Maltese, Pomeranian, Jindo dog, Mixed
Breed, Pekinese, Toy Poodle, Samoyed, Shiba Inu, Miniature Pinscher, Boston Terrier,
Labrador retriever, and Yorkshire Terrier (Table 1). In this study, we identified nine new
breeds, including Pomeranian, Jindo dog, Toy Poodle, Samoyed, Shiba Inu, Miniature
Pinscher, Boston Terrier, Labrador retriever, and Yorkshire Terrier, which were not
reported in previous domestic studies. Compared with previous studies in Korea, primary
glaucoma was also significantly higher in American Cocker Spaniels and higher in Shih
Tzus in this study (Park et al, 2012). The mean age of onset of primary glaucoma was 7.8
+ 2.3 (mean + SD) years old. The top three breeds, American Cocker Spaniel, Shih Tzu,
and Maltese, had a mean age of 7.8 £ 2.6, 8.1 £ 2.6, and 8.9 + 2.0 years old, respectively.
The sexes of primary glaucoma breeds were 53 spayed females, 11 females, 38 castrated
males, and 5 males. Regardless of neutralization, the ratio of females to males was 1.5:1.
The ratios of females to males in the American Cocker Spaniel, Shih Tzu, and Maltese
breeds were 1.3:1, 1.4:1, and 1.8:1, respectively. The mean I0OP was 44.0 £ 21.4 (mean
SD) mmHg at the time of hospital visit. The mean IOPs of the American Cocker Spaniel,
Shih Tzu, and Maltese breeds were 47.4 + 25.4 mmHg, 48.4 + 18.0 mmHg, and 47.6 =

24.6 mmHg, respectively. Primary glaucoma occurred in 60 right eyes and 47 left eyes.
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Tabel 1. Patients summary with primary glaucoma. Binary logistic regression analysis based on the Jindo dog

No Breeds Individual ;{;anag%a Inci der?;:/;):)rate Age Sex (F:M) ?5[;78%[)1 p value
1 American Cocker Spaniel 656 36 55 7.812.6 19:17 21:15 0.002*
2 Shih Tzu 1698 39 2.3 8.1+2.6 23:16 20:19 0.057
3 Maltese 2977 11 0.37 8.9+2.0 8:3 6:5 0.353
4 Pomeranian 930 4 0.43 7.0£2.6 31 2:2 0.553

Jindo dog 444 3 0.68 5.7£2.5 2:1 2:1 -
6 Mixed Breed 789 2 0.25 7.5%£3.5 0:2 2:0 0.282
7 Pekinese 570 2 0.35 11.5+0.7 2:0 0:2 0.472
8 Toy Poodle 1461 2 0.14 10.0x4.4 11 2:0 0.080
9 Samoyed 303 2 0.66 6.0+1.4 2:0 0:2 0.980

10 Shiba Inu dog 313 2 0.64 3.0+£2.8 11 11 0.951
11 Miniature pinscher 476 1 0.21 6 1:0 1:0 0.311
12 Boston Terrier 309 1 0.32 9 1:0 1:0 0.523
13 Labrador Retriever 582 1 0.17 8 0:1 1:0 0.235
14 Yorkshir Terrier 1,399 1 0.07 11 1:0 1:0 0.051
15 Others 1,680 0 0

Total 14,587 107 0.73 7.8£2.3 64:43 60:47

* p value < 0.05
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DISCUSSION

This study investigated breed prevalence, age, and sex, of canine primary glaucoma in
Korea from 2011 to 2020. The breeds with primary glaucoma vary in different countries
and regions and may change with time for numerous reasons. Therefore, the occurrence
of primary glaucoma may also change. In this study, primary glaucoma occurred at a
high rate in the following order of breeds: American Cocker Spaniel, Shih Tzu, Maltese,
and Pomeranian. It did not occur in the Maltese breed at a significantly higher rate, even
though it is a very popular breed in Korea. A large number of primary glaucoma cases
were confirmed because of the large study population. In the current study, compared
with a previous study, we identified nine new breeds, including Pomeranian, Jindo dog,
Toy Poodle, Samoyed, Shiba Inu, Miniature Pinscher, Boston Terrier, Labrador retriever,
and Yorkshire Terrier. Cases of primary glaucoma in the Pomeranian, Toy Poodle,
Samoyed, Shiba Inu dog, Boston Terrier, Labrador retriever, and Yorkshire Terrier
breeds have been reported in the United States, Japan, and Switzerland (Gelatt and
MacKay, 2004; Kato et al., 2006; Strom et al., 2011). Among these breeds, Shiba Inus
had the highest incidence (3.4%) of glaucoma in Japan, and it is gradually increasing in
Korea. Although the incidence rate was low, Jindo dogs had no report of primary
glaucoma in other countries and regions. The reason for this is because the Jindo dog is a
preferred breed in Korea, just as the West Highland White Terrier in North America, the
Entlebucher Mountain Dog in Switzerland, and the dachshund in Japan (Gelatt and

MacKay, 2004; Kato et al., 2006; Strom et al., 2011). Another reason for this was
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probably the lack of reports on the prevalence of primary glaucoma in these breeds. In
this study, the prevalence of primary glaucoma was higher (0.73%) than in a previous
study in Korea (0.55%) (Park et al, 2012). This observation was similar to that in a study
on primary glaucoma in North America, which showed a steady increase in over 40 years
(1964-73: 0.29%, 1974-1983: 0.46%, 1984-1993: 0.76%, 1994-2002: 0.89%) (Gelatt and
MacKay, 2004). In Korea, as in North America, the diagnosis of primary glaucoma has
increased with the distribution of ophthalmic equipment, such as tonometers, slit-lamp
biomicroscopes, gonioscopes, and the increasing number of private specialty practices.
American Cocker Spaniels and Shih Tzus demonstrated a high prevalence of primary

glaucoma, which was similar to results of a previous study in Korea (Park et al., 2012).

Primary glaucoma in American Cocker Spaniels is characterized by a narrowed ICA
and ciliary cleft with PLD (Plummer et al., 2021b). This breed has a high prevalence of
primary glaucoma worldwide, including in North America, Japan, Switzerland, and
South Korea (Gelatt and MacKay, 2004; Kato et al., 2006; Strom et al., 2011; Park et al,
2012). The mean ages of the American Cocker Spaniels at the onset of primary glaucoma
in North America, Japan, and the previous domestic study were 6.4 + 1.3, 7.4 £ 2.5, and
6.8 £ 2.1 years old, respectively (Gelatt and MacKay, 2004; Kato et al., 2006; Park et al.,
2012), and that of the present study was 7.8 + 2.6 years old. The females to males ratio in
North America, Japan, and the previous domestic study was 1.5:1, 1:1, and 2.6:1,
respectively, and 1.3:1 in this study. The prevalence of primary glaucoma in the
American Cocker Spaniel was as follows: 5,984 (1.39%; 1964-1973); 15,440 (2.07%;

1974-1983); 25,205 (3.95%; 1984-1993); and 10,591 (5.52%; 1994-2002) in North
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America (Gelatt and MacKay, 2004). The number of American Cocker Spaniels
increased steadily (1964-1993) and declined sharply in the last period (10,591; 1994-
2002). However, the prevalence of primary glaucoma in American Cocker Spaniels
increased more in the last period (5.52%; 1994-2002) (Gelatt and MacKay, 2004). In this
study, the number of American Cocker Spaniels steadily decreased over the past decade
(Fig. 1) and is expected to decrease further in the future, similar to that in North America.
The preference for the American Cocker Spaniel breed showed a decreasing trend due to
various diseases, such as external otitis and intervertebral disc disease, as well as ocular
diseases, including cataract and glaucoma in Korea (Sapienza and van der Woerdt, 2005;

Zur et al., 2011; Scott et al., 2013; Kunz et al., 2015).

Primary glaucoma in Shih Tzu is characterized by a closed ICA (Park et al., 2012).
Previous studies reported that secondary glaucoma associated with hyphema, vitreous
degeneration, and retinal detachment were common in Shih Tzus (Kato et al., 2006; Park
et al., 2012). Shih Tzu was the second most common breed with primary glaucoma after
American Cocker Spaniels in Japan and Korea. The age of onset of primary glaucoma in
this breed was 7.0 + 1.4 years (1994-2002) and 8.3 + 2.1 years old in North America and
Japan, respectively, and 8.1 + 2.6 years old in this study. The ratio of females to males in
North America, Japan, and our study was 1.2:1, 1.1:1, and 1.4:1, respectively. Similar to
the American Cocker Spaniel, the popularity of Shih Tzu has also been decreasing, and
its population has steadily decreased over the past 10 years. However, the incidence rate
of primary glaucoma has increased nearly twice as high in this breed compared to the

previous domestic study. Shih Tzu is predisposed to many chronic diseases, such as
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calculus, hyperadrenocorticism, mammary gland tumors, and ocular diseases, including
primary glaucoma and corneal disease. (Houston and Moore, 2009; Kim et al., 2016;

O’Neill et al., 2017; Heo et al., 2018).

The age of onset of primary glaucoma varies by breed and usually occurs in middle-to-
old age. In this study, the mean age of onset of primary glaucoma in canines was 7.8 +
2.3 (mean + SD) years old (Fig. 2). A previous study reported that the mean ages of onset
of canine primary glaucoma in North America, Switzerland, and Japan were 6.39 + 1.30,
7.25 £ 0.70, and 7.54 + 1.54 years old, respectively (Gelatt and MacKay, 2004; Kato et
al., 2006; Strom et al., 2011). It has been reported that the reason for the occurrence of
primary glaucoma in middle age is the position of the lens, which is relatively anterior
near the pupil, and prevents the drainage of aqueous humor and increases the length and

thickness of the lens axis (Kato et al., 2006).

Primary glaucoma occurred at a higher rate in females than in males in several studies,
including English Cocker Spaniel (7.4:1), Welsh Terrier (2.5:1), Newfoundland (2:1),
Vizsla (1.7:1), Basset Hound (1.7:1), and American Cocker Spaniel (1.5:1) (Gelatt and
MacKay, 2004; Strom et al., 2011). In the present and Japanese studies, the ratio of
females to males with primary glaucoma prevalence showed a similar trend, with a mean
of 1.5:1 and 1.3:1, respectively. This tendency is mainly observed in human PACG,
especially in Asian people (Plummer et al., 2021b). A recent study using HRUS and
ultrasound reported a decrease in ICA, small-angle open distances, and angle recess area

in female PACG (Tsai et al., 2012).
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Conclusion

This study confirmed that primary glaucoma was significantly higher in American
Cocker Spaniels (p < 0.002) and higher in Shih Tzus than other breeds in Korea.
American Cocker Spaniels and Shih Tzus had the highest incidence of primary glaucoma
at 7 and 8 years of age, respectively. Therefore, the two breeds should be carefully

monitored for the occurrence of primary glaucoma as they approach 7 years of age.

19



CHAPTER 2

Proteomic analysis of aqueous humor in canine primary angle-

closure glaucoma in American Cocker Spaniel dogs
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ABSTRACT

This study was performed to analyze proteomic profiles of the aqueous humor (AH) of
canines with primary angle-closure glaucoma (PACG) and identify associated protein
alterations. Animals were studied with six American Cocker Spaniels with PACG and six
American Cocker Spaniels without ocular diseases. Aqueous humor samples were
collected from six American Cocker Spaniels with PACG at Seoul National University,
VMTH, and six healthy Cocker Spaniels without ocular disease at Irion Animal Hospital.
For the PACG group, AH samples were obtained by anterior chamber paracentesis prior
to glaucoma treatment. For the AH control group, AH samples were collected from
patients anesthetized for other reasons. Total AH protein concentration was determined
by the bicinchoninic acid (BCA) assay. AH protein samples were quantified by liquid
chromatography-mass spectrometry (LC-MS/MS). Raw MS spectra were processed
using MaxQuant software 30, and the Gene Ontology (GO) enrichment analysis was
performed using ClueGO. The AH protein concentration in the PACG group (mean * SD;
10.49 £ 17.98 ug/ pl) was significantly higher than that of the control group
(0.45+ 0.11 pg/ul) (p <0.05). A total of 758 proteins were identified in the AH. Several
proteins both significantly increased (h = 69) and decreased (n = 252) in the PACG group
compared to those in the control group. GO enrichment analysis showed that the
“response to wounding”, “negative regulation of endopeptidase activity” and “cell
growth” pathways were the most enriched terms in the PACG group compared to the

control group. The top 5 proteins that were significantly increased in the AH of the
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PACG group were secreted phosphoprotein 1 (SPP1), peptidoglycan recognition proteins
2 (PGLYRP2), tyrosine 3-monooxygenase (YWHAE), maltase-glucoamylase (MGAM),

and vimentin (VIM).

Gene Ontology enrichment analysis using the proteomic data showed that proteins and
pathways related to inflammation were significantly upregulated in the various stage of
PACG. Proteomic analysis of the AH from the PACG might provide valuable insights

into PACG pathogenesis.
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INTRODUCTION

Glaucoma is a multifactorial optic neuropathy that causes progressive retinal ganglion
cell damage and loss of the visual field (Plummer et al., 2021b). Glaucoma occurs at
similar rates in humans and dogs, around 1%-2% and 1.8% in humans and dogs,
respectively (Quigley, 1993; Gelatt and MacKay, 2004). Glaucoma is classified as
congenital, primary, or secondary glaucoma according to the etiology of the disease.
There are two types of primary glaucoma: open-angle glaucoma (POAG) and angle-
closure glaucoma (PACG). While POAG most often occurs in humans, PACG
predominantly occurs in dogs. Moreover, canine PACG is more acute and causes
irreversible vision loss faster than it does in humans. Breeds with PACG vary from
country and region (Park et al., 2012). While any dog can experience PACG, the most
common breed worldwide is the American Cocker Spaniel (Gelatt and MacKay, 2004;
Park et al., 2012). In Korea, the breed with the second-highest prevalence of glaucoma
after the American Cocker Spaniel is the Shih Tzu (Park et al., 2012). The mechanism
underlying intraocular pressure (IOP) elevation in human POAG is yet to be elucidated,;
however, the mechanism underlying IOP elevation was identified in Beagle and Basset
Hound by ADAMTS10 and nebulin (NEB), respectively. ADAMTS17 mutation has also
been identified as a causative mutation in POAG in the breeds Shar Pei and Petit Basset
Griffon Vendeen (Joel et al., 2013; Dina et al., 2015; Emily et al., 2019). In humans,
optic neuropathy can develop even with normal 10P, and it has been shown that an

increase in 10OP can further exacerbate glaucoma (Weinreb et al., 2014). While nebulin
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mutations exert a strong effect on the anterior segment, ADAMTS10 mutations affect the
elasticity of the scleral and optic nerve head lamina; therefore, the potential effect of
these mutations on the optic nerve cannot be considered independent of IOP elevation
(Joel et al., 2013). Controlling 10P through medication or surgical methods is known as
the best treatment for glaucoma (Weinreb et al., 2014). Early diagnosis of glaucoma is

important for a better prognosis and appropriate treatment to prevent vision loss.

The optically clear fluid, AH, is crucial as it supplies nutrients to the avascular ocular
structures and removes metabolic waste from these structures (To et al., 2002). The AH
maintains the IOP, has antioxidant properties, and plays an important role in the
immunity of the eye (To et al., 2002; Izzotti et al., 2010). AH is secreted by the ciliary
body epithelium and contains various proteins (To et al., 2002). Depending on ocular
diseases, the AH displays different protein expression patterns (Kaeslin et al., 2016).
Some proteins appear or increase, while some proteins disappear or decrease depending

on the mechanism of various ocular diseases (Kliuchnikova et al., 2016).

Mass spectrometry (MS)-based proteomics is a key technology for large-scale protein
identification and quantification (Aslam et al.,, 2017). Understanding the protein
expression levels will help in the prevention, diagnosis, treatment, and prognosis of
glaucoma (Li et al., 2017). Proteomic analysis has been applied in human ophthalmology

to understand the pathogenesis of glaucoma (Sharma et al., 2018).

Previous studies suggested that some AH proteins could be closely related to the

development of glaucoma (MacKay et al, 2008). In veterinary ophthalmology, while AH
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proteomic studies have not been conducted for canine glaucoma, a proteomic study has
been performed on the tear film in canine glaucoma, and elevated levels of myocilin,
CD44, metalloproteinase 2, endothelin 1, nitric oxide, and nebulin were detected in the
AH of dogs with glaucoma using Coomassie staining, enzyme immunoassay, and
Western blot (Kallberg et al., 2007; Weinstein et al., 2007; MacKay et al., 2008; Dina et
al., 2015; Graham et al., 2021). Peptidoglycan recognition protein 2 (PGLYRP2) plays a
very important role in the innate immune response and has antibacterial activity.
However, its role in canine eye is not well known (Brandley and Schnaar, 1986; Ranjita
et al., 2015). Proteomic analyses of AH have been performed in animals, such as rabbits
and rats, as well as in humans. However, to the best of our knowledge, proteomic
analysis of AH has not been performed in dogs. The purpose of this study was to perform
proteomic analysis of the AH of dogs with PACG and identify associated protein
alterations. Proteomic analysis may provide valuable insight into glaucoma pathogenesis,

thereby identifying proteins that are potential biomarkers for assessing increased risk.
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MEMATERIALS AND METHODS

1. Animal studied and preparation

The experiment complied with the guidelines of the Institutional Animal Care and Use
Committee of Seoul National University (SNU-180625-5). AH samples were collected
during glaucoma treatment at the veterinary medical teaching hospital (VMTH), Seoul
National University (SNU), and Irion Animal Hospital. Consent was obtained from each
patient's owner in normal group. The study period was from December 2016 to February
2019. Aqueous humor samples were obtained from six American Cocker Spaniel dogs
with PACG in SNU and from six healthy American Cocker Spaniels without any ocular
disease (control) in Irion Animal Hospital. The mean duration of glaucoma in the PACG
group was 2.95% 1.04 months (Tablel) per the medical records. Ophthalmic
examinations were performed, including slit-lamp biomicroscopy (Topcon Model SL-
D7°, Topcon Corp.), indirect ophthalmoscopy (Vantage plus®, Keeler Instruments Inc.)
with a 30-diopter indirect lens (Classic BIO lens®, Volk, Volk opti - cal Inc.), and
rebound tonometer (TonoVet®, Icare). The dogs with glaucoma were all diagnosed with
PACG (PACG group). The diagnosis of PACG was based on ultrasound biomicroscopy
(MD-320W; MEDA Co., Ltd) and IOP. Patients with POAG and secondary glaucoma

were excluded from this study. The control group consisted of dogs without clinical signs
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of glaucoma on full ocular examination, including gonioscopy and ultrasound

biomicroscopy.

2. Aqueous humor collection

All AH samples obtained from dogs in the PACG group were collected immediately
before intravitreal cidofovir injection in dogs who no longer responded to glaucoma
medication or at the discretion of the dog owner. Control group samples were collected
from dogs under general anesthesia for unrelated reasons. AH samples were collected
using a 30-gauge hypodermic needle syringe without a plunger through the cornea near
the limbus, and the insert site was blocked with a cellulose swab to prevent leakage after
removing the syringe. In both the PACG and control groups, 200 puL of AH per eye was

collected and immediately stored at —80°C in a deep freezer for further analysis.

3. Total protein quantification

Total AH protein concentration was analyzed by bicinchoninic acid (BCA) assay

(Thermo Fisher) according to the manufacturer's protocol.
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4. Sample preparation and labeling

Proteomic sample preparation was performed as described in a previous study (Ju et al.,
2016). Briefly, AH samples (60 pg of total protein) from dogs in the PACG and the
control groups were subjected to in-solution digestion. Proteins were reduced with
10 mM dithiothreitol (DTT) in 25 mM am - monium bicarbonate and alkylated with
50 mM iodoacet - amide. The DTT was diluted to 1 mM to digest proteins with trypsin
(1:50) at 37°C for 16 h in a thermo-mixer at 600 rpm. The next day, 32% trifluoroacetic
acid was added to the elute to stop the reaction, and a C18 tip column was used to
remove salts. A total of 4 ug/10 uL of the digested peptide were used for liquid

chromatography-mass spec - trometry (LC-MS/MS).

5. Liquid chromatography-mass spectrometry analysis

Liquid chromatography-mass spectrometry analysis was performed as described in a
previous study (Seon et al., 2020). Briefly, raw spectra were acquired on an Orbitrap
Fusion Lumos (Thermo Fisher) with EASY-nLC 1200 (Thermo Fisher). An autosampler
was used to load 10 uL aliquots of the peptide solutions into an EASY column; Acclaim
PepMap™ 100 of i.d. 75 pm, length 2 cm, and particle size of 3 pm (Thermo Fisher).
The trapped peptides were separated on an EASY-Spray Column, C18 analytic-column

(Thermo Scientific i.d. 75 um, length 500 mm, and 2 pm particle size, 100 A). The
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mobile phases were composed of 0.1% formic acid water and acetonitrile. The LC
gradient was initiated with 5% B, increased to 8% B for 1 min, 10% B for 16 min, 40%
B for 79 min, and then maintained at 80% B for 9 min and 2% B for an additional 15 min
at a flow rate of 250 nL/min. During chromatographic separation, Orbitrap Fusion
Lumos was operated in a data-dependent acquisition mode. Full survey scans were
acquired in the mass range of —400— 1600 m/z, maximum injection time of 100 ms,
automatic gain control target 2e5 ions with a resolution of 120 000 and analyzed using
the Orbitrap. MS/MS precursors were selected from top N intense ions for 3 s between
survey scans, which were fragmented by 37.5% higher-energy collisional dissociation.
MS/MS was acquired at a maximum injection time of 54 ms, automatic gain control 5e4
ions with a resolution of 30 000 and analyzed using the Orbitrap software. Previously

fragmented precursors were excluded for 30 s.

6. Protein identification

To examine and visualize the overall expression pattern of proteins from each sample, a
heatmap was generated using the Perseus software. Raw expression data were converted
using the Log?2 scale, further adjusted using z-score, and visualized. Proteins expressed in
the AH were classified appropriately according to the differences in the levels between
the PACG and control groups (Fig. 1). To identify the proteins upregulated in each

sample, a volcano plot was generated (Fig. 2). In the heatmap and volcano plot, red and
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blue indicate proteins with significantly increased and decreased expression in the PACG

group compared to that in the control group, respectively.

7. Data analysis for protein profiling

Raw MS spectra were processed with MaxQuant software (Cox et al., 2009) (version
1.5.8.3) at default settings to identify proteins from >1 unique peptide(s) with a minimum
of seven amino acids. Identified peaks were searched against a database of Canis lupus
familiaris from Uniprot (https:.//www.uniprot.org/). Output files generated from
MaxQuant were subjected to Perseus to perform unsupervised hierarchical clustering.

Bioinformatic analysis was performed using ClueGO tools (Gabriela et al., 2009).

8. Peptidoglycan recognition proteins 2 detection by Western blot

For verification of PGLYRP2 protein in AH of the PACG group, Western blotting was
performed on the PACG and control groups. An equal volume of AH was used for
western analysis. Western blot analysis was performed as described in a previous study
(Dabin et al., 2018). Briefly, samples were transferred to polyvinylidene difluoride
(PVDF) membranes and blocked with 5% skim milk in 0.1% Tween 20 in Tris-buffered

saline (TBST). Membranes were then incubated with a PGLYRP2 antibody (Abcam®)
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overnight at 4°C. The membrane was washed three times with TBST and then incubated
with the horseradish peroxidase conjugated secondary antibodies (1:2000) for 1 h at
room temperature. The blots were developed using ECL Western blotting Substrate

(Thermo Fisher Scientific).

9. Statistical analysis

GraphPad Prism software (version 7.01, GraphPad Software, Inc.) was used for statistical
analyses. Comparisons were performed using Student's t test. p < 0.05 was considered as

statistically significant.
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RESULTS

In this study, a total of 12 canine AH samples were subjected to proteomic analysis with
six samples each from the PACG and control group. The mean ages of the PACG and
control group were 12.66 + 2.07 (mean = SD) years and 13.17 = 1.94 (mean % SD) years,

respectively, and the sex ratios were equal in both groups (Table 2).

1. Ophthalmic examination of primary angle-closure glaucoma group

One canine patient in the PACG group had weak visual ability, as indicated by menace
response and maze test, which disappeared upon re-examination 2 weeks later. The
remaining five patients had no vision at all. PLR and dazzle reflex were absent in the
PACG group. Corneal edema was found in five of six patients. However, their severity
was not sufficient to prevent anterior and posterior segment examinations, and the
edemas were resolved in the following appointments. Two cases of mild flare and a case
of moderate flare were identified in the anterior chamber in subjects from the PACG
group. Retinal vessel attenuation and retinal hyper-reflectivity were observed in three
patients with PACG, and optic nerve cupping was confirmed in two patients. Posterior

synechia of the iris was detected in the right eye in one canine patient in this study.
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Ultrasound biomicroscopy confirmed that the both iridocorneal angle and the ciliary cleft

were closed in all canine patients with PACG.
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Table 1. Ophthalmic examination of PACG group

Retinal vessel

Glaucoma PLR/ Corneal attenuation/ Optic disc Irid I angl d

No duration Vision Dazzle Flare  Synechia . P . nidocornea 'ang.egra ¢
edema Retinal hyper cupping by Ultrasoud biomicroscopy*
(months) reflex L7
reflectivity
1 33 - - + + - + + 1
2 25 - - + - - - - 1
3 4 - - + + - + - 1
4 13 - - + - - - - 1
5 4 - - + + - + + 1
6 26 + - - - + - - 2
Mean+SD  2.95+1.04

*Iridocorneal angle grade; grade 1, closed; grade 2, very narrow; grade 3, medium width; grade 4, open.
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Fig. 1. Heatmap of the primary angle-closure glaucoma (E1-E6) and control (C1-
C6) groups. Red and blue indicate significantly increased and decreased proteins
in the primary angle-closure glaucoma group (PACG) compared to the control
group, respectively. The heatmap value is the z-score normalized after converting

the proteomic intensity of each sample to Log2.
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Fig. 2. Volcano plot of the primary angle-closure glaucoma (PACG) and control
groups. Red and blue indicate significantly upregulated and downregulated
proteins, respectively, in the PACG group compared to the control group. The
horizontal axis indicates the difference between the two groups, and the vertical

axis indicates the p-value.
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Table 2. Clinical information of PACG dogs and control group

Group No Age Sex IOP(mmHQ)
Patient 1 10 F 49
2 15 MC 61
3 15 MC 57
4 11 MC 59
5 13 FS 63
6 12 FS 57
Mean+SD 12.6+2.0 M:F=3:3 57.6+4.8
Control 1 13 MC 12
2 13 MC 13
3 14 FS 11
4 13 FS 16
5 16 MC 12
6 10 F 13
Mean+SD 13.2+1.9 M:F=3:3 12.8+1.7
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2. Aqueous humor protein concentrations in the PACG and control groups

The mean total protein concentrations of the AH from the PACG group and control
group were 10.49 + 17.98 (mean + SD) pg/ pL and 0.45+ 0.11 (mean = SD) pg/uL,
respectively. The PACG group showed significantly higher total protein concentration in

the AH than that of the control group (p < 0.05; Fig. 3).
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Fig. 3. Bar graph showing the total protein concentration of the aqueous humor
of the primary angle-closure glaucoma (PACG) and control groups. The mean
protein  concentrations of the PACG and control groups were

10.49 + 17.98 pg/uL and 0.45 £ 0.11 pg/uL, respectively.
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3. Protein identification

A total of 758 proteins were identified in both groups. Sixty-nine proteins were at
significantly upregulated (Table 3), and 252 proteins were at significantly downregulated
in the PACG group than those in the control group. Proteins in the PACG group were
ranked by their relative expression level compared to that of the control group. The top
14 proteins were seven times higher than those in the control group (Table 3). In
particular, SPP1 (osteopontin) was noticeably higher (81-fold) in the PACG group than
in the control group. The following top 13 proteins were peptidoglycan recognition
protein 2 (PGLYRP2), angiotensin | precursor (Q7M301), tyrosine 3-monooxygenase
(YWHAE), carboxypeptidase N subunit 1 (CPN1), maltase-glucoamylase (MGAM),
apolipoprotein C2 (APOC2), J9P7N3, Vimentin (VIM), LOC476104, paraoxonase 1
(PON1), Chemokine ligand 23 (CCL23), Crystallin beta A3 (CrybA3), and

carboxypeptidase N subunit 2 (CPN2).

Among the 252 proteins that were significantly lower in PACG group, the lowest ten
proteins in the AH were aldehyde dehydrogenase 3 family, member Al (ALDH3AL),
integral membrane protein 2B (ITM2B), tumorigenicity 1 (NBL1), prostaglandin
D2 synthase (PTGDS), VIT, L7NOES5, Secretogranin V (SCG5), C5NM83, desmocollin
2 (DSC2), and serine proteases 35 (PRSS35). The lowest ten proteins were present at

levels 50 times less than the control group.
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Gene ontology (GO) enrichment analysis using ClueGO revealed that the regulation of
response to wounding/response to wounding followed by negative regulation of
endopeptidase activity and cell growth pathways were the most enriched terms in PACG
group (Figure 4). PGLYRP2, chemokine C-C motif ligand 14 (CCL14), CCL23, beta
cytoplasmic actin (ACTB), angiotensin (AGT), alpha-2- heremans-schmid glycoprotein
(AHSG), apoprotein E (APOE), complement component 3 (C3), c4b-binding protein a-
chain (C4BPA), F10, fibronectin (FN1), Kkallikrein (KLKB1), LOC476104,
neurofilament light polypeptide (NEFL), and serpin family C1 (SERPINC1) were
significantly upregulated proteins in the regulation of response to wounding/response to
wounding pathway in PACG group. The negative regulation of endopeptidase activity
pathway includes significantly upregulated proteins such as fetuin-B (FETUB), inter-
alpha-trypsin inhibitor heavy chain 1 (ITIH1), ITIH2, SERPINC1, SERPINF2, tissue
inhibitors of metalloproteinase 1 (TIMP1), and vitronectin (VTN). Upregulated proteins
included in the cell growth pathway in PACG group were APOE, F2, and fibronectin
(FN1). In the cell growth pathway, significantly downregulated proteins were also
identified in PACG. These proteins included acute-phase protein (APP), core architecture
data model 1 (CADML), calsyntenin-1 (CLSTN1), CLSTN3, connective tissue growth
factor (CTGF), insulin-like growth factor-binding protein 2 (IGFBP2), IGFBP5, IGFBP7,
laminin subunit beta-2 (LAMB2), semaphorin-3F (SEMA3F), SEMATA, stratifin (SFN),
secreted frizzledrelated protein 1(SFRP1), transforming growth factor-beta 2 (TGFB2),
tumor necrosis factor receptor superfamily member 12A (TNFRSF12A), tenascin R

(TNR), vinculin (VCL), and palmitoyl-protein thioesterase 1(PPT1).
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Table 3. Significantly elevated proteins of AH in Cocker Spaniels with PACG

Protein Protein IDs Gene name Fold Change pValue
number (Patient/Normal)
1 E2R161 SPP1 81.18 0.00001277
2 F6XZU1 PGLYRP2 21.17 0.000553764
3 Q7M310 15.11 0.01919827
4 JI9POVO YWHAE 14.49 0.002888052
5 E2RNG3 CPN1 13.61 0.002352396
6 E2RT38 MGAM 11.72 0.001605929
7 JOINWJ6 APOC2 9.66 0.004223022
8 JOP7N3 9.64 0.013005166
9 F1PLS4 VIM 8.89 0.025812005
10 JOINVKO LOC476104 8.41 0.00000233
11 E2RPW3 PON1 8.17 0.002369716
12 JOPBF2 CCL23 8.16 0.027649322
13 A2IBY9 CrybA3 7.59 0.045786651
14 JIPAA4 CPN2 7.50 0.008953231
15 D3YJ60 CHI3L1 6.66 0.000616829
16 E2Q298 ANGPTL3 6.63 0.008181336
17 E2QW82 MMP19 6.43 0.034055526
18 F1PJ74 APOE 6.32 0.000278832
19 AOAQD96P6K5  LOC100684663 5.96 0.018515115
20 FEY6TS8 PIGR 5.89 0.035543952
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JONYCO
J9P9J6
E2QUV3
J9P430
F1PDJ5
E2RA67
E2RK02
E2RFV9
E2RES?2
F1PG39
JONXE2
E2R9D2
AOA1S7J0A8
JINYQ3
F1PAL5
F1PIX8
FIPGM9
Q7M321
E2QYU2
FIPYM4
E2QZ19

F1P7J4

MFAP4

AHSG

TF

APOA1

CCL14

GPLD1

C9

SERPINC1

ITIH2

ACTB

F12

CD14

SMPDL3A

AGT

C3

C4BPA

CLU

IGFALS

AFM
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5.07

4.97

4.45

4.28

4.27

3.96

3.82

3.67

3.54

3.52

3.50

3.45

3.45

341

341

3.40

3.32

3.27

3.25

3.12

3.12

3.11

0.002519961

0.040686742

0.000473655

0.000104407

0.001882584

0.040907066

0.006353949

0.002791043

0.00006302

0.004079669

0.003775388

0.003310878

0.007151641

0.021875522

0.007407498

0.000889004

0.025275259

0.00565653

0.0000037

0.014169039

0.001864203

0.009594636
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E2RIC2
F1P685
E2RS79
F1PQS2
F1Q1K9
JONSF9
E2RS80
E2R9B6
G1K2D7
F1Q4A3
F1IPNS6
E2R4V3
FIPZR4
E2R5W6
FIPUM6
E2RGO1
E2R2F7
E2RNLS
F1Q418
FIPNV5
F1PAF3

E2R7A3

C1QC

ACTR3B;ACTR3C

C2

TIMP1

HABP2

F2

C2

FETUB

F9

F10

PEPD

SERPINF2

HPX

GC

VTN

Cc7

SHBG

APOD

ITIH1

KLKB1

HGFAC

CFlI

44

297

2.85

2.77

2.74

2.73

2.65

2.65

2.64

2.62

2.60

2.56

247

2.37

2.37

2.37

2.28

2.18

2.16

2.16

2.14

2.10

2.10

0.03416136

0.040094882

0.005033005

0.021419809

0.005990785

0.000501828

0.009881472

0.003223688

0.000058896

0.046973766

0.000013824
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regulation of response to wounding 7.93% **

— gliogenesis 1.84% **
cell growth 6.8% **

negative regulation of multicellular organismal process 581% **
. protein activation cascade 0.71% **
~\Mibril organization 0.57% **

“ organic hydroxy compound metabolic process 2.41% ™
response to wounding 7 93% ** ——

_'peptide metabolic process 1.42% **
“ homophilic cell adhesion via plasma membrane adhesion molecules 2.27% **
\,'aminoglycan metabolic process 1.56%
\,‘endodermal cell differentiation 0.99% **
chemotaxis 3.26% **
2 exiracellular matrix organization 4 67% **
protein processing 2.12% **
-~ collagen metabolic process 1.27% **
~ intermediate filament cytoskeleton organization 0.85% **
inflammatory response 3 54% **
cell-substrate adhesion 3.26% **
—collagen fibril organization 3.12% **
retina homeostasis 2.55% **
ossification 5.38% **
neuron projection regeneration 4.25% **

negative regulation of endopeptidase activity 13.17% =

blood vessel development 6 94% ** —

skeletal system development 5 38% **

% genes for the PACG group compared to the control group

Fig. 4. Gene ontology (GO) enrichment analysis using ClueGO (http://apps.cytoscape.org/). Pie chart showed that regulation

of response to wounding /response to wounding, negative regulation of endopeptidase activity, blood vessel development, and
cell growth pathways were the most enriched terms in PACG group compared to the control group.
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4. Western blot analysis of peptidoglycan recognition proteins 2

Peptidoglycan recognition proteins 2 (PGLYRP2) was absent in all samples of the
control group. However, PGLYRP2 was detected by Western blot in four of the six

samples in the PACG group (Fig. 5).

Control group PACG group

PGLYRP2 (72kDa) —>

Fig. 5. Western blotting analysis of PGLYRP2 in the AH (n = 4). It was not confirmed
in the left control samples but confirmed in four samples in the right PACG group.
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DISCUSSION

The purpose of this study was to analyze the AH of canines with PACG. Several proteins,
including myocilin, CD44, metalloproteinase 2, endothelin 1, nitric oxide, and nebulin,
have been identified in a previous study of canine AH and ocular tissues using
Coomassie staining, ELISA, and Western blot methods (Kallberg et al., 2007; Weinstein
et al., 2007; MacKay et al., 2008; Dina et al., 2015). The present study used LC-MS/MS
to comprehensively analyze canine AH. Label-free quantitative proteomic analysis
identified 758 proteins in AH samples of the PACG group. Among the 758 proteins, 321
were differentially expressed, compared with the control group. Among these 321
proteins, 69 proteins were significantly higher, and 252 proteins were significantly lower
in the PACG group than those in the control group. Of the 69 proteins that were
significantly elevated, 42 were already studied in human glaucoma (Can et al., 2015;
Kaeslin et al., 2016), whereas the remaining 27 proteins were novel proteins that were

not found in human glaucoma patients yet.

According to this study, SPP1 was the most significantly increased protein in the
PACG group and was 81 times higher than that of the control group. SPP1 is expressed
by different types of immune cells, such as neutrophils, macrophages, T, and B cells
(Wang et al., 2008). SPP1 has been identified as a biomarker for inflammatory diseases
and many types of tumors (Rangaswami et al., 2006; Ramaiah and Rittling, 2008). It was
also found to be increased in retinal ganglion cells (RGC) of rats with ischemic injury,

and which might be related to the pathophysiology of glaucoma (Chidlow et al., 2008).
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Recently, SPP1 was reported as a new marker of trabecular meshwork (TM)
differentiation as it was highly expressed in TM tissues (Sathiyanathan et al., 2017). In
this study, SPP1 was elevated in the AH of canine PACG patients. Inflammation in the
TM increases the production of inflammatory markers in glaucoma (Li et al., 2010),
which also occurs in raised IOP. Therefore, this study suggests that SPP1 might be one of

the inflammatory mediator of the TM in canine PACG.

Vimentin (8.90 fold change) was also markedly upregulated protein which was already
been reported in human glaucoma study (Beutgen et al., 2019). VIM is a type I
intermediate filament protein found in mesenchymal cells. It has been used as a marker
of various cancers, such as sarcoma tumors and colon cancer (Sho et al., 2011). The
importance of VIM expression is especially noted after an injury and is relevant to
wound repair (Eckes et al., 2000). VIM have reported that causes damage to the retinal
nerve fiber layer in Mdiller cells and astrocytes in an experimental glaucoma model
(Carter-Dawson et al., 1998). A large amount of VIM have also found in Tenon's capsule

of the glaucoma surgical model (Paola et al., 2013).

Secreted phosphoprotein 1 and VIM have been extensively studied in human
glaucoma (Ramaiah et al., 2008; Beutgen et al., 2019). This study suggests that SPP1
and VIM play a role as glaucoma-related proteins in PACG dogs as well as human
glaucoma. In this study, PGLYRP2, YWHAE, and MGAM were detected in the AH of
PACG dogs but not in the AH of human glaucoma patients. This was the first study to
detect PGLYRP2, YWHAE, and MGAM in the AH of canine PACG. Proteins that are

ten times higher than that of the control group may suggest a relation to the pathological

49



progression of canine PACG. If the elevated 69 proteins were found in AH, this dog

might be considered as having a risk for PACG.

Biomarkers for ocular diseases are known to exhibit low reproducibility and
repeatability (Hubens et al., 2020). However, typical biomarkers for glaucoma, cataracts,
and uveitis are myocilin, crystallin, and human leukocyte antigen (HLA)-B27,
respectively (MacKay et al., 2008; Keke et al., 2018; Rosenbaum and Asquith, 2018).
SPP1, PGLYRP2, YWHAE, MGAM, and VIM are proteins that are frequently expressed
during inflammation. If glaucoma is diagnosed, lowering IOP is important, but treating

the inflammation should proceed more intensively.

Gene Ontology enrichment analysis showed a high proportion of terms related to
regulation of response to wounding, response to wounding, negative regulation of
endopeptidase activity, and cell growth in the PACG group, when compared to the
control group. In case of regulation of response to wounding/response to wounding
pathway, upregulated proteins were PGLYRP2, CCL14, CCL23, ACTB, AGT, AHSG,
APOE, C3, C4BPA, F10, FN1, KLKB1, LOC476104, NEFL, and SERPINC1. These
proteins are known to be involved in inflammation and immunity, and they also serve as

tumor markers.

Peptidoglycan recognition proteins 2 (21-fold change) was the second most
upregulated protein in this study, and this gene has not yet been identified in the AH of
canines and humans with PACG. PGLYRP2 is involved in the innate immunity and

recognizes peptidoglycan, which is a component of the bacterial cell wall (Brandley and
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Schnaar, 1986). PGLYRP2 has been reported to reduce inflammation and promote
antibacterial activity in bacterial keratitis (Ranjita et al., 2015). To verify the
reproducibility of the proteomic analysis, Western blotting was performed for PGLYRP2
in the PACG and control groups. Four of six samples in the PACG group were
reconfirmed. C3 is a protein involved in the immune system and inflammatory response
(Hanhan et al., 2020). Since increased C3 expression in the AH and serum is reportedly
correlated with more aggressive progression of retina/optic nerve damage and increasing
visual field deficit in human patients with primary glaucoma and in experimental models
of glaucoma (Alejandra et al., 2018; Hubens et al., 2021), C3 is one of the potential
therapeutic target molecules. Since this study was an analysis of the AH in severe
glaucoma patients, it was presumed that these proteins might appear as a result of severe
inflammation, or an alteration of the AH in response to reduced glaucoma-related

inflammation.

The negative regulation of endopeptidase activity pathway was also upregulated in the
PACG group. Endopeptidase is a protein that cleaves the peptide bond between amino
acids in the target protein. Proteins in the pathway that negatively regulates
endopeptidase activity include FETUB, ITIHL, ITIH2, SERPINC1, SERPINF2, TIMP1,
and VTN. FETUB belongs to the cystatin superfamily and functions as a cysteine
protease inhibitor. FETUB was reported previously in the AH proteomics of POAG
(Sharma et al., 2018). The ITIH family contributes to extracellular matrix stability and
plays an important role in carcinogenesis and inflammation (Alexander et al., 2008).

Bioinformatic analysis of proteomic alterations of AH in patients with POAG shows that
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SERPINF2, FETUB, and ITIH4 negatively regulate the endopeptidase activity pathway
(Sharma et al., 2018). These results were consistent with the results of a previous

proteomic study of human glaucoma.

Proteins involved in the cell growth pathway, including APOE, F2, and FN1, were
upregulated in PACG in this study. In the cell growth pathway, 17 proteins were
significantly downregulated in PACG. These included APP, CADM1, and CLSTNL.
Interestingly, compared to the response to wounding pathway, there were many more
proteins that were significantly downregulated in the cell growth pathway. Since these
alterations in AH result from progressive glaucoma status, it was assumed that

developing cell activity had decreased in the cell growth pathway.

In the absence of ocular diseases, there are small alterations in the protein components
of the AH, even in older dogs. However, in many ocular diseases such as glaucoma,
cataracts, and uveitis, the protein content of the AH would be markedly changed. The
converted protein components might be very closely related to the pathology of the
disease (Duan et al., 2010). Thus, the upregulation of proteins is very important. In this
study, compared to the control group, ten proteins were markedly decreased in the AH of

PACG dogs.

In human glaucoma patients, proteins such as prostaglandin D2 synthase (PTGDS),
secretogranin 2 (SCG2) and putative serine protease 56 (PRSS56) have been reported to
be downregulated (Yuk et al., 2003; Bouhenni et al., 2011; Cassandre et al., 2020).

PTGDS affects the IOP through a mechanism involving uveoscleral outflow, in which a
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reduction in PTGDS in the AH affects small nonsubstrate lipophilic molecules, such as
retinoic acid, thereby affecting the iridocorneal angle, which consequently promotes the
uveoscleral outflow (Bouhenni et al., 2011). SCG2 is a neuroendocrine marker expressed
in the ciliary body. SCG2 upregulation in TM increases the IOP by promoting cellular
infiltration and vascular permeability. SCG2 reduction in response to dexamethasone
suppression in TM reportedly alleviates inflammatory symptoms (Yuk et al., 2003). The
absence of PRSS56 also reduces the ocular axial length, which is also an anatomical
feature observed in patients with PACG and is responsible for IOP elevation (Cassandre
et al., 2020). In this study, PTGDS, SCG2, and PRSS56 were found to be significantly
downregulated. Further investigation is needed to determine whether the expression of
PTGDS, SCG2, and PRSS56 decreases in the AH of patients with PACG via the same

mechanism reported in humans or via other mechanisms.

The general requirement for LS-MS/MS studies of the AH glaucoma proteome is
their reproducibility and repeatability. However, almost identically designed studies
would still produce a low level of similarities as they were affected by technical
variability, including the number of samples, medications, and type of glaucoma surgery.
Thus, proteomic studies must be conducted in dozens of samples in order to draw any
meaningful conclusions (Hubens et al., 2020). Another limitation of this study is the lack
of adequate comparison groups. Since changes are of inflammatory nature, the adequate
comparison groups should ideally include dogs with uveitis and dogs undergoing cataract
surgery, which are positive for glaucoma genetic mutations/or dogs with closed angles

while they are still normotensive. In this manner, one would be able to elucidate changes
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that were the result of the inflammation and changes that were the result of the actual
glaucoma status. A major limitation of this study is the use of samples derived from
canines with primary glaucoma at almost all of them were in the end stage, which may
not be representative of the early stage of ocular diseases in terms of proteomic changes.
That said, the data from this study could provide foundational information in the future
studies on glaucoma biomarkers. Another important limitation is that histopathology was
not done to verify the presumed primary glaucoma observed in all PACG globes, since

not all owners pursued enucleation.

The collection of AH is invasive. To prevent damage to the intraocular tissue, the
syringe plunger was removed and the flowing AH was collected without aspiration. The
amount of AH in dogs differs between breeds, but the usual amount of AH was
approximately 1.6-times more than that in human studies (Murthy et al., 2015). In
addition, other body fluids such as serum and tear protein could be obtained relatively

more easily than obtaining AH protein for further study.

If proteomics is applied in veterinary ophthalmology, it will help future studies for
diagnose of ocular diseases such as glaucoma, cataracts, and uveitis. No biomarkers for
glaucoma have been commercialized for testing in veterinary ophthalmology. A
biomarker for glaucoma in veterinary medicine would be developed based on the
proteins found in this study. Further studies involving proteomic analysis of the AH of a
large number of dogs with PACG and other ocular diseases, such as cataracts and uveitis,

would be beneficial.
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CONCLUSION

The current proteomic analysis identifying the AH proteins in normal and PACG
American Cocker Spaniels showed that the composition of the AH in the PACG group
was significantly different from that in the control group. There were significantly
upregulated proteins in response to the wounding pathway related to inflammation.
However, cell growth pathway proteins related to cell development were significantly
downregulated. These results suggest that various proteins are associated with the
development of canine PACG, and these proteins may provide insights on PACG
biomarkers that may be identified in the future. In addition, the study of proteomics of
AH in the canine PACG was thought to be helpful in elucidating the molecular

mechanisms underlying the pathogenesis of PACG.
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GENERAL CONCLUSIONS

Primary glaucoma was significantly higher in American Cocker Spaniels and higher in
Shih Tzus than other breeds in Korea; they had the highest incidence of primary
glaucoma at 7 and 8 years of age, respectively. Therefore, the two breeds should be
carefully monitored for the occurrence of primary glaucoma when they approach 7 years

of age.

The current proteomic analysis identifying the AH proteins in normal and PACG
American Cocker Spaniels were showed that the composition of the AH in the PACG
group was significantly different from that in the control group. There were significantly
upregulated proteins in response to the wounding pathway related to inflammation.
However, cell growth pathway proteins related to cell development were significantly
downregulated. These results suggested that various proteins were associated with the
development of canine PACG, and these proteins might provide insights on PACG
biomarkers. In addition, the study of proteomics of AH in the canine PACG was thought
to be helpful in elucidating the molecular mechanisms underlying the pathogenesis of

PACG.

56



REFERENCES

Ahonen SJ, Kaukonen M, Nussdorfer FD, et al. A novel missense mutation in
ADAMTSI10 in Norwegian Elkhound primary glaucoma. PLoS One 2014; 9:
e111941.

Ahram DF, Grozdanic SD, Kecova H, et al. Variants in Nebulin (NEB) are linked to the
development of familial primary angle closure glaucoma in basset hounds. PL0oS
One 2015; 10: e0126660.

Aslam B, Basit M, Nisar MA, et al. Proteomics: technologies and their applications. J
Chromatogr Sci 2017;55: 182-196.

Bargagna-Mohan P, Deokule SP, Thompson K, et al. Withaferin A effectively targets
soluble vimentin in the glaucoma filtration surgical model of fibrosis. PLoS One
2013; 8: e63881.

Bedford PG. Open-angle glaucoma in the Petit Basset Griffon Vendeen. Vet Ophthalmol
2017, 20: 98-102.

Beutgen VM, Perumal N, Pfeiffer N, et al. Primary open angle glaucoma using
serological proteome analysis (SERPA). Front Immunol 2019; 10: 381.

Bindea G, Mlecnik B, Hackl H, et al. ClueGO: a Cytoscape plug-in to decipher
functionally grouped gene ontology and pathway annotation networks.

Bioinformatics 2009; 25: 1091-1093.

57



Bjerkas E, Ekesten B, Farstad W. Pectinate ligament dysplasia and narrowing of the
iridocorneal angle associated with glaucoma in the English Springer Spaniel. Vet
Ophthalmol 2002; 5: 49-54.

Bosco A, Anderson SR, Breen KT, et al. Complement C3- targeted gene therapy restricts
onset and progression of neurodegeneration in chronic mouse glaucoma. Mol
Ther 2018; 26: 2379-2396.

Bouhenni RA, Shahwan S, Morales J, et al. Identification of differentially expressed
proteins in the aqueous humor of primary congenital glaucoma. Exp Eye Res
2011, 92: 67-75.

Brandley BK, Schnaar RL. Cell-surface carbohydrates in cell recognition and response. J
Leukoc Biol 1986; 40: 97-111.

Can N, Catak O, Turgut B, et al. Neuroprotective and antioxidant effects of ghrelin in an
experimental glaucoma model. Drug Des Devel Ther 2015; 9: 2819-2829.
Carter-Dawson L, Shen F, Harwerth RS, et al. Glutamine immunoreactivity in Muller
cells of monkey eyes with experimental glaucoma. Exp Eye Res 1998; 66: 537-

545,

Chidlow G, Wood JP, Manavis J, et al. Expression of osteopontin in the rat retina: effects
of excitotoxic and ischemic injuries. Invest Ophthalmol Vis Sci 2008; 49: 762-
771.

Cox J, Matic I, Hilger M, et al. A practical guide to the MaxQuant computational

platform for SILAC-based quantitative proteomics. Nat Protoc 2009; 4: 698-705.

58



Dees DD, Fritz KJ, Maclaren NE, et al. Efficacy of prophylactic antiglaucoma and anti-
inflammatory medications in canine primary angle-closure glaucoma: a
multicenter retrospective study (2004-2012). Vet Ophthalmol 2014; 17: 195-200.

Duan X, Xue P, Wang N, et al. Proteomic analysis of aqueous humor from patients with
primary open angle glaucoma. Mol Vis 2010; 16: 2839-2846.

Dubey S, Jain K, Mukherjee S, et al. Current profile of secondary glaucoma in a
Northern India tertiary eye care hospital. Ophthalmic Epidemiol 2019; 26: 200-
207.

Eckes B, Colucci-Guyon E, Babinet C, et al. Impaired wound healing in embryonic and
adult mice lacking vimentin. J Cell Sci 2000; 113: 2455-2462.

Ekesten B, Torrang I. Heritability of the depth of the opening of the ciliary cleft in
Samoyeds. Am J Vet Res 1995; 56: 1138-1143.

Gelatt KN, MacKay EO. Prevalence of the breed-related glaucomas in pure-bred dogs in
North America. Vet Ophthalmol 2004; 7: 97-111.

Gowda RN, Redfern R, Frikeche J, et al. Functions of peptidoglycan recognition proteins
(Pglyrps) at the ocular surface: bacterial keratitis in gene-targeted mice deficient
in pglyrp-2,-3 and -4. PLoS One 2015; 10: e0137129.

Graham KL, Diefenbach E, McCowan CI, et al. A technique for shotgun proteomic
analysis of the precorneal tear film in dogs with naturally occurring primary

glaucoma. Vet Ophthalmol 2021; 24; 131-145.

59



Hamm A, Veeck J, Bektas N, et al. Frequent expression loss of Inter-alpha-trypsin
inhibitor heavy chain (ITIH) genes in multiple human solid tumors: a systematic
expression analysis. BMC Cancer 2008; 28: 25.

Heo S, Hwang T, Lee HC, et al. Ultrasonographic evaluation of skin thickness in small
breed dogs with hyperadrenocorticism. J Vet Sci 2018; 19: 840-845.

Houston DM, Moore AE. Canine and feline urolithiasis: examination of over 50 000
urolith submissions to the Canadian veterinary urolith centre from 1998 to 2008.
Can Vet J 2009; 50: 1263-1268.

Hubens WHG, Beckers HIM, Gorgels TGMF, et al. Increased ratios of complement
factors C3a to C3 in agueous humor and serum mark glaucoma progression. Exp
Eye Res 2021; 204: 108460.

Hubens WHG, Mohren RJ, Liesenborghs I, et al. The aqueous humor proteome of
primary open angle glaucoma: an extensive review. Exp Eye Res 2020; 197:
108077.

Izzotti A, Longobardi M, Cartiglia C, et al. Proteome alterations in primary open angle
glaucoma agueous humor. J Proteome Res 2010; 9: 4831-4838.

Jeanes EC, Oliver JAC, Ricketts SL, et al. Glaucoma-causing ADAMTS17 mutations are
also reproducibly associated with height in two domestic dog breeds: selection
for short stature may have contributed to increased prevalence of glaucoma.
Canine Genet Epidemiol 2019; 17: 5.

Jeon SA, Kim DW, Lee DB, et al. NEDD4 plays roles in the maintenance of breast

cancer stem cell characteristics. Front Oncol 2020; 2: 1680.

60



Kaeslin MA, Killer HE, Fuhrer CA, et al. Changes to the aqueous humor proteome
during glaucoma. PLoS One 2016; 11: e0165314.

Kallberg ME, Brooks DE, Gelatt KN, et al. Endothelin-1, nitric oxide, and glutamate in
the normal and glaucomatous dog eye. Vet Ophthalmol 2007; 10: 46-52.

Kato K, Sasaki N, Matsunaga S, et al. Incidence of canine glaucoma with goniodysplasia
in Japan: a retrospective study. J Vet Med Sci 2006; 68: 853-858.

Kim HW, Lim HY, Shin JI, et al. Breed- and age-related differences in canine mammary
tumors. Can J Vet Res 2016; 80: 146-155.

Kliuchnikova AA, Samokhina NI, llina 1Y, et al. Human aqueous humor proteome in
cataract, glaucoma, and pseudoexfoliation syndrome. Proteomics 2016; 16:
1938-1946.

Koméaromy AM, Bras D, Esson DW, et al. The future of canine glaucoma therapy. Vet
Ophthalmol 2019; 22: 726-740.

Kuchtey J, Kunkel J, Plummer CE, et al. Screening ADAMTS10 in dog populations
supports Gly661Arg as the glaucoma-causing variant in beagles. Invest
Ophthalmol Vis Sci 2013; 54: 1881-1886.

Kunz RE, Rohrbach H, Gorgas D, et al. Assessment of intrathecal pressure in
chondrodystrophic dogs with acute thoracolumbar disk disease. Vet Surg 2015;
44: 687- 693.

Labelle-Dumais C, Pyatla G, Paylakhi S, et al. Loss of PRSS56 function leads to ocular
angle defects and increased susceptibility to high intraocular pressure. Dis Model

Mech 2020; 13: dmm042853.

61



Lee DB, Shin KJ, Kim DW, et al. CCL4 enhances preosteoclast migration and its
receptor CCR5 downregulation by RANKL promotes osteoclastogenesis. Cell
Death Dis 2018; 9: 495.

Lee JY, Lee HK, Park GW, et al. Characterization of site-specific N-glycopeptide
isoforms of a-l-acid glycoprotein from an interlaboratory study using LC-
MS/MS. J Proteome Res 2016; 15: 4146-4164.

Leung YF, Tam PO, Lee WS, et al. The dual role of dexamethasone on anti-
inflammation and outflow resistance demonstrated in cultured human trabecular
meshwork cells. Mol Vis 2003; 9: 425-439.

Li G, Luna C, Qiu J, et al. Modulation of inflammatory markers by miR-146a during
replicative senescence in trabecular meshwork cells. Invest Ophthalmol Vis Sci
2010; 51: 2976-2985.

Liu H, Anders F, Funke S, et al. Proteome alterations in aqueous humour of primary
open angle glaucoma patients. Int J Ophthalmol 2020; 13: 176-179.

Li X, Wang W, Chen J. Recent progress in mass spectrometry proteomics for biomedical
research. Sci China Life Sci 2017; 60: 1093-1113.

MacKay EO, Kallberg ME, Barrie KP, et al. Myocilin protein levels in the aqueous
humor of the glaucomas in selected canine breeds. Vet Ophthalmol 2008; 11:
234-241.

Medeiros FA, Gracitelli CP, Boer ER, et al. Longitudinal changes in quality of life and
rates of progressive visual field loss in glaucoma patients. Ophthalmology 2015;

122: 293-301.

62



Miller PE. The glaucomas, 2018. In: Maggs DJ, Miller PE, Ofri R, ed. Slatter’s
fundamentals of veterinary ophthalmology. 6th ed. St. Louis, MO: Elsevier Inc,
279-305.

Murthy KR, Rajagopalan P, Pinto SM, et al. Proteomics of human aqueous humor.
OMICS 2015; 19: 283-293.

O’Neill DG, Lee MM, Brodbelt DC, et al. Corneal ulcerative disease in dogs under
primary veterinary care in England: epidemiology and clinical management.
Canine Genet Epidemiol 2017; 4: 5.

Otsuki S, Inokuchi M, Enjoji M, et al. Vimentin expression is associated with decreased
survival in gastric cancer. Oncol Rep 2011; 25; 1235-1242.

Palko JR, Iwabe S, Pan X, et al. Biomechanical properties and correlation with collagen
solubility profile in the posterior sclera of canine eyes with an ADAMTS10
mutation. Invest Ophthalmol Vis Sci 2013; 54: 2685-2695.

Park SA, Sledge D, Monahan C, et al. Primary angle-closure glaucoma with
goniodysgenesis in a Beagle dog. BMC Vet Res 2019; 15: 75.

Park YW, Jung MB, Seo KM, et al. A retrospective study of glaucoma in dogs: 43 cases
(2006-2009). J Vet Clin 2012; 29: 38-42.

Pearl R, Gould D, Spiess B. Progression of pectinate ligament dysplasia over time in two
populations of Flat-Coated Retrievers. Vet Ophthalmol 2015; 18: 6-12.

Plummer CE, Bras D, Grozdanic S, et al. Prophylactic anti-glaucoma therapy in dogs
with primary glaucoma: a practitioner survey of current medical protocols. Vet

Ophthalmol 20214a; 24: 96-108.

63



Plummer CE, Koméromy AM, Gelatt KN. The canine glaucomas, 2021b. In: Gelatt KN,
Ben-Shlomo G, Gilger BC, Hendrix DVH, Kern TJ, Plummer CE, ed. Veterinary
ophthalmology. 6th ed. Ames, 1A: Wiley-Blackwell, 1173-1255.

Quigley HA. Open-angle glaucoma. N Engl J Med 1993; 328(15): 1097-1106.

Ramaiah SK, Rittling S. Pathophysiological role of osteopontin in hepatic inflammation,
toxicity, and cancer. Toxicol Sci 2008; 103: 4-13.

Rangaswami H, Bulbule A, Kundu GC. Osteopontin: role in cell signaling and cancer
progression. Trends Cell Biol 2006; 16: 79-87.

Rosenbaum JT, Asquith M. The microbiome and HLAB27-associated acute anterior
uveitis. Nat Rev Rheumatol 2018; 14: 704-713.

Sapienza JS, van der Woerdt A. Combined transscleral diode laser
cyclophotocoagulation and Ahmed gonioimplantation in dogs with primary
glaucoma: 51 cases (1996-2004). Vet Ophthalmol 2005; 8: 121-127.

Sathiyanathan P, Tay CY, Stanton LW. Transcriptome analysis for the identification of
cellular markers related to trabecular meshwork differentiation. BMC Genom
2017; 18: 383.

Scott EM, Esson DW, Dubielzig RR, et al. Major breed distribution of canine patients
enucleated or eviscerated due to glaucoma following routine cataract surgery as
well as common histopathologic findings within enucleated globes. Vet

Ophthalmol 2013; 16: 64-72.

64



Sharma S, Bollinger KE, Kodeboyina SK, et al. Proteomic alterations in aqueous humor
from patients with primary open angle glaucoma. Invest Ophthalmol Vis Sci
2018; 59: 2635-2643.

Strom AR, Hassig M, Iburg TM, et al. Epidemiology of canine glaucoma presented to
University of Zurich from 1995 to 2009. Part 1: congenital and primary
glaucoma (4 and 123 cases). Vet Ophthalmol 2011; 14: 121-126.

To CH, Kong CW, Chan CY, et al. The mechanism of aqueous humor formation. Clin
Exp Optom 2002; 85: 335-349.

Tsai S, Bentley E, Miller PE, et al. Gender differences in iridocorneal angle morphology:
a potential explanation for the female predisposition to primary angle closure
glaucoma in dogs. Vet Ophthalmol 2012; 15: 60-63.

Wang KX, Denhardt DT, Osteopontin DDT. Osteopontin: role in immune regulation and
stress responses. Cytokine Growth Factor Rev 2008; 19: 333-345.

Weinreb RN, Aung T, Medeiros FA. The pathophysiology and treatment of glaucoma: a
review. JAMA 2014; 311: 1901-1911.

Weinstein WL, Dietrich UM, Sapienza JS, et al. Identification of ocular matrix
metalloproteinases present within the aqueous humor and iridocorneal drainage
angle tissue of normal and glaucomatous canine eyes. Vet Ophthalmol 2007; 10:
108-116.

Wood JL, Lakhani KH, Mason IK, et al. Relationship of the degree of goniodysgenesis
and other ocular measurements to glaucoma in Great Danes. Am J Vet Res 2001;

62: 1493-1499.

65



Zhang K, Zhu X, Lu Y. The proteome of cataract markers: focus on crystallins. Adv Clin
Chem. 2018; 86: 179-210.

Zur G, Lifshitz B, Bdolah-Abram T. The association between the signalment, common
causes of canine otitis externa and pathogens. J Small Anim Pract 2011; 52: 254-

258.

66



i

g
-

AT

1

ks

Mol Al SR 3 A3ty
5= Proteomic £4¢f

o
il

g

701—

A

#

FAR=RTA

o 5n

— _ﬂw_v
)
L~

ol

Shrol o] ol Hael uwakith. 20119 1 €€ 20209 12 € 7HA

AR

bt

T~
W

bjJ

o WAAEY TP ke xR

Eo

Skl

2]

of 107 w7}

==
3

14,587 vz A
67

i

0]
pal

)5

==
R

[e)

of



2

=
7

=

A7,
H] 2] o

QAAM

obwlE)zt @7 AU,
EH,

o
pu

1

Bluas

gl 2] o,

st

o
h

EN=
T O

L]
s

=
-

oy,
2.3 4 9L, 53 vhele] A 93, 11 nkele] 93, 38 whelo) 43

Btk whebA,

Aol

o WA

¢

=0
>

H

7§ el A

] =
L

0

Rl

1

N

o

Eae IR kel

2]

L —
L.

Al 2 el

] A EvtE 785

A

gl o4 vhel

oH

A #412 ClueGO 71H=

o

(LC—MS/MS)

H

J

A
~

| =]
= 7

]

£

IFANA

1

XO

Hr

i

L

o
5

—_—

=3

3

A5t}

68

(10.49 £ 17.98 pg/uD) Wiz (0.45 + 0.11 pg/pl) Hoh 79



=252)

eefol A -

StAY, & (n
(YWHAE),

[<]

69)

7F (n
1 (SPP1), HE

=

[¢)
=

1\l 2]

3= 51 S A A pobA)

oHo=

758 79

o]

i

=

[e)
e Q)b
EERY

o A4

O}H

A5 <

NS

97k SUd 1FIA
A

(PGLYRP2),
FFEoldetolA] (MGAM), HIHE (VIM) ©]3it}.

(p < 0.05).
st

5
2

Hl ]

s
4

=0
>

H

~
or
ﬂo

Hr

o
ol

—_—

B

o

=y
o
T
i

St
S1

A

e

R

=

7

69

ol &)zt FA Avyda} A
A AZvtE 1T

H: 2005-30560

AEH o=,

1.

°
9




WA 2

FHE WA st A & wEsAd vy, ovy wadgw

A oy, agEA L

T A sk ofvlE gt AlelEel AA dd avsdd AF 2

AN o] B EW AR XA 55D @ @BetA Aolue.

obuld, ofmyd el slel Wix & 5 UUEUTh ofuld, ofnd
AU AgsAL. A TA S ol E F& 74 Hol AAFE BAE

70



ag
~

ol

ANAE ol

9 2 P 3 A,

St
o}

Sl

kAol AAF =y

)

o

oz}

E

]

o

Al RbE

A e el A 9

Fu,

]

o

al

15}

3E

oy
Hip

G

i
e

Al W= ARy o

=
5]—|°

AnHoz A% o

A|m

405 3 A= 1%

il
s

e

~X

il
Ho

B

for

or

il

1 ol e A

gol i

Uk oA

5]
H |

™

71



Al opmbE wWol w2 E, Fdo], w8 & o ARlE Al He

==

F 2, o= = b UEFAL ohurl wWol wghs], ¢ow T AR

K

B AN g RA ¥ okE 4, ol evibdl woel shA,

5 o} ofwr} e Al

—

Ab AN Ve 5 YRS E§ FA B REA o] W A

=HY

F8 A AFFA

72



	GENERAL  INTRODUCTION
	CHAPTER I A Retrospective Study of Canine Primary Glaucoma (2011-020)
	1.1 ABSTRACT
	1.2I NTRODUCTION
	1.3 MATERIALS  AND  METHODS
	1.4 RESULTS 
	1.5 DISCUSSION
	1.6 CONCLUSION
	CHAPTER II  Proteomic  analysis  of  aqueous  humor  in  canine  primary 
	glaucoma in American Cocker Spaniel dogs 
	2.1 ABSTRACT
	2.2 INTRODUCTION
	2.3 MATERIALS AND
	2.3.1.  Animals  studied  and  preparation
	2.3.2.  Aqueous  humor  collection
	2.3.3.  Total  protein  quantification
	2.3.4.  Sample  preparation  and  labeling
	2.3.5.  Liquid  chromatography-mass  spectrometry  analysis
	2.3.6.  Protein  identification
	2.3.7.  Data  analysis  for  protein  profiling
	2.3.8.  Peptidoglycan recognition proteins 2 detection by Western blot
	2.3.9..  Statistical  analysis
	2.4 RESULTS
	2.4.1.  Ophthalmic examination of primary angle-closure glaucoma group
	2.4.2.  Aqueous humor protein concentrations in the PACG and control
	2.4.3.  Protein  identification  4
	2.4.4. Western blot analysis of peptidoglycan recognition proteins 2
	2.5.DISCUSS ION 4
	2.6 CONCLUSION 
	GENERAL  CONCLUSIONS 5
	REFERENCES
	ABSTRACT  IN  KOREAN
	ACKNOWLEDGEMENTS


<startpage>11
GENERAL  INTRODUCTION 1
CHAPTER I A Retrospective Study of Canine Primary Glaucoma (2011-020) 5
1.1 ABSTRACT 6
1.2I NTRODUCTION 7
1.3 MATERIALS  AND  METHODS 9
1.4 RESULTS  11
1.5 DISCUSSION 15
1.6 CONCLUSION 19
CHAPTER II  Proteomic  analysis  of  aqueous  humor  in  canine  primary  angle-closure
glaucoma in American Cocker Spaniel dogs  20
2.1 ABSTRACT 21
2.2 INTRODUCTION 23
2.3 MATERIALS AND METHODS
2.3.1.  Animals  studied  and  preparation 26
2.3.2.  Aqueous  humor  collection 27
2.3.3.  Total  protein  quantification 27
2.3.4.  Sample  preparation  and  labeling 28
2.3.5.  Liquid  chromatography-mass  spectrometry  analysis 28
2.3.6.  Protein  identification 29
2.3.7.  Data  analysis  for  protein  profiling 30
2.3.8.  Peptidoglycan recognition proteins 2 detection by Western blot 30
2.3.9..  Statistical  analysis 31
2.4 RESULTS 32
2.4.1.  Ophthalmic examination of primary angle-closure glaucoma group 32
2.4.2.  Aqueous humor protein concentrations in the PACG and control 38
2.4.3.  Protein  identification  4 0
2.4.4. Western blot analysis of peptidoglycan recognition proteins 2 47
2.5.DISCUSS ION 4 8
2.6 CONCLUSION  55
GENERAL  CONCLUSIONS 5 6
REFERENCES 57
ABSTRACT  IN  KOREAN 67
ACKNOWLEDGEMENTS 70
</body>

