What role does the epithelium play in
the Pathogenesis of Keratoconus?
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Delphi Panel Collaboration: Definition/Diagnosis/Treatment of Keratoconus (April 2015)

ECIAL ARTICLE - . ‘p . .
— e Currently, there is no clinically adequate classification system for

keratoconus

Global Consensus on Keratoconus and Ectatic Diseases
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Published Rates of Eye Disease

 Variable across populations
and studies

* Highest published rate of
keratoconus: 2.34%
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Incidence of Keratoconus in Australia?

* How many subclinical or “form fruste”?

* Investigation of keratoconus in an Australian refractive population. Hodge C, Chan C, Sutton G.
Clin Experiment Ophthalmol. 2014 Nov;42(8):796-8.

Diagnosis Number of Mean age = SD (range) Male/Female Ratio
_cases

FFKC " (1.53%) 37.5 + 11.6 years ( 20 - 67) 53.1% / 46.9%
C

63 (0.99%) 37.7 £ 11.5 years (17 - 64) 55.6% / 44.4%

Corneal 38.3+8.7 years (24 -61) 10.5% / 89.5%
Warpage




2 “Hit” Hypothesis'#

* Genetically predisposed
Individualt>

e 2nd Hijt

* Eye rubbing ®
e LASIKY/
* Second Genetic Defect!®

e CLwear?

14.McGhee CN Clin Experiment Ophthalmol. 2009 Mar;37(2):160-76
15. Burdon K et al Hum Genet (2008) 124:379-386

16. Krachmer, J.H. Cornea, 2004. 23(6): p. 539-40.

17. Seiler T. J Cataract Refract Surg. 1998 Jul;24(7):1007-9

18. Sugar A. Cornea. 2012 Jun;31(6):716-9

3. Rabinowitz Y.S. Surv Ophthalmol 1998;42




The Keratoconus Mystery

» “Keratoconus” may be the end stage of multiple disease processes with varied pathogeneses, all
of which share final anatomical and clinical similarities

* “The mechanical stress on the cornea imposed by eye rubbing may not be as much as a second
hit evoking the structural changes of a predisposed cornea ... but rather the necessary trigger and
sine qua non of the keratoconus process.”




Role of inflammation in keratoconus

evated Expression of Matrix Metalloproteinase-9 and
Inflammatory Cytokines in Keratoconus Patients Is
Inhibited by Cyclosporine A
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Role of inflammation in keratoconus
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Eve rubbing as an integral factor in keratoconus
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Eye Rubbing, a Sine Qua Non for Keratoconus?
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Fig. 1: Topographical aspect of a “unilateral” keratoconus in the right eye (axial map, OPDscan III)

rubbing his eyes vigorously. The corneal pachymetry was 550 pm in both eyes centrally. However, the patient admitted sleeping on the
right side, with the pillow placed under his head and applied to the right side of his face by his right hand. During a subsequent visit, the
patient recognized that he realized that he often rubbed his eyes, once having been warned of this eventuality. The combination of repeated
daytime rubbing and nighttime compression of the right eye’s cornea may explain the increased severity of its topographic deformation
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Histopathology!°

* Central, Paracentral thinning

* Breaks in Bowman’s
* (Descemet’s membrane)

» Keratocyte density reduced

* Keratocyte apoptosis

EPITHELIUM
Often thinned.
Irregular cells.
Lost basal integrity
Apoptotic cells

STROMA
Loss of lamellae

Altered fibril
orientation

BOWMAN'S
MEMBRANE
Breaks or absent
Cells present
Fibrotic regions

KERATOCYTES
Often fewer
More active
Fibroblastic

Apoptotic cells

BASEMENT
MEMBRANE
Irregular
Broken/ thickened
Uneven integrin

DESCEMET'S
MEMBRANE
Ruptures
Folds

NERVE FIBRES
Thickened

Keratocyte
associations

ENDOTHELIUM
Sometimes
pleomorphic

Apoptotic cells

10. Erie, J.C., et al. Am J Ophthalmol




Focus on KC epithelium

Earliest changes (elongated epithelial
cells)1!

Lack of basal epithelial integrity and

oedema?? I ,
" o —
\ . - \ e / 3 =
* Apoptosis in basal epithelium >90% cf — e A e St
0% control!3 e e ST
- - R —
_—d st /./_- -‘

Removal of epithelium causes
keratocyte apoptosis not vv

11Sherwin et al . Clin exp Ophthal 2004
12Somadi et al Ger J ophtal 1997
13 Kaldawy et al Cornea 2002




Keratoconus: Cascade

Genetically predisposed individual

¥

Second hit

4

Altered signaling to stromal
keratocytes, neural abnormalities

¥

Apoptosis, enzymatic degradation

A

Stromal loss and thinning

4




Keratoconus: Questions
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differentiation,proliferation————
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Wnt Signalling Pathway

* The Wnt signaling pathway
. 2= ‘
describes a complex > jui < a
network of proteins o R R

* Physiological processes
including cell polarity, .
proliferation, migration, | Z‘ & 1 W}W‘
apoptosis =

e Ubiquitous in mammals




Si-RIFP

e Secreted Frizzled related
Proteins

* 5in humans

e Act as extracellular
signalling ligands

* Apoptosis,cellular
migration and proliferation

sFRP —— Wt signalling

sFRPs
wnt

LRP5/6
>

, Frizzled

. -
N

. 4

Inhibition of Wnt signalling



SFRP1: Initial Results

Fold Increase in GeneExpression

Chnical & Experimental Ophibaknology

30,00 ical and Experimental Cphthalmolog 2 10.1111].1442-207 1.2009,

Secreted frizzled-related protein 1 (SFRP1) is highly
upregulated in keratoconus epithelium: a novel
finding highlighting a new potential focus for
keratoconus research and treatment

Fold Upregulation
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5 Id Change
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Immunolabeling of SFRP family

 To examine the SFRPs
(SFRP1-5) expression in K
and control corneas

ol - Central KC - Adjacent to Cone KC - Cone Region

Epi

Stroma

50um

OPEN & ACCESS Fresly available online

Expression of SFRP Family Proteins in Human
Keratoconus Corneas

Jingjing You', Li Wen', Athena Roufas', Michele C. Madigan'2*, Gerard Sutton "4
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Tear levels of SFRP1
patients

mn eye research
an trypsin inhibitor as an external loading control for
sis of tear proteins




Tear Levels of SFRP1 in keratoconus
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SFRP1:total tear protein (age-matched control
and KC tears)

P = 0.007 (Kruskal-Wallis)
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1 levels of SFRP1 are significantly reduced in keratoconus
patients
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Control corneal epithelial cell KC cornea epithelial cell
outgrowth after 1 week outgrowth after 1 week

' Primary KC corneal epithelial cells
harvested from explant outgrowth

l
Primary control corneal epithelial cells

harvested from explant outgrowth

' a . ~On
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SFRP1 effect on human corneal epithelial cell proliferation

Effect of exogenous SFRP1 on the proliferation of primary
limbal epithelial cells

40000
35000

E 30000

=
S 25000

*SFRP1 induced a dose-dependent
increase in cell proliferation,
compared to untreated controls.




SFRP1 effect on human corneal epithelial cells =preliminary
results

Anti-oxidative potential of
SFRP1

Effect of SFRP1 on cells treated with H202

* Viability was significantly
increased for cells with H,0,
and SFRP1, compared to y
cells exposed to H,0, alone 3 oo "srre
(p=0.04) Soos @ No treatment

¢ H202 only
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Recent evidence: KC + HGF

* Two parallel genome-wide
association studies identifying
potential SNPs associated with
KC.*

* Reported a significant
association between KC and
the hepatocyte growth factor
(HGF) gene.
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Keratoconus HGF:cMET Corneal cellular regulation

* |nitiates Corneal Epithelial Cell Migration*
Wit Delta (ligand) l\f(ft}:lorl
— S Frizzled A | \
Y. X wmdm e Corneal Proliferation & Layer Formation of
ﬁ\ Corneal Epithelial Cells**
[ J

Implicated in Corneal Wound Healing™**

*Daniels, et al Investigative Ophthalmology and Visual Science 2003
**Wilson S et al Investigative Ophthalmology and Visual Science, 1993.
***Carrington Journal of Cataract and Refractive Surgery, 2005.




Research Article
Expression of HGF and c-Met Proteins in
Human Keratoconus Corneas

Jingjing You,' Li Wen,' Athena Rouf Chris Hodge, "’
' and Michele C. Madigan'

2 ‘.

Gerard Sutton,

It Institi
Sive Syght Daritn

1. Introduction




Immunostaining results

Control n=5 KC n=10 1gG

C-Met

HGF

C-Met as a membrane bound ligand showed strong staining in
the basal epithelial cells of KC compared to control. HGF also
tends to express more in the basal layer of KC epithelium.




Keratoconus RNA sequencing

RNA sequencing:

* Use next generation sequencing technique to profile the
transcriptome (RNA)

* 40,900 genes proflied in the corneal epithelial samples

* |dentified 83 differentially expressed genes 83 using “Deseq” (a
bioinformatics tool)
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Network analysis using Consensus Path Database
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Reduction of Notch 1 protein expression

Notch 1

‘__-——---‘

P=0.004

Notch 1 protein is
significantly reduced in KC
compare to control epithelial
cells.

(GAPDH is internal control)

The reduction of Notch 1 in
KC compared to control
epithelium suggests
involvement of abnormal
epithelial cell differentiation
in the pathogenesis of KC.



Notch Implicated in Intestinal Epithelial Cell Regulation

MDCK cells expressing PLLP MDCK cells without PLLP expression

{Jagged- 1

Epithelial cell Epithelial cell

Mucocsecretory Endocytic Intestinal cell Intestinal cell
compartment compartment differentiation differentiation

Correct Defects in
patterning intestinal cell
of posterior differentiation
midgut

*VanDussen K2012 Feb 1; 139(3): 488-497




Wnt & Notch Pathways Work In Tandem™

a-Notch
a-Notch a-LRPE
Rescue of Notch blockade

with Wnt attenuation

Notch blockade

* Stem Cells. 2013 Jun;31(6):1086-96.
Ogaki S(1), Shiraki N, Kume K, Kume S.




Summary: KC Unit Sydney University

* Evidence mounting that corneal epithelial
migration differantiation and proliferation are
abnormal in Keratoconus

* We hypothesise that the abnormal epithelium
leads to abnormal signalling to keratocytes and
subsequent defective collagen production

* We have identified a number of target pathways
with diagnostic and therapeutic potential.
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