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How we conquered keratoconus? 
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Delphi Panel Collaboration: Definition/Diagnosis/Treatment of Keratoconus (April 2015) 

Gomes JA, Tan D, Rapuano CJ, Belin MW, Ambrósio R Jr, Guell JL, Malecaze F, Nishida K, Sangwan VS; Group of Panelists for 
the Global Delphi Panel of Keratoconus and Ectatic Diseases. 

Global consensus on keratoconus and ectatic diseases. 
Cornea. 2015 Apr;34(4):359-69.  
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Published Rates of Eye Disease 

• Variable across populations 
and studies 

 

• Highest published rate of 
keratoconus: 2.34% 

First 
Author 

Year Sample 
Size 

Age 
Range 

Locatio
n  

Source Prevalence 
Rate (per 
100,000) 

Hofstette
r 

1959 13395 1-79 USA General 600 

Tanabe 1985 2601 10-60 Japan Hospital 9 

Kennedy 1986 64 KC 12-77 USA Hospital 54.5 

Santiago 1995 670 18-22 France Army 1190 

Gorskova 1998 - - Russia Hospital 0.2-0.4 

Pearson 2000 382 10-44 UK Hospital 57 (white) 
229 (Asian) 

Nielson 2007 772 - Denmar
k 

National 
Registry 

86 

Jonas 2009 4667 > 30 India General 2300 

Milodot 2011 981 18-54 Israel Student 2340 

Reeves 2009 - > 65 USA Medicar
e 

15.7 – 18.3 

Alalyeob
a 

2007 1144 4-24 Nigeria Student 440 

Ziaei 2012 536   Iran General 24.9 

Waked 2012 92 23.6 
Mean 

Lebanon Student 3300 

Owens 2007 198 16.8 
Mean 

Maori 
New 
Zealand 

Student 1538 (KC) 
26,900 
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• 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.  

 

 

Incidence of Keratoconus in Australia5 

Diagnosis Number of 
cases 

Mean age ± SD (range) Male/Female Ratio 

FFKC 98 (1.53%) 37.5 ± 11.6 years ( 20 - 67) 53.1% / 46.9% 

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

Corneal 
Warpage 

19 (0.30%) 38.3 ± 8.7 years ( 24 - 61) 10.5% / 89.5% 
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• Genetically predisposed 
Individual15 

 

 

• 2nd Hit 
• Eye rubbing 16 
• LASIK17 

• Second Genetic Defect18 

• CL wear 3 

 

 

   

 
 

2 “Hit” Hypothesis14 

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 
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• “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.” 

 

The Keratoconus Mystery 
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Role of inflammation in keratoconus 
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Role of inflammation in keratoconus 

Eye rubbing vs. Inflammation 
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Eye rubbing as an integral factor in keratoconus 
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• Central, Paracentral thinning 

 

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

 

• Keratocyte density reduced 

 

• Keratocyte apoptosis  

Histopathology10 

10. Erie, J.C., et al. Am J Ophthalmol, 2002. 134(5): p. 689-95.  
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• Earliest changes (elongated epithelial 
cells)11 

 

• Lack of basal epithelial integrity and 
oedema12 

 

• Apoptosis in basal epithelium >90% cf 
0% control13 

 

• Removal of epithelium causes 
keratocyte apoptosis not vv 

 

 

Focus on  KC epithelium 

11 Sherwin et al . Clin exp Ophthal 2004 
12 Somadi et al Ger J ophtal 1997 

13 Kaldawy et al Cornea 2002 
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Keratoconus: Cascade 

Genetically predisposed individual 

Second hit 

Epithelial cellular abnormality 
Altered signaling to stromal 

keratocytes, neural abnormalities 

Apoptosis, enzymatic degradation 

Stromal loss and thinning 

Not fo
r R

elease



Genetically predisposed individual 

Second hit 

Epithelial cellular abnormality 

Altered signaling to stromal 

keratocytes, neural abnormalities 

Apoptosis, enzymatic degradation 

Stromal loss and thinning 

Is KC an epithelial migration, 

differentiation, proliferation 

and/or a stromal 

communication problem? 

 

Is there a candidate 

cellular metabolic pathway  

or protein that is abnormal 

that we can target for 

diagnostic of therapeutic 

purposes? 

Keratoconus: Questions 
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• The Wnt signaling pathway 
describes a complex 
network of proteins  

• Physiological processes 
including cell polarity, 
proliferation, migration, 
apoptosis  

 

• Ubiquitous in mammals 

 

 

 

 

Wnt Signalling Pathway 
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• Secreted Frizzled related 
Proteins 

 

• 5 in humans 

 

• Act as extracellular 
signalling ligands  

 

• Apoptosis, cellular 
migration and proliferation 

sFRP 
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Gene 

Fold Change 

(KC vs 
Control) 

P-value 

FOSL1 -1.5674 NS (P=0.073) 

FZD7 1.77 NS (P=0.065) 

JUN 1.5721 NS (0.515) 

LEF1 2.2082 P=0.013 

LRP5 1.605 P=0.0106 

SFRP1 10.865 P=0.0017 

WISP1 1.8256 NS (P=0.191) 

WNT2B 1.589 NS (P=0.117) 

WNT5A -2.253 NS (P=0.16) 

WNT16 -2.0258 NS (P=0.254) 

Control 
Genes 

Fold Change 

(KC vs 
Control) 

P-value 

B2M 1.1827 NS (P=0.49) 

RPL13A 1.0324 NS (P=0.741) 

ACTB -1.272 NS (P=0.203) 

 

 

 

sFRP1: Initial Results  
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• To examine the SFRPs 
(SFRP1-5) expression in KC 
and control corneas 

Immunolabeling of SFRP family 
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Tear Levels of SFRP1 in keratoconus 
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Control cornea 

explant 

KC cornea 

explant 

Control corneal epithelial cell 

outgrowth after 1 week 
KC cornea epithelial cell 

outgrowth after 1 week 

Primary control corneal epithelial cells 

harvested from explant outgrowth 

Primary KC corneal epithelial cells 

harvested from explant outgrowth 
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•SFRP1 induced a dose-dependent 
increase in cell proliferation, 
compared to untreated controls.  

•(~1 to 1.3 fold difference). 

 

SFRP1 effect on human corneal epithelial cell proliferation 
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Anti-oxidative potential of 
SFRP1  

 

• Viability was significantly 
increased for cells with H2O2 

and SFRP1, compared to 
cells exposed to H2O2 alone 
(p=0.04) 

 

SFRP1 effect on human corneal epithelial cells – preliminary 
results 
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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. 

 
HGF 

* K. P. Burdon, S. Macgregor, Y. Bykhovskaya et al., Investigative Ophthalmology & Visual Science, 
vol. 52, no. 11, pp. 8514–8519, 2011.  
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Keratoconus  HGF:cMET Corneal cellular regulation 

 
• Initiates Corneal Epithelial Cell Migration* 

 

• Corneal Proliferation & Layer Formation of 
Corneal Epithelial Cells** 

 

• 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.  
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Immunostaining results 
IgG Control n=5 

C-Met 

 

KC n=10 

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. 
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RNA sequencing:  

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

 

• 40,900 genes proflied in the corneal epithelial samples 

 

• Identified 83 differentially expressed genes 83 using “Deseq” (a 
bioinformatics tool)  

 

 

Keratoconus RNA sequencing 
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baseMean log2FoldChange lfcSE stat pvalue padj Symbol Gene_type Chr length 

ENSG00000099864 201.9947217 -1.251746457 0.248436382 -5.03849897 4.69E-07 0.003853181 PALM protein_coding 19 39390 

ENSG00000004660 178.1381219 -0.982319019 0.196793679 -4.991618765 5.99E-07 0.003853181 CAMKK1 protein_coding 17 34576 

ENSG00000078114 9815.232202 0.36187407 0.073166191 4.945919242 7.58E-07 0.003853181 NEBL protein_coding 10 394214 

ENSG00000114737 111.6750307 -0.905202716 0.196626303 -4.603670519 4.15E-06 0.015829145 CISH protein_coding 3 5341 

ENSG00000277196 64.91040756 -1.126549209 0.252127367 -4.468175045 7.89E-06 0.022989686 protein_coding KI270734.1 23770 

ENSG00000167656 897.4938334 -1.100095477 0.247832461 -4.438867574 9.04E-06 0.022989686 LY6D protein_coding 8 1712 

ENSG00000167325 2617.502386 0.180758144 0.041035747 4.404894665 1.06E-05 0.02306151 RRM1 protein_coding 11 44169 

ENSG00000135373 11919.24305 0.287641106 0.065807056 4.370976658 1.24E-05 0.023583429 EHF protein_coding 11 39964 

ENSG00000007933 20.75697911 1.084945707 0.250433772 4.332265967 1.48E-05 0.025011955 FMO3 protein_coding 1 26942 

ENSG00000196411 1144.13835 -0.532563903 0.123856009 -4.299863271 1.71E-05 0.026067914 EPHB4 protein_coding 7 24956 

ENSG00000102934 650.1614936 -0.576352961 0.137770569 -4.183425871 2.87E-05 0.033083994 PLLP protein_coding 16 36140 

ENSG00000197020 740.8147248 0.57719732 0.138393312 4.170702427 3.04E-05 0.033083994 ZNF100 protein_coding 19 44862 

ENSG00000135083 25.4007865 -1.050541027 0.251225704 -4.181662186 2.89E-05 0.033083994 CCNJL protein_coding 5 93744 

ENSG00000164850 108.0732756 -0.810405166 0.192905357 -4.201050614 2.66E-05 0.033083994 GPER1 protein_coding 7 11607 

ENSG00000019144 523.0881946 -0.669934876 0.163356759 -4.101053909 4.11E-05 0.039207143 PHLDB1 protein_coding 11 51598 

ENSG00000155744 4212.210963 0.319646685 0.077782715 4.109482209 3.97E-05 0.039207143 FAM126B protein_coding 2 97953 

ENSG00000101224 263.7524923 -0.636676122 0.157242149 -4.049016918 5.14E-05 0.046147707 CDC25B protein_coding 20 19349 

ENSG00000168079 78.66468146 -0.968608426 0.240047811 -4.035064611 5.46E-05 0.04625665 SCARA5 protein_coding 8 122845 

ENSG00000003137 136.2264839 -0.789718019 0.197983654 -3.98880415 6.64E-05 0.04861094 CYP26B1 protein_coding 2 18800 

ENSG00000070950 527.4428342 0.266101005 0.066742903 3.986955796 6.69E-05 0.04861094 RAD18 protein_coding 3 188371 

ENSG00000081026 3399.563627 0.489267037 0.122708677 3.987224455 6.69E-05 0.04861094 MAGI3 protein_coding 1 295174 

ENSG00000279141 88.43235684 -0.808963178 0.205656661 -3.933561762 8.37E-05 0.058028181 LINC01451 lincRNA 9 5157 

ENSG00000114480 1676.506477 0.290955183 0.074183993 3.922074968 8.78E-05 0.058219816 GBE1 protein_coding 3 272462 

ENSG00000131669 437.6379309 -0.882589643 0.229199972 -3.850740623 0.000117761 0.060190465 NINJ1 protein_coding 9 12799 

ENSG00000143816 315.0990888 -0.639128265 0.166378624 -3.841408527 0.00012233 0.060190465 WNT9A protein_coding 1 29242 

ENSG00000102879 27.54455679 -0.887194853 0.228431669 -3.883852256 0.000102814 0.060190465 CORO1A protein_coding 16 6249 

ENSG00000167157 24.11416777 -0.865988114 0.224685361 -3.854225793 0.000116096 0.060190465 PRRX2 protein_coding 9 57033 

ENSG00000075618 401.139538 -0.668913283 0.173526845 -3.85481153 0.000115819 0.060190465 FSCN1 protein_coding 7 13832 

ENSG00000188483 75.97196887 -0.638976041 0.166095096 -3.847049412 0.000119549 0.060190465 IER5L protein_coding 9 2710 

ENSG00000135736 81.60556285 -0.742618389 0.192151257 -3.864759464 0.000111199 0.060190465 CCDC102A protein_coding 16 24421 

ENSG00000126822 3498.901799 -0.58753529 0.152883234 -3.843032836 0.000121523 0.060190465 PLEKHG3 protein_coding 14 46145 

ENSG00000126368 729.5120906 -0.877388358 0.229377698 -3.825081362 0.000130729 0.06231275 NR1D1 protein_coding 17 7938 

ENSG00000100092 383.662174 -0.736583744 0.193116309 -3.814197504 0.000136626 0.063150273 SH3BP1 protein_coding 22 32278 

ENSG00000103089 4651.522364 -0.419665506 0.110633148 -3.793307111 0.000148654 0.066688859 FA2H protein_coding 16 61876 

ENSG00000186635 2137.582455 -0.457377636 0.121154351 -3.775164751 0.000159902 0.068415231 ARAP1 protein_coding 11 108530 

ENSG00000135925 876.1240018 -0.559109168 0.148197628 -3.772726843 0.000161473 0.068415231 WNT10A protein_coding 2 19218 

ENSG00000111199 65.51744552 -0.686664509 0.182346925 -3.765703796 0.000166081 0.068465602 TRPV4 protein_coding 12 50316 

ENSG00000186871 77.59920894 0.618622082 0.165472136 3.738527207 0.000185101 0.074298753 ERCC6L protein_coding X 34390 

ENSG00000165948 99.48273372 -0.658009489 0.177240615 -3.712520907 0.000205205 0.078249836 IFI27L1 protein_coding 14 22564 

ENSG00000108582 6340.699349 0.365628285 0.098384704 3.716312288 0.000202152 0.078249836 CPD protein_coding 17 91084 

ENSG00000118707 269.9171334 -0.399563318 0.10806543 -3.697420323 0.000217802 0.081027488 TGIF2 protein_coding 20 20462 

ENSG00000179846 170.4599844 -0.7459231 0.202103696 -3.690793963 0.000223555 0.081187785 NKPD1 protein_coding 19 10400 

ENSG00000182511 55.40258795 -0.807540152 0.219720566 -3.675305257 0.000237565 0.083508223 FES protein_coding 15 12081 

ENSG00000188191 116.6152998 -0.570344106 0.155333004 -3.671750959 0.000240894 0.083508223 PRKAR1B protein_coding 7 178453 

ENSG00000168939 130.6995499 0.681023674 0.187792539 3.626468214 0.000287324 0.088000187 SPRY3 protein_coding X 14647 

ENSG00000148400 1788.001017 -0.723443285 0.19865841 -3.64164439 0.000270902 0.088000187 NOTCH1 protein_coding 9 51418 

ENSG00000132481 148.8343006 -0.716423846 0.197764645 -3.622608303 0.000291647 0.088000187 TRIM47 protein_coding 17 4414 

ENSG00000172795 4035.659892 0.271666526 0.075039349 3.620320936 0.000294238 0.088000187 DCP2 protein_coding 5 44268 

ENSG00000147416 6695.135144 0.218436807 0.060110467 3.633922963 0.000279144 0.088000187 ATP6V1B2 protein_coding 8 29452 

ENSG00000185332 36.28414077 -0.638992189 0.175919639 -3.632295931 0.000280911 0.088000187 TMEM105 protein_coding 17 19404 

ENSG00000006704 306.7905576 -0.593572761 0.163444251 -3.631652743 0.000281612 0.088000187 GTF2IRD1 protein_coding 7 148814 

ENSG00000107521 745.0370575 -0.563570481 0.156138804 -3.60941973 0.000306883 0.090016963 HPS1 protein_coding 10 30749 

ENSG00000197122 510.5957878 -0.571186927 0.160713488 -3.55406964 0.000379319 0.090157149 SRC protein_coding 20 61365 

ENSG00000126705 395.188394 -0.647090114 0.182445668 -3.546755167 0.000390007 0.090157149 AHDC1 protein_coding 1 70396 

ENSG00000160588 6848.771736 0.267809234 0.074867844 3.577092929 0.000347437 0.090157149 MPZL3 protein_coding 11 25660 

ENSG00000031081 46.9055293 -0.783480688 0.218194026 -3.590752248 0.000329725 0.090157149 ARHGAP31 protein_coding 3 126341 

ENSG00000110446 31.86377847 -0.781851392 0.219956235 -3.554577079 0.000378588 0.090157149 SLC15A3 protein_coding 11 15447 

ENSG00000196405 190.0044268 -0.526728024 0.14884321 -3.538811249 0.000401933 0.090157149 EVL protein_coding 14 172787 

ENSG00000140931 47.17110678 -0.812962019 0.227802291 -3.56871749 0.000358733 0.090157149 CMTM3 protein_coding 16 10018 

ENSG00000066735 247.2006672 -0.598918991 0.168408154 -3.556353885 0.000376037 0.090157149 KIF26A protein_coding 14 42171 

ENSG00000173621 139.1619147 -0.863231478 0.242155294 -3.564784666 0.000364155 0.090157149 LRFN4 protein_coding 11 3828 

ENSG00000165171 49.40774521 -0.816782687 0.230240435 -3.547520607 0.000388875 0.090157149 WBSCR27 protein_coding 7 7945 

ENSG00000162714 1022.882849 -0.441880996 0.124411448 -3.551771195 0.000382647 0.090157149 ZNF496 protein_coding 1 34434 

ENSG00000160094 693.8423616 -0.383281856 0.107512612 -3.56499435 0.000363864 0.090157149 ZNF362 protein_coding 1 44174 

ENSG00000162430 195.5299937 -0.604673407 0.170358442 -3.5494185 0.000386083 0.090157149 SEPN1 protein_coding 1 18048 

ENSG00000090776 914.8787517 -0.666501227 0.188317798 -3.539236516 0.000401286 0.090157149 EFNB1 protein_coding X 13150 

ENSG00000176046 322.6435407 -0.797582741 0.225178291 -3.542005481 0.000397097 0.090157149 NUPR1 protein_coding 16 6466 

ENSG00000118873 3102.719614 0.254577051 0.071167174 3.577169604 0.000347335 0.090157149 RAB3GAP2 protein_coding 1 124161 

ENSG00000010803 729.9072651 -0.359554493 0.101717213 -3.534844135 0.000408016 0.090195135 SCMH1 protein_coding 1 214954 

ENSG00000145743 1528.9675 0.412497749 0.116993009 3.525832476 0.000422154 0.091987338 FBXL17 protein_coding 5 523063 

ENSG00000042286 204.1551876 -0.457401015 0.129949511 -3.519836375 0.000431813 0.092189201 AIFM2 protein_coding 10 34711 

ENSG00000182103 96.91567289 -0.596336167 0.169871902 -3.510505036 0.000447256 0.092189201 FAM181B protein_coding 11 3923 

ENSG00000205534 32.28465166 -0.745134198 0.212175873 -3.511870544 0.000444965 0.092189201 SMG1P2 
unprocessed_pseudoge
ne 16 67398 

ENSG00000158246 374.2628603 -0.809336174 0.230228811 -3.515355755 0.000439165 0.092189201 FAM46B protein_coding 1 7816 

ENSG00000137992 2014.859481 0.269795638 0.077730712 3.470901404 0.000518714 0.0977233 DBT protein_coding 1 62915 

ENSG00000145730 2627.262127 0.34999505 0.100840517 3.470778016 0.000518953 0.0977233 PAM protein_coding 5 277124 

ENSG00000092295 868.6076926 -0.779076128 0.223751038 -3.481888332 0.000497891 0.0977233 TGM1 protein_coding 14 15318 

ENSG00000129493 1069.320815 0.373970808 0.107703561 3.472223252 0.000516167 0.0977233 HEATR5A protein_coding 14 128791 

ENSG00000261713 173.9657564 -0.787950698 0.225928533 -3.487610391 0.000487358 0.0977233 SSTR5-AS1 processed_transcript 16 14638 

ENSG00000069248 2541.020247 0.226925953 0.06513703 3.4838241 0.000494304 0.0977233 NUP133 protein_coding 1 68081 

ENSG00000114853 383.5627698 -0.478858529 0.137567945 -3.480887413 0.000499756 0.0977233 ZBTB47 protein_coding 3 12170 

ENSG00000139324 19228.55268 0.303487735 0.08757466 3.465474335 0.000529297 0.098455705 TMTC3 protein_coding 12 57591 

ENSG00000178498 82.27516945 -0.63811209 0.18431927 -3.461993365 0.00053619 0.098536286 DTX3 protein_coding 12 5182 
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Network analysis using Consensus Path Database 

Purple colour: gene; Light Blue: protein; Dark green: protein complex 

Green line: protein activation; purple line: gene activation; orange line: protein 

interaction; Dash line: activation direction uncertain 
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Reduction of Notch 1 protein expression 

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.  
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Notch Implicated in Intestinal Epithelial Cell Regulation 

*VanDussen K2012 Feb 1; 139(3): 488–497 
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Wnt & Notch Pathways Work In Tandem* 

* Stem Cells. 2013 Jun;31(6):1086-96.  

Ogaki S(1), Shiraki N, Kume K, Kume S. 
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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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