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DESCRIPTION
FIELD OF THE INVENTION

[0001] The invention relates to the field of molecular diagnosis and prognosis methods for 
pathologies. In particular, the invention relates to methods for determining the diagnosis of an 
ectatic disease of the cornea in a subject, for determining the risk of developing an ectatic 
disease of the cornea in a subject, for determining the clinical outcome of a subject suffering 
from an ectatic disease of the cornea and for selecting a subject to be treated with a therapy 
for an ectatic disease of the cornea based on the determination of the expression levels of toll­
like receptors (TLR) TLR2 and/or TLR4 markers. The invention also relates to the use of the 
TLR2 and/or TLR4 as diagnostic and prognostic markers for an ectatic disease of the cornea.

BACKGROUND OF THE INVENTION

[0002] Corneal ectasia is a progressive disease that adversely affects the structural integrity of 
the cornea. The weakened cornea bulges, and crippling irregular astigmatism starts to 
develop. The astigmatism degrades vision and as the disease progresses, scarring of the 
cornea occurs. Corneal ectasia includes keratoconus, pellucid marginal degeneration, post- 
refractive surgery ectasia, and other rare diseases such as keratoglobus. New modalities for 
the treatment of corneal ectasia have been developed, such as corneal collagen cross-linkage 
that uses UV light and Riboflavin to stiffen the cornea and halt the progression of the disease. 
It is desirable to halt the progression of the disease at a very early stage, before vision is 
degraded by irregular astigmatism or scarring. The most common cause of the post-refractive 
surgery ectasia that threatens vision in those patients is performing the refractive surgery on 
an early ectasia patient who was not detected by the conventional current diagnostic 
techniques. This highlights the need for a specific and sensitive sign that can be used to detect 
those early patients to save them from such a devastating complication.

[0003] Corneal topography and thickness are among the current diagnostic criteria of ectasia. 
Their use is complicated by their variations among the general populations. Normal range of 
corneal thicknesses is wide, and overlapping between normal thin corneas and early ectasia 
patients complicates the use of this criterion in the diagnosis of early cases of ectasia. Thus, 
lack of specificity is a significant limitation of using corneal thickening for the diagnosis of the 
ectasia. Corneal topography use in diagnosis of ectasia shares the same limitations as corneal 
thinning. Irregular astigmatism is seen in normal subjects and in ectasia patients complicating 
its use to make the diagnosis, especially in mild cases.

[0004] WO 2011/066621 A1 discloses the diagnosis of corneal ectasia by determining the level 
of expression ofSFRPI, PITX2, LEF1, WNT16 or WNT5A.
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[0005] US 2007/248970 A1 discloses a method for detecting keratoconus comprising assaying 
AQP5 expression.

[0006] WO 2013/107826 A2 discloses antibodies against TLR2 or TLR4 in a kit for diagnosing 
sepsis. De-Quan Li et al. (De-Quan Li et al. Chapter 4. Recent Advances in Mucosal 
Immunology and Ocular Surface Diseases. In "Advances in Ophthalmology" edited by Shimon 
Rumelt. IntechOpen, 2012) discloses an antibody against TLR4 and that TLR's could become 
novel biomarkers for allergic inflammatory diseases.

[0007] Micera et al. (Micera et al., 2005. Current Opinion in Allergy and Clinical Immunology, 
5(5): 451-458), Li Yingchao et al. (Li Yingchao et al. 2013. IOVS, 54(6):4261-4270), Xiaoyong 
Yuan et al. (Xiaoyong Yuan et al. 2010. IOVS, 51(4):2094-2100), Lambiase et al. (Lambiase et 
al. 2011. Clinical Science, 161(10):7054-450), Johnson et al. (Johnson et al. 2005. IOVS, 
46(2):589-595) disclose the involvement of TLR's in inflammatory eye diseases or eye 
infections or allergies.

[0008] Innovative orientation ofthe research is necessary in this context to provide biomarkers 
for diagnosing corneal ectasia in a subject as well as for determining the risk of onset and the 
progression of said disease.

BRIEF DESCRIPTION OF THE INVENTION

[0009] In a first aspect, the invention relates to an in vitro method for diagnosing an ectatic 
disease ofthe cornea in a subject which comprises:

1. a) determining the expression level of TLR2 and/or TLR4 in a sample from said subject; 
and

2. b) comparing said expression level with a reference value wherein, if the expression 
level of TLR2 and/or TLR4 is higher than said reference value is indicative that the 
subject suffers from an ectatic disease ofthe cornea.

[0010] In another aspect, the invention relates to an in vitro method for determining the risk of 
developing an ectatic disease ofthe cornea in a subject which comprises:

1. a) determining the expression level of TLR2 and/or TLR4 in a sample from said subject; 
and

2. b) comparing said expression level with a reference value.

wherein, if the expression level of TLR2 and/or TLR4 is higher than said reference value is 
indicative that the subject has high risk of developing an ectatic disease of the cornea.

[0011] In another aspect, the invention relates to an in vitro method for determining the clinical
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outcome ofa subject suffering from an ectatic disease of the cornea, comprising:

1. a) determining the expression level of TLR2 and/or TLR4 in a sample from said subject; 
and

2. b) comparing said expression level with a reference value

wherein if the expression level of TLR2 and/or TLR4 is higher than said reference value is 
indicative ofa negative clinical outcome.

[0012] In another aspect, the invention relates to an in vitro method for selecting a subject to 
be treated with a therapy for an ectatic disease of the cornea which comprises:

1. a) determining the expression level of TLR2 and/or TLR4 in a sample from said subject; 
and

2. b) comparing said expression level with a reference value

wherein if the expression level of TLR2 and/or TLR4 is higher than said reference value is 
indicative that said subject is candidate to be treated with a therapy for an ectatic disease of 
the cornea.

[0013] In another aspect the invention relates to the use of TLR2 and/or TLR4 as a marker for 
determining the diagnosis of an ectatic disease of the cornea in a subject.

[0014] In another aspect, the invention relates to the use of TLR2 and/or TLR4 as a marker for 
determining the risk of developing an ectatic disease of the cornea in a subject.

[0015] In another aspect, the invention relates to the use of TLR2 and/or TLR4 as a marker for 
determining the clinical outcome of a subject suffering from an ectatic disease of the cornea.

[0016] In another aspect, the invention relates to the use of TLR2 and/or TLR4 as a marker for 
selecting a subject to be treated with a therapy for an ectatic disease of the cornea.

[0017] In another aspect, the invention relates to the use of a kit which comprises an antibody, 
a polypeptide, a primer and/or a probe which specifically bonds to TLR2 and/or TLR4 for 
determining the diagnosis of an ectatic disease of the cornea in a subject, for determining the 
risk of developing an ectatic disease of the cornea in a subject, for determining the clinical 
outcome of a subject suffering from an ectatic disease of the cornea or for selecting a subject 
to be treated with a therapy for an ectatic disease of the cornea.

[0018] Finally, in another aspect, the invention relates to an in vitro method for determining the 
risk that a subject suffers ectasia following refractive surgery which comprises:

1. a) determining the expression level of TLR2 and/or TLR4 in a sample from said subject; 
and

2. b) comparing said expression level with a reference value
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wherein if the expression level of TLR2 and/or TLR4 is higher than said reference value is 
indicative that said subject shows high risk of suffering ectasia following refractive surgery.

BRIEF DESCRIPTION OF THE FIGURES

[0019]

Figure 1: Median [quartiles] of TLR2 expression levels in corneal cells by study groups in
cohort A. A gradual increase in the expression of TLR2 is observed in a corneal ectasia as
keratoconus compared to control subjects: Control < Subclinical keratoconus < keratoconus.

Figure 2: Median [quartiles] of TLR4 expression levels in corneal cells by study groups in
cohort A. A gradual increase in the expression of TLR4 is observed in a corneal ectasia as
keratoconus compared to control subjects: Control < Subclinical keratoconus < keratoconus.

Figure 3: Median [quartiles] of TLR2 expression levels in corneal cells by study groups in 
cohort B. A gradual increase in the expression of TLR2 is observed: Control < Relatives < 
keratoconus. Likewise, keratoconus (KC) patients showed a higher expression of TLR2 in 
corneal cells than pellucid marginal degeneration (PMD) patients.

Figure 4: Median [quartiles] of TLR4 expression levels in corneal cells by study groups in 
cohort B. A gradual increase in the expression of TLR4 is observed: Control < Relatives < 
keratoconus. Likewise, keratoconus (KC) patients showed a higher expression of TLR4 in 
corneal cells than pellucid marginal degeneration (PMD) patients.

Figure 5: Median [quartiles] of TLR4 expression levels in conjunctival cells by study groups in 
cohort B. A gradual increase in the expression of TLR4 is observed: Control < Relatives < 
pellucid marginal degeneration. However, keratoconus (KC) patients showed a similar 
expression of TLR4 in conjunctival cells than pellucid marginal degeneration (PMD) patients.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The inventors of the present invention have discovered that the ectasia process is 
related with the immunity response. In this regard, the inventors have shown that, 
unexpectedly, the expression levels of TLR2 and TLR4 proteins are increased in subjects 
diagnosed with an ectasia such as keratoconus or pellucid marginal degeneration. Moreover, 
the inventors of the present patent application have shown a correlation between increased 
expression level of TLR2 and TLR4 and certain parameters which are associated with 
progression of said disease. Thus, this allows the use of TLR2 and TLR4 not only as diagnostic 
markers of the disease, but also as surrogate markers to predict the risk of onset and 
progression of the disease.
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[0021] Based on these findings, the inventors have developed the methods of the present 
invention in their different embodiments that will be described now in detail.

Method for diagnosing corneal ectasia in a subject

[0022] In a first aspect, the invention relates to an in vitro method for diagnosing an ectatic 
disease of the cornea in a subject, hereinafter, "the first method of the invention", which 
comprises:

1. a) determining the expression level of TLR2 and/or TLR4 in a sample from said subject; 
and

2. b) comparing said expression level with a reference value

wherein, if the expression level of TLR2 and/or TLR4 is higher than said reference value is 
indicative that the subject suffers from an ectatic disease of the cornea.

[0023] The term "diagnosis" as used herein, refers both to the process of attempting to 
determine and/or identify a possible disease in a subject, i.e. the diagnostic procedure, and to 
the opinion reached by this process, i.e. the diagnostic opinion. As such, it can also be 
regarded as an attempt at classification of an individual's condition into separate and distinct 
categories that allow medical decisions about treatment and prognosis to be made. As the 
person skilled in the art will understand, such a diagnosis may not be correct for 100% of the 
subject to diagnose, although preferred it is. The term however requires that can identify a 
statistically significant proportion of subject suffering from such pathologies (in this case, 
corneal ectasia). The skilled in the art may determine whether a party is statistically significant 
using different statistical evaluation tools well known, for example, by determination of 
confidence intervals, the p-value determination, Student's-test, the Mann-Whitney, etc.. 
Preferred confidence intervals are at least, 50%, at least 60%, at least 70%, at least 80%, at 
least 90% or at least 95%. The p-values are preferably, 0.05, 0.025, 0.001 or lower.

[0024] The term "ectatic disease of the cornea" or "corneal ectasia" as used herein, refers to a 
condition which involves the progressive thinning of the corneal thickness, thus affecting the 
structural integrity thereof giving rise to an alteration of the corneal curvature. The weakened 
cornea bulges, and crippling irregular astigmatism starts to develop. Corneal ectasia includes 
keratoconus, (which can be classified in subclinical keratoconus and clinical keratoconus), 
pellucid marginal degeneration, keratoglobus and ectasia post-refractive corneal surgery.

[0025] The curvature of the cornea can be determined by means of corneal topography 
methods such as videokeratography which allows determining several parameters related to 
corneal curvature such:

• K1: determines the curvature power of the flat meridian of the anterior surface of the 
cornea measured within the central 3 mm zone and expressed in diopters (D);
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• K2: determines the curvature power of the steep meridian of the anterior surface of the 
cornea measured within the central 3 mm zone and expressed in diopters (D);

• Kc: determines maximum diopter power of the apex.
• Km: determines the mean curvature power of the anterior surface of the cornea within 

the central 3mm zone expressed in diopters (D);
• Kmax: determines the maximum curvature power of the whole anterior surface of the 

cornea expressed in diopters (D);
• Thinnest location: determines the thickness area and the location of the thinnest point of 

the cornea (μm).
• Posterior corneal elevation (μm).

[0026] Said parameters measured in healthy subjects can be summarized as: K1 (central 
diopters) between 41.8 and 45.3 D; K2 between 42.2 and 45.3 D; posterior elevation between 
0.024-0.036 μm; minimum thickness point between 513.5-567 μm.

[0027] In a particular embodiment, the first method of the invention relates to a method for 
diagnosing an ectatic disease of the cornea, wherein the ectatic disease of the cornea is 
selected from the group consisting of subclinical keratoconus, clinical keratoconus, pellucid 
marginal degeneration and postrefractive corneal ectasia.

[0028] The term "keratoconus" as used herein refers to a progressive disease of the cornea 
causing poor vision, in which the cornea adopts an irregular conical shape due to collagen fiber 
alteration in its internal structure. It is bilateral in most cases and progression is asymmetrical. 
The main anatomical symptom of keratoconus is the thinning in the central or paracentral area, 
i.e., the cornea becomes thinner as keratoconus develops, which leads to vision deterioration 
as keratoconus progresses. Keratoconus can be classified according to the videokeratographic 
guidelines proposed by Rabinowitz & McDonnell, it is possible to classify an eye as "subclinical 
keratoconus" if the simulated central corneal power is greater than 47.2 D but less than 48.7 D, 
with an inferior-superior dioptric asymmetry greater than 1.4 D, but less than 1.9 D. Eyes 
presenting central corneal curvature exceeding 48.7D, as well as inferior-superior dioptric 
asymmetry greater than 1.9 D can be classified as "clinical keratoconus": 2) The distance 
visual acuity (DVA) of the subclinical KC eye with value of 1.0 (without correction or with 
spherical and /or cylindrical compensation < 1.50D).

[0029] The term "pellucid marginal degeneration" or "PMD" as used herein refers to a 
degenerative corneal condition characterized by a clear bilateral thinning in the inferior and 
peripheral region of the cornea although some cases affect only one eye. Unlike keratoconus 
pain is not typically present in pellucid marginal degeneration, and aside from vision loss, no 
symptoms accompany the condition. However, in rare cases, PMD may present with sudden 
onset vision loss and excruciating eye pain, which occurs if the thinning ofthe cornea leads to 
perforation. Normally, PMD does not present with vascularization of the cornea, scarring, or 
any deposits of lipid.
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[0030] The term "keratoglobus" as used herein refers to a degenerative non-inflammatory 
disorder ofthe eye in which structural changes within the cornea cause it to become extremely 
thin and change to a more globular shape than its normal gradual curve. It causes corneal 
thinning, primarily at the margins, resulting in a spherical, slightly enlarged eye.

[0031] The term "ectasia post refractive corneal surgery" as used herein refers te a cenditien 
due te the weakening ef the inner layer ef the cernea which occurs during surgery. It results in 
blurred and distorted vision due to increased myopia and agtismatism.

[0032] The term "TLR2" or "Toll-like receptor 2" as used herein, refers to a protein that in 
humans is encoded by the TLR2 gene. TLR2 has also been designated as CD282 (cluster of 
differentiation 282). TLR2 is one of the toll-like receptors and plays a role in the immune 
system. In particular, the sequence of human TLR2 protein is provided in the NCBI database 
entry NP_003255 (version of 25 May 2014).

[0033] The term "TLR4" or Toll-like receptor 4"as used herein, refers to a protein that in 
humans is encoded by the TLR4 gene. TLR 4 has also been designated as CD284 (cluster of 
differentiation 284). The molecular weight of TLR 4 is approximately 95 kDa. In particular, the 
sequence of human TLR4 protein is provided in the NCBI database entry NP_003257 (version 
of 25 May 2014).

[0034] The term "subject", as used herein, refers to all animals classified as mammals and 
includes, but is not restricted to, domestic and farm animals, primates and humans, e.g., 
human beings, non-human primates, cows, horses, pigs, sheep, goats, dogs, cats, or rodents. 
Preferably, the patient is a male or female human of any age or race.

[0035] In the present invention, the term "sample" er "bielegical sample" means biological 
material iselated frem a subject's eye. The biological sample can contain any biological 
material suitable for detecting the desired biomarker and can comprise cell and/or non-cell 
material of the subject. In a preferred embodiment, the sample is any sample which contains 
cells from the cornea tissue. In another preferred embodiment, the sample is any sample 
which contains cells from the conjunctiva tissue. The sample can be isolated by using any 
conventional method known in the art. Briefly, corneal epithelial cells may be obtained from a 
subject by mechanical debridement using a sterile corneal scraper, by impression cytology or 
by harvesting cells which are suspended tear samples, such as corneal epithelial cells released 
into the tear film by rubbing the eyes and collected with micropipettes using standard 
techniques, or by any other technique known. Where the sample are conjunctive cells from the 
conjunctive tissue, they can be obtained using know sampling techniques such as tissue 
sampled using a micro trephine.

[0036] In a preferred embodiment, the first method of the invention comprises determining the 
expression level of TLR2 in a sample from the subject to be diagnosed.

[0037] In another preferred embodiment, the first method of the invention comprises
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determining the expression level of TLR4 in a sample from the subject to be diagnosed.

[0038] In another preferred embodiment, the first method of the invention comprises 
determining the expression level of TLR2 and TLR4 in a sample from the subject to be 
diagnosed.

[0039] As it is used herein, the term "expression level" refers to the value of a parameter that 
measures the degree of expression of a specific gene or of the corresponding polypeptide. In a 
particular embodiment, said value can be determined by measuring the mRNA level of the 
gene of interest or a fragment thereof or by measuring the amount of protein encoded by said 
gene of interest or a variant thereof. Thus, in the context of the present invention, in a 
particular embodiment, said expression level comprises determining the level of the mRNA 
encoded from the TLR2 and/or TLR4 gene or determining the level of the TLR2 and/or TLR4 
protein.

[0040] Virtually any conventional method for detecting and quantifying the expression level of a 
gene can be used within the framework of the present invention for detecting and quantifying 
the expression level of a specific gene. By way of non-limiting illustration, the expression level 
of a gene can be determined by means of quantifying the mRNA level of said gene or by 
means of quantifying the level of protein encoded by said gene. Methods for determining the 
amount of mRNA are well-known in the state of the art. For example, the nucleic acid 
contained in the sample, such as the eye's sample from the subject under study, is extracted 
according to conventional methods, for example, by means of using lytic enzymes, chemical 
solutions or fixing resins. The extracted mRNA can be detected by hybridization (for example 
by means of Northern blot analysis or DNA or RNA arrays (microarrays) after converting mRNA 
into labeled cDNA) and/or amplification by means of a enzymatic chain reaction. In general, 
quantitative or semi-quantitative enzymatic amplification methods are preferred. The 
polymerase chain reaction (PCR) or quantitative real-time RT-PCR or semi-quantitative RT- 
PCR technique is particularly advantageous. Primer pairs are preferably designed for the 
purpose of superimposing an intron to distinguish cDNA amplification from the contamination 
from genomic DNA (gDNA). Additional primers or probes, which are preferably labeled, for 
example with fluorescence, which hybridize specifically in regions located between two exons, 
are optionally designed for the purpose of distinguishing cDNA amplification from the 
contamination from gDNA. If desired, said primers can be designed such that approximately 
the nucleotides comprised from the 5' end to half the total length of the primer hybridize with 
one of the exons of interest, and approximately the nucleotides comprised from the 3' end to 
half the total length of said primer hybridize with the other exon of interest. Suitable primers 
can be readily designed by a person skilled in the art. Other amplification methods include 
ligase chain reaction (LCR), transcription-mediated amplification (TMA), strand displacement 
amplification (SDA) and nucleic acid sequence based amplification (NASBA). The amount of 
mRNA is preferably measured quantitatively or semi-quantitatively. Relevant information about 
conventional methods for quantifying the expression level of a gene can be found, for example, 
in Sambrook et al., 2001 [Sambrook, J., et al., "Molecular cloning: a Laboratory Manual", 3rd 
ed., Cold Spring Harbor Laboratory Press, N.Y., Vol. 1-3],
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[0041] To normalize the expression values of one gene among different samples, comparing 
the mRNA level of the gene of interest (i.e. TLR2 and/or TLR4) in the samples from the subject 
object of study with a control RNA level is possible. As it is used herein, a "control RNA" is RNA 
of a gene the expression level of which does not differ depending on if the subject suffers from 
an ectatic disease of the cornea or not; a control RNA is preferably an mRNA derived from a 
housekeeping gene encoding a protein that is constitutively expressed and carrying out 
essential cell functions. Illustrative, non-limiting examples of housekeeping genes for use in the 
present invention include GUSB (beta-glucuronidase), PPIA (peptidyl-prolyl isomerase A), β-2- 
microglobulin, GAPDH, PSMB4 (proteasome subunit beta type-4), ubiquitin, transferrin 
receptor, 18-S ribosomal RNA, cyclophilin, tubulin, ß-actin, 3-monooxygenase/tryptophan 5- 
monooxygenase tyrosine activation protein (YWHAZ), etc. If the expression level of TLR2 
and/or TLR4 is determined by measuring the expression level of transcription product (mRNA) 
of said gene in a sample from the subject under study, the sample can be treated to physically 
or mechanically break up the structure of the tissue or cell for the purpose of releasing the 
intracellular components into an aqueous or organic solution to prepare the nucleic acids for 
additional analysis. Care is preferably taken to prevent RNA degradation during the extraction 
process.

[0042] In a particular and preferred embodiment of the invention, the expression level of TLR2 
is determined by means of determining the expression level of the protein encoded by the 
TLR2 gene or a variant thereof, because increased expression of a gene is usually 
accompanied by an increase in the amount of corresponding protein, is also possible. The 
term "variant" as used herein, relates to those variant of human TLR2 which appear naturally 
in other species, i.e. the orthologues of TLR2. Said variants include, without limitation, mouse 
TLR2, which corresponds to the sequence with accession number NP_036035 dated 25 May 
2014 in the NCBI database; pig TLR2, which corresponds to the sequence with accession 
number NP_998926 dated 10 January 2014 in the NCBI database; macaque TLR2, which 
corresponds to the sequence with accession number NP_001123897 dated 2 March 2014 in 
the NCBI database; rat TLR2, which corresponds to the sequence with accession number 
NP_942064 dated 10 August 2014 in the NCBI database.

[0043] In another particular and preferred embodiment of the invention, the expression level of 
TLR4 is determined by means of determining the expression level of the protein encoded by 
the TLR4 gene or a variant thereof. Said variants include, without limitation, mouse TLR4, 
which corresponds to the sequence with accession number NP_067272 dated 4 May 2014 in 
the NCBI database; pig TLR4, which corresponds to the sequence with accession number 
NP_001280245 dated 7 June 2014 in the NCBI database; macaque TLR4, which corresponds 
to the sequence with accession number NP_001032169 dated 26 February 2014 in the NCBI 
database; rat TLR4, which corresponds to the sequence with accession number NP_062051 
dated 10 August 2014 in the NCBI database.

[0044] The natural variants ofTLR2 and/or TLR4 suitable for their use in the present invention 
also derive from said sequence by insertion, substitution or deletion of one or more amino 
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acids and include natural alleles, variants resulting from alternative processing and truncate 
forms which appear naturally. The term "variant" also includes fragments, isoforms and 
analogues or derivatives of TLR2 and /orTLR4. Preferably, variants of TLR2 and/or TLR4 are 
(i) polypeptides in which one or more amino acid residues are substituted by a preserved or 
non-preserved amino acid residue (preferably a preserved amino acid residue) and such 
substituted amino acid may be coded or not by the genetic code, (ii) polypeptides in which 
there is one or more modified amino acid residues, for example, residues modified by 
substituent bonding, (iii) polypeptides resulting from alternative processing of a similar mRNA, 
(iv) polypeptide fragments and/or (iv) polypeptides resulting from TLR2 and/or TLR4 fusion or 
the polypeptide defined in (i) to (iii) with another polypeptide, such as a secretory leader 
sequence or a sequence being used for purification (for example, His tag) or for detection (for 
example, Sv5 epitope tag). The fragments include polypeptides generated through proteolytic 
cut (including multisite proteolysis) of an original sequence. The variants may be post- 
translationally or chemically modified. Such variants are supposed to be apparent to those 
skilled in the art.

[0045] Variants according to the present invention includes amino acid sequences that are at 
least 60%, 65%, 70%, 72%, 74%, 76%, 78%, 80%, 90%, or 95% similar or identical to the 
original amino acid sequence. The degree of identity between two proteins is determined using 
computer algorithms and methods that are widely known for the persons skilled in the art. The 
identity between two amino acid sequences is preferably determined by using the BLASTP 
algorithm [BLASTManual, Altschul, S., et al., NCBI NLM NIH Bethesda, Md. 20894, Altschul, S., 
et al., J. Mol. Biol. 215: 403-410 (1990)].

[0046] The proteins can be post-translationally modified. For example, post-translational 
modifications that fall within the scope ofthe present invention include signal peptide cleavage, 
glycosylation, acetylation, isoprenylation, proteolysis myristoylation, protein folding and 
proteolytic processing, etc. Additionally, the proteins may include unnatural amino acids formed 
by post-translational modification or by introducing unnatural amino acids during translation.

[0047] The determination of the amount of a protein corresponding to the expression of a 
specific gene can be performed using any conventional method for protein detection and 
quantification, for example by means of an immunoassay, etc. By way of non-limiting 
illustration, said determination can be performed using antibodies with the capability to bind 
specifically to the protein to be determined (or fragments thereof with the antigenic 
determinants) and subsequent quantification of the antigen-antibody complex derivatives. The 
antibodies can be, for example, polyclonal sera, hybridoma supernatants or monoclonal 
antibodies, fragments of antibodies, Fv, Fab, Fab' and F(ab')2, scFv, diabodies, triabodies, 

tetrabodies, humanized antibodies, etc. Said antibodies may (or may not) be labeled with a 
marker. Illustrative, non-limiting examples of markers that can be used in the present invention 
include radioactive isotopes, enzymes, fluorophores, chemiluminescent reagents, enzyme 
cofactors, enzyme substrates, enzyme inhibitors, etc. There is a wide range of well-known 
assays that can be used in the present invention, such as, for example, assays based on 
Western-blot or immunoblot techniques, ELISA (enzyme-linked immunosorbent assay), RIA 
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(radioimmunoassay), EIA (enzyme immunoassay), DAS-ELISA (double antibody sandwich 
ELISA), immunocytochemical or immunohistochemical techniques such as flow cytometry, etc. 
Other ways of detecting and quantifying the protein include affinity chromatography, ligand 
binding assay techniques, particle-enhanced turbidimetric immunoassay (PETIA) etc.

[0048] In a particular embodiment, the determination of the expression level of the TLR2 
and/or TLR4 protein is carried out by immunohistochemistry or ELISA or protein array. In a 
preferred embodiment, the expression level of TLR2 and/or TLR4 is determined by flow 
cytometry. Briefly, flow cytometry, is a laser-based biophysical technology which allows 
simultaneous multiparametric analysis of the physical and chemical characteristics of up to 
thousands particles per second. Is based in using fluorescent labels or fluorophores which are 
typically attached to an antibody that recognizes a target feature on or in the cell; they may 
also be attached to a chemical entity with affinity for the cell membrane or another cellular 
structure. Each fluorophore has characteristic peak excitation and emission wavelength, and 
the emission spectra often overlap. Consequently, the combination of labels which can be used 
depends on the wavelength of the lamp(s) or laser(s) used to excite the fluorochromes and on 
the detectors available.

[0049] If desired, to normalize the expression values of one protein, i.e. TLR2 and/or TLR4, 
among different samples, comparing the protein level of the protein of interest in the samples 
from the subject object of study with a control protein level is possible. In one particular 
embodiment, the expression level of TLR2 and/or TLR4 is determined in absolute terms, i.e. by 
providing the concentration of TLR2 and/or TLR4 in a sample. In another particular 
embodiment, the expression level of TLR2 and/or TLR4 is measured relative to total protein 
amount in a sample.

[0050] The second step of the first method of the invention comprises comparing the 
expression level of TLR2 and/or TLR4 obtained in the first step of said method with a reference 
value. The term "reference value" as used herein, refers to a laboratory value used as a 
reference for the values/data obtained from samples obtained from the subjects. The 
reference value (or reference level) can be an absolute value, a relative value, a value which 
has an upper and/or lower limit, a series of values, an average value, a median, a mean value, 
or a value expressed by reference to a control or reference value. A reference value can be 
based on the value obtained from an individual sample, such as, for example, a value obtained 
from a sample from the subject object of study but obtained at a previous point in time. The 
reference value can be based on a high number of samples, such as the values obtained in a 
population of the subjects of the chronological age group coinciding with that of the subject 
object of study or based on a set of inclusion or exclusion samples of the sample to be 
analyzed. The reference value can be based on the expression values of the marker to be 
compared obtained from samples from healthy subjects who do not have a disease state or a 
particular phenotype. For example, the reference value can be based on the expression level 
of the marker to be analyzed obtained from subjects who do not have corneal ectasia, 
preferably from healthy subjects without suffering from any corneal trauma or corneal- 
conjunctival disease or any ocular disease. In a preferred embodiment, the reference value is 
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obtained from a sample or a set of samples from healthy subjects or subjects without prior 
history corneal ectasia.

[0051] The reference value can also be based on the expression values of the marker to be 
compared obtained from samples from subjects having a particular phenotype.

[0052] Once the reference value has been established, the expression level of TLR2 and/or 
TLR4 in the sample from the subject under study is compared with the reference value. As a 
consequence of this comparison, the expression level of the marker of interest (for example, 
TLR2 and/or TLR4 in the first method of the invention) in the sample from the subject can be 
"greater than", "less than" or "equal to" said reference value for said gene. In the context of the 
present invention, it is considered that an expression level of TLR2 and/or TLR4 in the sample 
from the subject is "greater than" or "higher than" the reference value for said marker when the 
expression level of TLR2 and/or TLR4 in the sample from the subject increases, for example, 
5%, 10%, 25%, 50%, 100% or even more when compared with the reference value for said 
gene, or when it increases, for example, at least 1.1-fold, 1.5-fold, 2-fold, 5-fold, 10-fold, 20- 
fold, 30-fold, 40-fold, 50-fold, 60-fold, 70-fold, 80-fold, 90-fold, 100-fold or even more when 
compared with the reference value for said marker. In the context ofthe present invention, it is 
also considered that an expression level of the marker of interest (for example, TLR2 and/or 
TLR4 in the first method of the invention) in the sample from the subject is "less than" the 
reference value for said marker when the expression level ofTLR2 and/or TLR4 in the sample 
from the subject decreases, for example, 5%, 10%, 25%, 50%, 75%, or even 100% when 
compared with the reference value for said marker.

[0053] In the context of the present invention, it is also considered that an expression level of 
the marker of interest (i.e. TLR2 and/or TLR4 in the first method of the invention) in the sample 
from the subject is "equal to" the reference value for said marker when the expression level of 
TLR2 and/or TLR4 is substantially unchanged with respect to the reference value; for example, 
it is considered that the expression level of TLR2 and/or TLR4 in the sample from the subject 
under study is "equal to" the reference value when the levels differ by not more than 0.1%, not 
more than 0.2%, not more than 0.3%, not more than 0.4%, not more than 0.5%, not more than 
0.6%, not more than 0.7%, not more than 0.8%, not more than 0.9%, not more than 1%, not 
more than 2%, not more than 3%, not more than 4%, not more than 5%, or not more than the 
percentage value which is the same as the error associated with the experimental method 
used in the determination.

[0054] Once the comparison is made between the expression level of TLR2 and/or TLR4 in 
the sample from the subject and the reference value for said marker, the first method of the 
invention allows determining if a subject suffers from an ectatic disease of the cornea based on 
if the expression level of TLR2 and/or TLR4 is higher than said reference value.

[0055] In a particular embodiment of the first method of the invention, is aimed at diagnosing a 
subject as suffering from subclinical keratoconus, in which case the reference value 
corresponds to the expression levels of TLR2 and/or TLR4 measured in a sample from a 
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subject from a healthy subject, preferably from subjects who do not have corneal ectasia, 
preferably from healthy subjects without suffering from any corneal trauma or corneal- 
conjunctival disease or any ocular disease. In a preferred embodiment, the reference value is 
obtained from a sample or a set of samples from healthy subjects or subjects without prior 
history corneal ectasia. In this particular embodiment, once the comparison is made between 
the expression level of TLR2 and/or TLR4 in the sample from the subject and the reference 
value for said marker, the first method of the invention allows determining if a subject suffers 
from subclinical keratoconus based on if the expression level of TLR2 and/or TLR4 is higher 
than said reference value. As it is shown in the Examples of the present application, values of 
TLR2 measured by flow cytometry in the conjunctive tissue of healthy subjects are about 213 
(90-295) AUF (Arbitrary Fluorescence Units); values of TLR2 measured by flow cytometry in 
the corneal tissue of healthy subjects are about 185 (113-286) AUF; values of TLR4 measured 
by flow cytometry in the conjunctive tissue of healthy subjects are about 1581 (1281-2265) 
AUF (Arbitrary Fluorescence Units); values of TLR4 measured by flow cytometry in the corneal 
tissue of healthy subjects are about 1654 (1134-2587) AUF. Therefore, if desired, said values 
can be used as the reference value in the second step of the first method of the invention.

[0056] In another particular embodiment, the first method of the invention is aimed at 
diagnosing a subject as suffering from clinical keratoconus, in which case the reference value 
corresponds to the expression levels of TLR2 and/or TLR4 measured in a sample from a 
subject suffering from subclinical keratoconus. In this particular embodiment, once the 
comparison is made between the expression level of TLR2 and/or TLR4 in the sample from the 
subject and the reference value for said marker, the first method of the invention allows 
determining if a subject suffers from clinical keratoconus based on if the expression level of 
TLR2 and/or TLR4 is higher than said reference value. As it is shown in the Examples of the 
present application, values of TLR2 measured by flow cytometry in the conjunctive tissue of 
subjects suffering from subclinical keratoconus are about 207 (124-398) AUF; values of TLR2 
measured by flow cytometry in the corneal tissue of subjects suffering from subclinical 
keratoconus are about 977 (647-1330) AUF; values of TLR4 measured by flow cytometry in 
the conjunctive tissue of subjects suffering from subclinical keratoconus are about 1922 (1574- 
2778) AUF (Arbitrary Fluorescence Units); values of TLR4 measured by flow cytometry in the 
corneal tissue of subjects suffering from subclinical keratoconus are about 2569 (2071-3808) 
AUF. Therefore, if desired, said values can be used as the reference value in the second step 
of the first method of the invention.

[0057] In yet another particular embodiment, the first method of the invention is aimed at 
diagnosing a subject as suffering from pellucid marginal degeneration, in which case the 
reference value corresponds to the expression levels of TLR2 and/or TLR4 measured in a 
sample from a healthy subject. In this particular embodiment, once the comparison is made 
between the expression level of TLR2 and/or TLR4 in the sample from the subject and the 
reference value for said marker, the first method of the invention allows determining if a subject 
suffers from pellucid marginal degeneration based on if the expression level of TLR2 and/or 
TLR4 is higher than said reference value. As it is shown in the Examples of the present 
application, values of TLR2 measured by flow cytometry in the conjunctive tissue of healthy 
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subjects are about 733 (560-946) AUF; values of TLR2 measured by flow cytometry in the 
corneal tissue of healthy subjects are about 580 (413-976) AUF; values of TLR4 measured by 
flow cytometry in the conjunctive tissue of healthy subjects are about 2380 (1781-3283) AUF 
(Arbitrary Fluorescence Units); values of TLR4 measured by flow cytometry in the corneal 
tissue of healthy subjects are about 1572 (949-2353) AUF. Therefore, if desired, said values 
can be used as the reference value in the second step of the first method of the invention. In a 
particular embodiment, the first method of the invention is aimed at diagnosing a subject as 
suffering from pellucid marginal degeneration if the expression level of TLR2 in corneal tissue 
is higher than said reference value.

[0058] In another particular embodiment, the first method of the invention is aimed at 
diagnosing a subject as suffering from pellucid marginal degeneration if the expression level of 
TLR4 in corneal or conjunctival tissue is higher than said reference value, preferably in 
conjunctival tissue.

[0059] In another particular embodiment, the first method of the invention also comprises 
determining at least one parameter selected from: diopters, corneal thickness and corneal 
elevation.

[0060] The term "diopter" as used herein refers to a unit of magnifying power of a lens or lens 
system. Because the power of a lens is proportional to unity (one) divided by the focal length, 
the power of a lens in diopters is numerically equal to 1m divided by the focal length in meters. 
The algebraic signs of the magnifying power indicate whether the lens causes an incident 
pencil of parallel light rays to converge or to diverge. Thus, diverging lens having a focal length 
of 1 m has a power of -1 diopter. The diopter can also be used as a measurement of curvature 
equal to the reciprocal of the radius measured in meters.

Method for determining the risk of developing an ectatic disease of the cornea in a 
subject

[0061] In a second aspect, the invention relates to an in vitro method for determining the risk 
of developing an ectatic disease of the cornea in a subject, hereinafter, "the second method of 
the invention" which comprises:

1. a) determining the expression level of TLR2 and/or TLR4 in a sample from said subject; 
and

2. b) comparing said expression level with a reference value

wherein, if the expression level of TLR2 and/or TLR4 is higher than said reference value is 
indicative that the subject has high risk of developing an ectatic disease of the cornea.

[0062] The expression "determining the risk" or "prediction of the risk", or similar, as used 
herein, is synonymous of the expression "assessing the risk" or "assessment of the risk". 
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means that the present invention makes it possible to predict, estimate or evaluate the risk of a 
subject to developing an ectatic disease of the cornea. The prediction of risk generally implies 
that the risk is either increased or reduced. As it will be understood by those skilled in the art, 
the prediction (or the risk), although preferred to be, need not be correct for 100% of the 
patients suffering ectatic diseases of the cornea to be evaluated. The term, however, requires 
that a statistically significant portion subjects can be identified as having an increased 
probability of having an ectatic disease of the cornea. Whether a subject is statistically 
significant can be determined without further ado by the person skilled in the art by using 
various well known statistic evaluation tools, e.g., determination of confidence intervals, p-value 
determination, Student's t-test, Mann-Whitney test, etc. Details can be found in Dowdy and 
Wearden, Statistics for Research, John Wiley & Sons, New York 1983. Preferred confidence 
intervals are at least 50%, at least 60%, at least 70%, at least 80%, at least 90% at least 95%. 
The p-values are, preferably 0.05, 0.025, 0.001,0.0001 or lower.

[0063] The second method of the invention comprises determining the expression level of 
TLR2 and/or TLR4 in a sample from said subject.

[0064] In a preferred embodiment, the second method ofthe invention comprises determining 
the expression level of TLR2 in a sample from the subject under study.

[0065] In another preferred embodiment, the second method of the invention comprises 
determining the expression level of TLR4 in a sample from the subject under study.

[0066] In another preferred embodiment, the second method of the invention comprises 
determining the expression level of TLR2 and TLR4 in a sample from the subject under study.

[0067] The terms "subject", "sample" and "ectatic disease of the cornea" have been previously 
defined in the context of the first method of the invention and are equally applicable to the 
second method ofthe invention.

[0068] In a particular embodiment, the sample from said subject is selected from conjunctival 
and corneal tissue. Methods for obtaining samples from conjunctival and corneal tissues have 
been detailed in the first method ofthe invention.

[0069] In another particular embodiment, the ectatic disease is selected from subclinical 
keratoconus, clinical keratoconus, pellucid margin degeneration, keratoglobus and ectasia 
post-refractive corneal surgery. The terms "subclinical keratoconus". "clinical keratoconus". 
"pellucid margin degeneration", "keratoglobus" and "ectasia post-refractive corneal surgery" 
have been previeusly defined.

[0070] The terms "TLR2". "TLR4" and "expressinn level" have been previeusly defined. In a 
particular embodiment, said expression level comprises determining the level of mRNA 
encoded from the TLR2 and/or TLR4 gene or determining the level of the TLR2 and/or TLR4 
protein. Methods for determining the expression levels of TLR2 and/or TLR2 have been 
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detailed in the context of the first method of the invention and are equally applicable to the 
second method ofthe invention.

[0071] In a particular embodiment, the determination of the expression level of the TLR2 
and/or TLR4 protein is carried out by immunohistochemistry or ELISA or protein array. In a 
preferred embodiment, the expression level of TLR2 and/or TLR4 is determined by flow 
cytometry.

[0072] The second step of the second method of the invention comprises comparing the 
expression levels of TLR2 and/or TLR4 with a reference value. The term "reference value" has 
been previously defined in the context ofthe first method ofthe invention.

[0073] Once the comparison is made between the expression level of TLR2 and/or TLR4 in 
the sample from the subject under study and the reference value, the second method of the 
invention allows determining if a subject has a high risk of developing an ectatic disease of the 
cornea based on if the expression level of TLR2 and/or TLR4 is higher than said reference 
value. The terms "higher than", "less than" and "equal to" have been previously defined.

[0074] In a particular embodiment, the second method ofthe invention is aimed at determining 
the risk of developing an ectatic disease of the cornea in a subject previously diagnosed as 
having a refractive defect.

[0075] The term "refractive defect" as used herein refers to an error in the focusing of light by 
the eye on the retina. Refractive defects include:

• myopia which refers to a refractive defect in the eye in which parallel rays of light from a 
distance converge at a focal point located in front ofthe retina instead of the retina itself, 
as it normally would;

• astigmatism which refers to an eye defect which is characterized by a different refraction 
between two meridians of the eye, which prevents clearly focusing on objects and is 
generally due to an impairment in the front curvature ofthe cornea;

• hyperopia (or hypermetropia) which is a defect of vision caused by an imperfection of 
the eye (often when the eyeball is too short or the lens cannot become round enough), 
causing difficulty focusing on near objects;

• presbyopia which is a condition associated with aging in which the eye exhibits a 
progressively diminished ability to focus near objects.

[0076] In a preferred embodiment, the subject has been previously diagnosed as having 
subclinical keratoconus (simulated central corneal power is greater than 47.2 D but less than 
48.7 D, with an inferior-superior dioptric asymmetry greater than 1.4 D, but less than 1.9 D).

[0077] In another particular embodiment of the invention, the subject under study has 
developed a previous ocular pathology selected from: ocular itching, eye rubbing,
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biomicroscopic signs and conjunctival hyperemia.

[0078] The term "ocular itching" as used herein refers to ocular pruritus which may be caused 
by atopic keratoconjunctivitis, vernal keratoconjunctivitis allergic conjunctivitis and atopic 
dermatitis among others. Other causes include dry eye syndrome, meibomian gland 
dysfunction, blepharithis, contact-lens induced conjunctivitis, giant papillary conjunctivitis and 
contact dermatoblepharithis.

[0079] The term "biomicroscopic signs" as used herein, refers to abnormalities in the areas at 
the front of the eye, including the eyelids, conjunctiva, iris, lens, sclera, and cornea. The retina 
and optic nerve can also be seen.

[0080] The term "conjunctival hyperemia" as used herein refers te an engergement ef the 
bleed vessels in the cenjunctiva due te an inflammation reaction.

Method for determining the clinical outcome of a subject suffering from an ectatic 
disease of the cornea

[0081] In a third aspect, the invention relates to an in vitro method for determining the clinical 
outcome of a subject suffering from an ectatic disease of the cornea, hereinafter, "the third 
method of the invention" which comprises:

1. a) determining the expression level of TLR2 and/or TLR4 in a sample from said subject; 
and

2. b) comparing said expression level with a reference value

wherein, if the expression level of TLR2 and/or TLR4 is higher than said reference value is 
indicative of a negative clinical outcome.

[0082] The term "determining the outcome" or "predicting the outcome", is used herein to refer 
to the likelihood that a patient will have a particular clinical outcome, whether positive or 
negative. The predictive methods of the present invention can be used clinically to make 
treatment decisions by choosing the most appropriate treatment modalities for any particular 
patient. The predictive methods of the present invention are valuable tools in predicting if a 
patient is likely to respond favorably to a treatment regimen, such as refractive surgery. The 
prediction may include prognostic factors.

[0083] As will be understood by those skilled in the art, the prediction, although preferred to 
be, need not be correct for 100% of the subjects to be evaluated. The term, however, requires 
that a statistically significant portion of subjects can be identified as having an increased 
probability of having a given outcome. Whether a subject is statistically significant can be 
determined without further ado by the person skilled in the art using various well known statistic 
evaluation tools, e.g., determination of confidence intervals, p-value determination, cross­
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validated classification rates and the like etc. Details are found in Dowdy and Wearden, 
Statistics for Research, John Wiley & Sons, New York 1983. Preferred confidence intervals are 
at least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least 95%. The p- 
values are, preferably, 0.01,0,005 or lower.

[0084] The third method of the invention comprises determining the expression level of TLR2 
and/or TLR4 in a sample from said subject.

[0085] In a preferred embodiment, the third method of the invention comprises determining the 
expression level of TLR2 in a sample from the subject under study.

[0086] In another preferred embodiment, the third method of the invention comprises 
determining the expression level of TLR4 in a sample from the subject under study.

[0087] In another preferred embodiment, the third method of the invention comprises 
determining the expression level of TLR2 and TLR4 in a sample from the subject under study.

[0088] The first step of the third method of the invention comprises determining the expression 
levels of TLR2 and/or TLR4 in a sample for the subject under study.

[0089] The terms "subject", "sample" and "ectatic disease of the cornea" have been previously 
defined in the context of the first method of the invention and are equally applicable to the third 
method of the invention.

[0090] In a particular embodiment, the sample from said subject is selected from conjunctival 
and corneal tissue. Methods for obtaining samples from conjunctival and corneal tissues have 
been detailed in the first method of the invention.

[0091] In another particular embodiment, the ectatic disease is selected from subclinical 
keratoconus, clinical keratoconus, pellucid margin degeneration, keratoglobus and ectasia post 
refractive corneal surgery. The terms "subclinical keratoconus". "clinical keratoconus". "pellucid 
margin degeneration", "keratoglobus" and "ectasia post refractive corneal surgery" have been 
previously defined.

[0092] The terms "TLR2". "TLR4" and "expression level" have been previously defined. In a 
particular embodiment, said expression level comprises determining the level of mRNA 
encoded from the TLR2 and/or TLR4 gene or determining the level of the TLR2 and/or TLR4 
protein. Methods for determining the expression levels of TLR2 and/or TLR2 have been 
detailed in the context of the first method of the invention and are equally applicable to the third 
method of the invention.

[0093] In a particular embodiment, the determination of the expression level of the TLR2 
and/or TLR4 protein is carried out by immunohistochemistry or ELISA or protein array. In a 
preferred embodiment, the expression level of TLR2 and/or TLR4 is determined by flow
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cytometry.

[0094] The second step of the third method of the invention comprises comparing the 
expression levels of TLR2 and/or TLR4 with a reference value. The term "reference value" has 
been previously defined. In a particular embodiment, said reference value is obtained from a 
sample or a set of samples from healthy subjects or subjects without prior history corneal 
ectasia.

[0095] In another particular embodiment, said reference value refers to the TLR2 and/or TLR4 
expression levels in a sample from said subject obtained at earlier point of time. Thus, 
according to the third method of the invention, the expression levels of TLR2 and/or TLR4 
determined in a sample from a subject suffering from an ectatic disease of the cornea obtained 
at first time are compared with the expression levels of TLR2 and/or TLR4 determined in a 
sample from a subject suffering from an ectatic disease of the cornea obtained at a second 
period of time. The second subjects sample can be taken at any time after the first period of 
time, e.g., one day, one week, one month, two months, three months, six months 1 year, 2 
years, 5 years, 10 years or more after the first subject sample.

[0096] Lastly, the subject is then classified as having a negative outcome if the expression 
level of TLR2 and/or TLR4 is higher than said expression levels in the reference sample.

[0097] The term "positive outcome" in relation to ectatic disease of the cornea means that the 
degeneration of the cornea does not advance. Said term also encompass a decrease in the 
cornea degeneration rate.

[0098] The term "negative outcome" in relation to ectatic disease of the cornea means that the 
degeneration of the cornea progresses.

Method for selecting a subject to be treated with a therapy for an ectatic disease of the 
cornea

[0099] In a fourth aspect, the invention relates to an in vitro method for selecting a subject to 
be treated with a therapy for an ectatic disease of the cornea, hereinafter, "the fourth method 
of the invention" which comprises:

1. a) determining the expression level of TLR2 and/or TLR4 in a sample from said subject; 
and

2. b) comparing said expression level with a reference value

wherein, if the expression level of TLR2 and/or TLR4 is higher than said reference value is 
indicative that said subject is candidate to be treated with a therapy for an ectatic disease of 
the cornea.
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[0100] The term "selecting a subject for a therapy", as used herein, relates to the identification 
of a subject for a therapy designed to cure a disease or palliate the symptoms associated with 
one or more diseases or conditions. In the particular case of ectatic disease of the corneal 
therapy, it is understood any therapy which abolishes, retards or reduces the symptoms 
associated with corneal ectasia. Adequate therapies which can be used according to the 
invention to treat ectatic diseases ofthe cornea include corneal crosslinking, intracorneal rings 
and refractive surgery.

[0101] Corneal crosslinking is a technique which uses ultraviolet light or light in the blue 
spectrum and a photosensiziter to strengthen chemical bonds in the cornea and thereby 
increase the corneal stiffness.

[0102] Intrastromal corneal rings or intracorneal rings are small devices implanted in the eye to 
correct vision. Atypical vision correction using corneal rings would involve an ophthalmologist 
making a small incision in the cornea of the eye and inserting two crescent or semi-circular 
shaped rings segments between the layers of the corneal stroma, one on each side of the 
pupil. The embedding of the rings in the cornea has the effect of flattening the cornea and 
changing the refraction of light passing through the cornea on its way into the eye.

[0103] The refractive eye surgery is used to improve the refractive state of the eye and 
decrease or eliminate dependency on glasses or contact lenses. This can include various 
methods of surgical remodeling of the cornea. The most common methods today, such as 
Automated Lamellar Keratoplasty (ALK), Laser-assisted in situ Keratomileusis (LASIK) or 
ReLEx, use excimer lasers to reshape the curvature ofthe cornea.

[0104] The fourth method ofthe invention comprises determining the expression level of TLR2 
and/or TLR4 in a sample from said subject.

[0105] In a preferred embodiment, the fourth method ofthe invention comprises determining 
the expression level of TLR2 in a sample from the subject under study.

[0106] In another preferred embodiment, the fourth method of the invention comprises 
determining the expression level of TLR4 in a sample from the subject under study.

[0107] In another preferred embodiment, the fourth method of the invention comprises 
determining the expression level of TLR2 and TLR4 in a sample from the subject under study.

[0108] The first step of the fourth method of the invention comprises determining the 
expression levels of TLR2 and/or TLR4 in a sample for the subject under study.

[0109] The terms "subject", "sample" and "ectatic disease of the cornea" have been previously 
defined in the context of the first method of the invention and are equally applicable to the 
fourth method ofthe invention.
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[0110] In a particular embodiment, the sample from said subject is selected from conjunctival 
and corneal tissue. Methods for obtaining samples from conjunctival and corneal tissues have 
been detailed in the first method of the invention.

[0111] In another particular embodiment, the ectatic disease is selected from subclinical 
keratoconus, clinical keratoconus, pellucid margin degeneration, keratoglobus and ectasia post 
refractive corneal surgery. The terms "subclinical keratoconus". "clinical keratoconus". "pellucid 
margin degeneration", "keratoglobus" and "ectasia post refractive corneal surgery" have been 
previously defined.

[0112] The terms "TLR2". "TLR4" and "expression level" have been previously defined. In a 
particular embodiment, said expression level comprises determining the level of mRNA 
encoded from the TLR2 and/or TLR4 gene or determining the level of the TLR2 and/or TLR4 
protein. Methods for determining the expression levels of TLR2 and/or TLR2 have been 
detailed in the context of the first method of the invention and are equally applicable to the third 
method of the invention.

[0113] In a particular embodiment, the determination of the expression level of the TLR2 
and/or TLR4 protein is carried out by immunohistochemistry or ELISA or protein array. In a 
preferred embodiment, the expression level of TLR2 and/or TLR4 is determined by flow 
cytometry.

[0114] The second step of the fourth method of the invention comprises comparing the 
expression levels of TLR2 and/or TLR4 with a reference value. The term "reference value" has 
been previously defined. In a particular embodiment, said reference value is obtained from a 
sample or a set of samples from healthy subjects or subjects without prior history corneal 
ectasia.

[0115] Once the comparison is made between the expression level of TLR2 and/or TLR4 in 
the sample from the subject under study and the reference value, the fourth method of the 
invention allows selecting a subject to be treated with a therapy for an ectatic disease of the 
cornea based on if the expression level of TLR2 and/or TLR4 is higher than said reference 
value. The terms "higher than", "less than" and "equal to" have been previously defined.

Method for selecting a refractive surgery as therapy for a subject suffering from a 
refractive defect

[0116] It is also disclosed an in vitro method for determining whether a subject suffering from a 
refractive defect is a candidate for a refractive surgery therapy which comprises:

1. a) determining the expression level of TLR2 and/or TLR4 in a sample from said subject; 
and

2. b) comparing said expression level with a reference value
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wherein if the expression level of TLR2 and/or TLR4 is higher than said reference value is 
indicative that said subject is not candidate to be treated with a refractive surgery for said 
refractive defect.

[0117] Preferably, this method comprises determining the expression level of TLR2 and TLR4 
in a sample from the subject under study.

[0118] The term "refractive surgery" as used herein refers to any eye surgery used to improve 
the refractive state ofthe eye based on remodeling the curvature ofthe cornea.

[0119] The first step of this method comprises determining the expression levels of TLR2 
and/or TLR4 in a sample for the subject under study.

[0120] The terms "subject", "sample" and "refractive defect" have been previously defined in 
the context ofthe first method ofthe invention and are equally applicable to this method.

[0121] Particularly, the sample from said subject is selected from conjunctival and corneal 
tissue. Methods for obtaining samples from conjunctival and corneal tissues have been 
detailed in the first method ofthe invention.

[0122] Particularly, the determination of the expression level ofthe TLR2 and/or TLR4 protein 
is carried out by immunohistochemistry or ELISA or protein array. Preferably, the expression 
level of TLR2 and/or TLR4 is determined by flow cytometry.

[0123] The second step of this method comprises comparing the expression levels of TLR2 
and/or TLR4 with a reference value. The term "reference value" has been previously defined.

[0124] Once the comparison is made between the expression level of TLR2 and/or TLR4 in 
the sample from the subject under study and the reference value, this method allows selecting 
a subject to be treated with a therapy for an ectatic disease of the cornea based on if the 
expression level of TLR2 and/or TLR4 is higher than said reference value. The terms "higher 
than", "less than" and "equal to" have been previously defined.

Uses of the invention

[0125] In a sixth aspect, the invention relates to the use of TLR2 and/or TLR4 as a marker for 
determining the diagnosis of an ectatic disease ofthe cornea.

[0126] In a seventh aspect, the invention relates to the use of TLR2 and/or TLR4 as a marker 
for determining the risk of developing an ectatic disease of the cornea in a subject.

[0127] In an eight aspect, the invention relates to the use of TLR2 and/or TLR4 as a marker 
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for determining the clinical outcome of a subject suffering from an ectatic disease of the 
cornea.

[0128] Finally, the invention relates to the use of TLR2 and/or TLR4 as a marker for selecting a 
subject to be treated with a therapy for an ectatic disease of the cornea.

[0129] The terms "TLR2". "TLR4". "diagnosis", "determining the risk", "determining the clinical 
outcome", "selecting a subject to be treated with therapy", "ectatic disease of the cornea" and 
their particulars and preferred embodiments have been previously defined in defined in the 
context of the first, second, third and fourth method ofthe invention and are equally applicable 
to the uses ofthe invention.

Method for determining the risk that a patient suffers ectasia following refractive 
surgery

[0130] In ancther aspect, the invention relates to an in vitro method for determining the risk 
that a patient suffers ectasia following refractive surgery which comprises:

1. a) determining the expression level of TLR2 and/or TLR4 in a sample from said subject; 
and

2. b) comparing said expression level with a reference value

wherein if the expression level of TLR2 and/or TLR4 is higher than said reference value is 
indicative that said subject shows high risk of suffering ectasia following refractive surgery.

[0131] In a preferred embodiment, the method of the invention comprises determining the 
expression level of TLR2 and TLR4 in a sample from the subject under study.

[0132] The term "refractive surgery" as used herein refers to any eye surgery used to improve 
the refractive state ofthe eye based on remodeling the curvature ofthe cornea.

[0133] The first step ofthe fifth method ofthe invention comprises determining the expression 
levels of TLR2 and/or TLR4 in a sample for the subject under study.

[0134] The terms "subject", "sample" and "refractive defect" have been previously defined in 
the context of the first method of the invention and are equally applicable to the fifth method of 
the invention.

[0135] In a particular embodiment, the sample from said subject is selected from conjunctival 
and corneal tissue. Methods for obtaining samples from conjunctival and corneal tissues have 
been detailed in the first method ofthe invention.

[0136] In a particular embodiment, the determination of the expression level of the TLR2 
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and/or TLR4 protein is carried out by immunohistochemistry or ELISA or protein array. In a 
preferred embodiment, the expression level of TLR2 and/or TLR4 is determined by flow 
cytometry.

[0137] The second step of the fifth method of the invention comprises comparing the 
expression levels of TLR2 and/or TLR4 with a reference value. The term "reference value" has 
been previously defined.

[0138] Once the comparison is made between the expression level of TLR2 and/or TLR4 in 
the sample from the subject under study and the reference value, the fourth method of the 
invention allows selecting a subject to be treated with a therapy for an ectatic disease of the 
cornea based on if the expression level of TLR2 and/or TLR4 is higher than said reference 
value. The terms "higher than", "less than" and "equal to" have been previously defined.

[0139] The following example is provided as merely illustrative and is not to be construed as 
limiting the scope ofthe invention.

EXAMPLES

Materials and Methods

[0140] We have included 2 different cohorts of patients:

1. 1) In a cohort A we have included unilateral KC patients and control subjects in order to 
test whether TLR2 and TLR4 expression in cells of the corneal epithelium and bulbar 
conjunctiva of patients with pathological or clinical KC is greater than in subclinical KC, 
and higher than in samples from control subjects.

2. 2) In a cohort B we have included bilateral KC patients, relatives of patients, PMD 
patients and control subjects in order to test whether TLR2 and TLR4 expression in cells 
of the corneal epithelium and bulbar conjunctiva of patients with pathological or clinical 
KC is greater than in their relatives, and higher than in samples from control subjects. 
Likewise, we tested whether TLR2 and TLR4 expression in cells of the corneal 
epithelium and bulbar conjunctiva of PMD patients is greater than in control subjects.

Patients and control subjects in cohort A

[0141] We have designed a prospective, cross sectional study in which 50 unilateral KC 
patients (50 KC and 50 subclinical KC eyes) and 19 control subjects (38 eyes) were enrolled. 
Unilateral KC patients (64% males; mean age, 33.3 ± 9.5 years) were selected from a 
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database of KC patients at Servizo Galego de Sadde, Complexo Hospitalario de Santiago de 
Compostela, Spain. We studied both eyes from each patient or control subject. Patients were 
asked not to wear their contact lenses for a week prior to the study. Control (45.9% males; 
mean age, 28.5 ± 4.7 years) subjects had not previous history of KC or eye rubbing, and no 
topographic alterations. All patients and control subjects were expressly cited for the purposes 
of this study, and all examinations were performed by the same researcher. Data collected 
included gender, age, patient's ocular history, medical history (allergy, eye rubbing), and 
history of KC. This research was carried out in accordance with the Declaration of Helsinki of 
the World Medical Association (2008) and approved by the Ethics Committee of Research at 
Servizo Galego de Saude. Informed consent was obtained from each patient or control subject 
after full explanation ofthe procedures.

[0142] Inclusion criteria were: 1) Asymmetric KC patients (1 KC eye and 1 subclinical KC eye). 
Rabinowitz/McDonnell criterion was used for the KC diagnosis (Rabinowitz Y.S. Keratoconus. 
Surv Ophthalmol. 1998; 42:297-319). According to the videokeratographic guidelines proposed 
by Rabinowitz & McDonnell, it is possible to classify an eye as subclinical keratoconus if the 
simulated central corneal power is greater than 47.2 D but less than 48.7 D, with an inferior­
superior dioptric asymmetry greater than 1.4 D, but less than 1.9 D. Eyes presenting central 
corneal curvature exceeding 48.7D, as well as inferior-superior dioptric asymmetry greater 
than 1.9 D can be classified as "true keratoconus"; 2) The distance visual acuity (DVA) of the 
subclinical KC eye with value of 1.0 (without correction or with spherical and /or cylindrical 
compensation < 1.50D).

[0143] Exclusion criteria included: 1) Previous surgical intervention in the anterior segment, or 
childhood corneal trauma or corneal-conjunctival disease; 2) Existence of active or systemic 
inflammation, or ocular disease, or current treatment with systemic or local anti-inflammatory 
drugs; 3) Hepatic, renal, hematologic, and immunologic diseases, disorders of thyroid function, 
uncontrolled diabetes, infections in the days preceding to the sample collection and solid 
tumors; as they may interfere with the results of the study of molecular markers of innate 
immunity.

Patients and control subjects in cohort B

[0144] We have designed a prospective, cross sectional study in which 53 bilateral KC patients 
(106 KC eyes), 24 relatives (48 eyes), 13 PMD patients (26 eyes) and 34 control subjects (68 
eyes) were enrolled. Bilateral KC patients (56 % males; mean age, 33.3 ± 8.4 years) and PMD 
patients (69 % males; mean age, 47.7 ± 8.9 years) were selected from a database of ectatic 
corneal patients at Servizo Galego de Saude, Complexo Hospitalario de Santiago de 
Compostela, Spain. Relatives (52 % males; mean age, 26.7 ± 9.9 years) subjects had family 
history of KC, but no topographic alterations. Control subjects (41% males; mean age, 30.5 ± 
9.6 years) had not family history of KC or eye rubbing, and no topographic alterations. We 
studied both eyes from each KC or PMD patient, relative or control subject. Patients, relatives 
and control subjects were asked not to wear their contact lenses for a week prior to the study.
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All patients and control subjects were expressly cited for the purposes of this study, and the 
same researcher performed all examinations. Data collected included gender, age, patient's 
ocular history, medical history (allergy, eye rubbing), and family history of KC. This research 
was carried out in accordance with the Declaration of Helsinki ofthe World Medical Association 
(2008) and approved by the Ethics Committee of Research at Servizo Galego de SaOde. 
Informed consent was obtained from each patient or control subject after full explanation of the 
procedures.

[0145] Inclusion criteria were: 1) Bilateral KC patients (2 KC eyes). Rabinowitz/McDonnell 
criterion was used for the KC diagnosis (Rabinowitz Y.S. Keratoconus. Surv Ophthalmol. 1998; 
42:297-319). According to the videokeratographic guidelines proposed by Rabinowitz & 
McDonnell, it is possible to classify an eye as subclinical keratoconus if the simulated central 
corneal power is greater than 47.2 D but less than 48.7 D, with an inferior-superior dioptric 
asymmetry greater than 1.4 D, but less than 1.9 D. Eyes presenting central corneal curvature 
exceeding 48.7D, as well as inferior-superior dioptric asymmetry greater than 1.9 D can be 
classified as "true keratoconus"; 2) The distance visual acuity (DVA) of the subclinical KC eye 
with value of 1.0 (without correction or with spherical and /or cylindrical compensation < 
1.50D). 2) PMD patients (2 KC eyes). PMD was considered when we identified a marked 
central corneal flattening along the vertical axis with severe against-the-rule astigmatism and 
marked steepening ofthe inferior peripheral cornea and typically shows a crab-claw pattern. 3) 
Relatives: first-degree relative of patients with ectatic disorders (PMD or KC) but without 
topographic alterations.

[0146] Exclusion criteria included: 1) Previous surgical intervention in the anterior segment, or 
childhood corneal trauma or corneal-conjunctival disease; 2) Existence of active or systemic 
inflammation, or ocular disease, or current treatment with systemic or local anti-inflammatory 
drugs; 3) Hepatic, renal, hematologic, and immunologic diseases, disorders of thyroid function, 
uncontrolled diabetes, infections in the days preceding to the sample collection and solid 
tumors; as they may interfere with the results of the study of molecular markers of innate 
immunity.

Clinical variables

[0147]

• Epidemiological variables: age, gender, KC year of diagnosis, personal and family 
history,

• Therapeutic variables: antihistamines, systemic or local anti-inflammatory or antibiotic.
• Variables associated to KC: ocular itching and its intensity, eye rubbing and its intensity, 

AVL and AVP with and without optical correction, biomicroscopical signs, conjunctival 
hyperemia scale, Schirmer test, contact lens wear.

• Topographic variables: PDC (simK), K max, K min, K1, K2, Ka, Dk, MPD and distance to 
the center. Classification of Krumeich and Classification of CLEK for the KC grade.
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Elevation and aberrometric values.

Study groups

[0148] For comparative analysis, we have defined the following groups:

Cohort A:

Group 1: controls without topographical alterations.

Group 2: subclinical KC.

Group 3: KC.

Cohort B:

Group 1: controls without topographical alterations.

Group 2: Bilateral KC.

Group 3: PMD.

Group 4: relatives without topographical alterations.

[0149] These groups were established in order to determine the predictive value of TLRs as a 
biomarker of risk for onset or progression of KC or PMD.

Instrumental

[0150] Basic examination instruments were a Topcon biomicroscope, Topcon refraction 
column, and alphabetic Snellen visual acuity test. As specific examination instruments we used 
a TOPCON CA-100 System (Topcon Medical Systems, Inc., NJ, USA), and an Orbscan II 
corneal topographer (Orbtek, Utah, USA).

Procedure

[0151] Our protocol collected the following information: elapsed time from diagnosis of KC in 
the first eye, laterality, itching and rubbing, family history of KC and allergies.

[0152] After obtaining the best correction, the biomicroscopy exam was performed to detect 
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signs of KC. The corneal topography study was performed using the TOPCON and the 
Orbscan topographers. Five quantitative topographic parameters were analyzed: simulated 
keratometry (K) readings, posterior elevation and the thinnest point pachymetry of the cornea.

TLR2 and TLR4 expression analysis

[0153] TLR2 and 4 expression analyses were performed by flow cytometry in conjunctival and 
corneal cells, withdrawn from all control subjects and subclinical KC patients by means of a 
PVA foam surgical spear (SOFT CELL®, OASIS®, CA, USA). For the expression analysis of 
TLR2 and TLR4, conjunctival and corneal cells were separated by their forward and side 
scattering signal characteristics. FITC-TLR2 antibody (IMMUNOSTEP, Salamanca, Spain) and 
PE-TLR4 antibody (IMMUNOSTEP, Salamanca, Spain) were used to quantify TLR expression. 
Samples were analyzed on a FACSAria flow cytometer (BD Biosciences, NJ, USA). Cell 
fluorescence was measured immediately after staining, and data were analyzed with the use of 
FACSDiva software (BD Biosciences, NJ, USA). For cohort A, mean expression of TLR2 and 
TLR4 in conjunctival (1250 events) and corneal cells (500 events) was analyzed and 
expressed as AFU (arbitrary fluorescence units). For cohort B, mean expression of TLR2 and 
TLR4 in conjunctival (2000 events) and corneal cells (1000 events) was analyzed and 
expressed as AFU (arbitrary fluorescence units).

Statistical analysis

[0154] The results were expressed as percentages for categorical variables and as mean (SD) 
or median [quartiles] for the continuous variables depending on their normal distribution or not, 
respectively. The Kolmogorov-Smirnov test was used for testing the normality of the 
distribution. Proportions were compared using the chi-square test, while the continuous 
variables between groups were compared with the Student's t-(variables with normal 
distribution) or the Mann-Whitney (variables with non-normal distribution) tests. ANOVA was 
used to analyze the relationship between study groups and TLR2 and TLR4 in corneal and 
conjunctival cells. Receiver operating characteristic (ROC) curves were configured to establish 
cut-off points of TLR2 and TLR4 in corneal and conjunctival cells that optimally predicted risk of 
appearance or progression of KC or PMD. A value of p < 0.05 was considered to be statistically 
significant. The statistical analysis was conducted using SPSS 16.0 for Mac.

EXAMPLE 1

Clinical Features for cohort A

[0155] No gender-related statistical differences were detected between the study groups, 
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however patients with KC were older and sowed more frequent history of KC (Table 1). The 
elapsed time from the first diagnosis of KC eye ranged from 1 to 30 years (mean, 8.3 ± 6.2 
years). Twenty-three KC patients (46%) and 19 control subjects (51.4%) reported allergy 
disease and 15 KC patients (30%) a family history of KC. Thirteen control subjects (35.1%) and 
31 patients (62 %) reported itchy eyes. For patients who reported itchy eyes, 71% admitted 
frequent and vigorous eye rubbing on the KC eye. Thirteen control subjects (35.1%) also 
reported eye rubbing.

[0156] Table 1 shows the mean K2 values for all study groups. Mean K2 was higher in the KC 
eye versus the other study groups (p<0.0001).

DESCRIPTIVE STUDY

[0157]
Table 1: Baseline clinical characteristics and TLR conjunctival and corneal cell 
expression in study groups of cohort A. Values are expressed in median [quartiles], KC: 
Keratoconus; TLR2: Toll-Like Receptor 2); TLR4: Toll-Like Receptor 4); AFU: Arbitrary 
Fluorescence Unit

Variable Control Subclinical 
KC KC p value

Age (years) 28.5 ±4.7 33.3 ±9.5 33.3 ±9.5 0.029
Gender (% males) 45.9 64.0 64.0 0.538
History of KC (%) 0 30.0 30.0 0.002

Central K (diopters) 43.4 [41.8-
45.3]

43.6 [42.3 -
44.7]

48.1 [45.1 -
52.1] <0.0001

Minimum thickness 
point (μm)

552.0 [513.5-
567.0]

519.0 [487.5
- 546.0]

480.0 [417.0
- 502.0] <0.0001

Posterior elevation 
(μm)

0.038 [0.024 -
0.036]

0.036 [0.029
- 0.047]

0.089 [0.062
-0.122] <0.0001

K2 (diopters) 43.7 [42.3-
45.3]

44.0 [43.0 -
44.8]

48.0 [46.4-
50.5] <0.0001

TLR2 conjunctiva 
(AFU) 213 [90-295] 207 [124 -

398]
422 [178-

1065] <0.0001

TLR4 conjunctiva 
(AFU)

1581 [1281 
-2265]

1922 [1574-
2778]

2377 [1817 -
3032] <0.0001

TLR2 cornea (AFU) 185 [113-286] 977 [647 -
1330]

2569 [2071 -
3808] <0.0001

TLR4 cornea (AFU) 1654 [1134-
2587]

2569 [2071 -
3808]

4125 [3233-
5076] <0.0001
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TLR2 and TLR4 expression in corneal and conjunctival cells for cohort A

[0158] Levels of TLR2 and TLR4 expression in KC, subclinical KC and control groups in both 
corneal and conjunctival cells are also shown in table 1. TLR2 and TLR4 expression in both 
corneal and conjunctival cells was higher in the KC groups. Moreover, the higher the 
expression of TLR2 and TLR4 was the higher the progression of KC (table 1). However, the 
main difference of TLR expression from the control groups to subclinical KC and KC groups 
was found for the expression of TLR2 and TLR4 in corneal cells. Therefore, predictive 
analyses were focused exclusively on the expression of TLR2 and TLR4 in corneal cells.

Predictive value of TLR2 and TLR4 expression in corneal cells for risk of onset and 
progress to KC for cohort A

[0159] According to the ROC analysis, TLR2 expression in corneal epithelial cells may predict 
with high sensitivity and specificity the probability of KC (both subclinical KC and KC) compared 
to the controls (area under the curve 0.995, 95%CI: 0.987-1.000; p<0.0001). Likewise, TLR2 
expression in corneal cells is also useful for predicting with high sensitivity and specificity the 
probability of subclinical KC compared to the controls (area under the curve 0.989, 95%CI: 
0.975-1.000; p<0.0001). Finally, corneal TLR2 expression also predict with the high sensitivity 
and specificity the probability of no subclinical KC compared to the KC (area under the curve 
0.893, 95%CI: 0.834-0.953; p<0.0001). In summary, table 2 shows the sensitivity and 
specificity for the utility of several cut-off points for TLR2 expression in corneal cells for 
detecting the risk of onset and progression of KC.
Table 2: Sensitivity and specificity values for the utility of TLR2 expression in corneal 
cells for detecting the risk of onset of progression of KC for cohort A.

Control vs. KC patients (Subclinical KC + KC)
TLR2 expression (AFU) SENSITIVITY SPECIFICITY

< 330 AFU 99% 84%
330 - 660 AFU 89 - 98 % 85 - 99 %
> 660 AFU 88 % 100 %

Control vs. Subclinical KC
TLR2 expression (AFU) SENSITIVITY SPECIFICITY

< 330 AFU 98% 84%
330 - 660 AFU 75 - 97 % 85 - 99 %
> 660 AFU 74% 100 %

Subclinical KC vs. KC
TLR2 expression (AFU) SENSITIVITY SPECIFICITY

< 330 AFU 100 % 2%
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Subclinical KC vs. KC
TLR2 expression (AFU) SENSITIVITY SPECIFICITY

660-1500 AFU 69 - 99 % 27-87 %
> 1500 AFU 68% 88 %

[0160] On the other hand, according to the ROC analysis, TLR4 expression in corneal 
epithelial cells may also predict with high sensitivity and specificity the probability of KC (both 
subclinical KC and KC) compared to the controls (area under the curve 0.846, 95%CI: 0.776- 
0.915; p<0.0001). Likewise, TLR4 expression in corneal cells is also useful for predicting with 
high sensitivity and specificity the probability of subclinical KC compared to the controls (area 
under the curve 0.756, 95%CI: 0.653-0.860; p<0.0001). Finally, corneal TLR4 expression also 
predict with the high sensitivity and specificity the probability of no subclinical KC compared to 
the KC (area under the curve 0.767, 95%CI: 0.673-0.860; p<0.0001). Table 3 shows the 
sensitivity and specificity for the utility of several cut-off points for TLR4 expression in corneal 
cells for detecting the risk of onset of progression of KC.

[0161] In conclusion, TLR2 expression in corneal cells showed higher predictive value for 
detecting the risk of onset and progression of KC than the expression of TLR4.
Table 3 Sensitivity and specificity values for the utility of TLR4 expression in corneal
cells for detecting the risk of onset of progression of KC for cohort A.

Control vs. KC patients (Subclinical KC + KC)
TLR4 expression (AFU) SENSITIVITY SPECIFICITY

< 1500 AFU 94% 46%
1500-4000 AFU 36 - 93 % 45 - 96 %
> 4000 AFU 35 % 97 %

Control vs. Subclinical KC
TLR4 expression (AFU) SENSITIVITY SPECIFICITY

< 1500 AFU 88 % 46 %
1500-4000 AFU 23 - 87 % 45 - 96 %
> 4000 AFU 22 % 97%

Subclinical KC vs. KC
TLR4 expression (AFU) SENSITIVITY SPECIFICITY

< 1500 AFU 100 % 22 %
> 4000 AFU 520 % 80 %
> 5000 AFU 28 % 90 %



DK/EP 3259599 T3

Correlation between TLR2 and TLR4 expression in comeal cells and clinical parameters 
of KC progression (K2 and Kc) for cohort A

[0162] The expression levels of TLR2 and TLR4 were analyzed in cornea cells from clinical 
and subclinical KC patients regarding two quantitative parameters related to the progression of 
keratoconus, namely K2 and Kc. A simpler linear regression analysis was made calculating 
bivariate correlations with Pearson test. The results are expressed as correlation coefficient r:

K2
TLR2; r=0.525; p<0.0001
TLR4; r=0.359; p<0.001

Kc
TLR2; r=0.439; p<0.0001
TLR4; r=0.379; p<0.0001

[0163] These results confirm an association between TLR2 and TLR4 expression in corneal 
cells with the progression and the severity of subclinical and clinical KC.

EXAMPLE 2

Clinical Features for cohort B

[0164] No gender-related statistical differences were detected between the study groups, 
however patients with PMD were older and KC patients showed more frequent history of 
ectatic disorders than control subjects and PMD patients (table 4). Twenty-eight KC patients 
(65%), 6 PMD patients (46%), 9 relatives (39%) and 14 control subjects (41.2%) reported 
allergy disease. Likewise, the 88% of KC patients, 84% of PMD patients, 39% of relatives and 
26% of control subjects reported itchy eyes. For patients who reported itchy eyes, the 76% of 
KC patients, 76% of PMD patients, 35% of relatives and 35% of control subjects admitted 
frequent and vigorous eye rubbing on the KC eye.

[0165] Table 4 shows the median K2, central K, minimum thickness point and posterior 
elevation values for all study groups. Median K2 and central K were higher in the KC eyes 
versus the other study groups (p<0.0001). Likewise, posterior elevation was higher in the KC 
and PMD eyes versus control and relative subjects (p<0.0001). By contrast, the minimum 
thickness point was lower for KC and PMD eyes compared to the other groups (p<0.0001).

DESCRIPTIVE STUDY
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Like Receptor 4; AFU: Arbitrary Fluorescence Units.

[0166]
Table 4 Baseline clinical characteristics and TLR conjunctival and corneal cell 
expression in study groups of cohort B. Values are expressed in median [quartiles], KC: 
Keratoconus; PMD: Pellucid marginal degeneration; TLR2: Toll-Like Receptor 2; TLR4: Toll-

Variable Control PMD KC Relatives p value
Age (years) 30.5 ±9.6 47.7 ±8.9 33.3 ±8.4 26.7 ±9.9 <0.0001 I

Gender (% 
males)

41.2 69.2 55.8 52.2 0.335

History of KC 
(%)

0 7.7 25.6 100 <0.0001

Central K 
(diopters)

44.0 [42.7 -
45.3]

43.5 [41.1 -
45.5]

47.8 [44.2
-51.7]

44.3 [43.7 -
45.0]

<0.0001

Minimum 
thickness point 
(μm)

560.0 
[536.0 - 
582.5]

496.5
[410.8-
544.0]

471.0 
[400.0 - 
509.0]

544.5
[512.5-
573.0]

<0.0001

Posterior 
elevation (μm)

0.029 
[0.021 - 
0.038]

0.085 
[0.049 - 
0.107]

0.087 
[0.056 -
0.117]

0.027
[0.019-
0.037]

<0.0001 I

K2 (diopters) 44.4 [43.0 -
45.8]

45.5 [44.1 -
50.8]

48.6 [45.5 
-51.7]

44.5 [43.7 -
45.2]

<0.0001

TLR2 
conjunctiva 
(AFU)

733 [560 -
946]

815 [669- 
1163]

1184 [943-
1491]

1178 [655-
1441]

<0.0001

TLR4 
conjunctiva 
(AFU)

2380 [1781
- 3283]

4080 [3392 
-4610]

4230 
[3496 - 
5163]

3331 [2702
- 4000]

<0.0001

TLR2 cornea 
(AFU)

580 [413 -
976]

743 [639 -
1106]

1782
[1254 -
3119]

891 [575 -
1316]

<0.0001

TLR4 cornea 
(AFU)

1572 [949-
2353]

2251 [1711
- 2982]

3812 
[2774 - 
5408]

1904 [1466
- 2522]

<0.0001 I

TLR2 and TLR4 expression in corneal and conjunctival cells for cohort B

[0167] Levels of TLR2 and TLR4 expression in KC, PMD, relatives and control groups in both 
corneal and conjunctival cells are also shown in table 4. TLR2 and TLR4 expression in both 
corneal and conjunctival cells was higher in the KC group respect to the other groups.
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Moreover, PMD group also showed higher expression of TLR2 in corneal cells and TLR4 in 
both corneal and especially conjunctival cells than the control group (table 4). Interestingly, 
relatives showed higher expression of TLR2 and TLR4 in both corneal and conjunctival cells 
than control subjects, but this expression is much lower than in patients KC (table 4). However, 
the main difference of TLR expression from the control group to KC group was found for the 
expression of TLR2 and TLR4 in corneal cells. On the other hand, the main difference of TLR 
expression from the control group to PMD group was found for the expression of TLR4 in 
conjunctival cells. Therefore, predictive analyses were focused exclusively on the expression of 
TLR2 and TLR4 in corneal cells for KC, and TLR4 in conjunctival cells for PMD.

Predictive value of TLR2 and TLR4 expression in corneal cells for risk of onset and 
progress to KC for cohort B

[0168] According to the ROC analysis, TLR2 expression in corneal epithelial cells may predict 
with high sensitivity and specificity the probability of KC compared to the controls (area under 
the curve 0.874, 95%CI: 0.815-1.000; p<0.0001). Likewise, TLR2 expression in corneal cells is 
also useful for predicting with high sensitivity and specificity the probability of KC compared to 
relatives (area under the curve 0.802, 95%CI: 0.723-0.882; p<0.0001). In summary, table 5 
shows the sensitivity and specificity for the utility of several cut-off points for TLR2 expression 
in corneal cells for detecting the risk of onset and progression of KC.

[0169] On the other hand, according to the ROC analysis, TLR4 expression in corneal 
epithelial cells may also predict with high sensitivity and specificity the probability of KC 
compared to the controls (area under the curve 0.877, 95%CI: 0.818-0.936; p<0.0001). 
Likewise, TLR4 expression in corneal cells is also useful for predicting with high sensitivity and 
specificity the probability of KC compared to relatives (area under the curve 0.882, 95%CI: 
0.821-0.943; p<0.0001).
Table 5 Sensitivity and specificity values for the utility of TLR2 expression in corneal 
cells for detecting the risk of onset or progression of KC in cohort B.

Control subjects vs. KC patients
TLR2 expression (AFU) SENSITIVITY SPECIFICITY
< 327 AFU 99% 86%
327 -1269 AFU 75 - 98 % 76-91%
> 1269 AFU 89% 92%

Relatives vs. KC patients
TLR2 expression (AFU) SENSITIVITY SPECIFICITY
< 521 AFU 95 % 84%
521- 1352 AFU 71 - 94% 28 - 88 %
> 1352 AFU 71 % 91 %
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[0170] Table 6 shows the sensitivity and specificity for the utility of several cut-off points for 
TLR4 expression in corneal cells for detecting the risk of onset of progression of KC.

[0171] In conclusion, TLR2 and TLR4 expression in corneal cells showed a high predictive 
value for detecting the risk of onset and progression of KC.
Table 6 Sensitivity and specificity values for the utility of TLR4 expression in corneal 
cells for detecting the risk of onset or progression of KC in cohort B.

Control subjects vs. KC patients
TLR4 expression (AFU) SENSITIVITY SPECIFICITY
< 1508 AFU 95 % 53 %
1508-4000 AFU 42 - 94 % 52 - 96 %
> 4000 AFU 41 % 97%

Relatives vs. KC patients
TLR4 expression (AFU) SENSITIVITY SPECIFICITY
< 1697 AFU 95 % 41 %
1697-3794 AFU 51 - 99% 42 - 99%
> 3794 AFU 50% 100 %

Predictive value of TLR4 expression in conjunctival cells for risk of onset and progress 
to PMD for cohort B

[0172] Finally, according to the ROC analysis, TLR4 expression in conjunctival epithelial cells 
may also predict with high sensitivity and specificity the probability of PMD compared to the 
control subjects (area under the curve 0.823, 95%CI: 0.733-0.913; p<0.0001). Table 7 shows 
the sensitivity and specificity for the utility of several cut-off points for TLR4 expression in 
conjunctival cells for detecting the risk of onset of progression of KC.

[0173] In conclusion, TLR4 expression in conjunctival cells showed also high predictive value 
for detecting the risk of onset and progression of PMD.
Table 7 Sensitivity and specificity values for the utility of TLR4 expression in 
conjunctival cells for detecting the risk of onset or progression of PMD in cohort B.

Control subjects vs. PMD patients
TLR4 expression (AFU) SENSITIVITY SPECIFICITY
< 1543 AFU 100% 82%
1543-4500 AFU 31 - 99% 52 - 92 %
> 4500 AFU 31 % 93 %
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Correlation between TLR2 and TLR4 expression in comeal cells and clinical parameters 
of KC progression (K2. Kc and Kmax) for cohort B

[0174] We analyzed the expression levels of TLR2 and TLR4 in corneal cells from KC patients 
regarding three quantitative parameters related to the progression of keratoconus, namely K2, 
Kc and Kmax and made a simpler linear regression analysis calculating bivariate correlations 
with Pearson test. The results are expressed as correlation coefficient (r):

K2
TLR2; r=0.286; p<0.0001
TLR4; r=0.249; p<0.0001

Kc
TLR2; r=0.266; p<0.0001
TLR4; r=0.286; p<0.0001

Kmax
TLR2; r=0.403; p<0.0001
TLR4; r=0.263; p<0.0001

[0175] These results confirm an association between TLR2 and TLR4 expression in corneal 
cells with the progression and the severity of KC.

Correlation between TLR4 expression in conjunctival cells and clinical parameters of 
PMD progression (Kmax) for cohort B

[0176] On the other hand, we also analyzed the expression levels of TLR4 in conjunctival cells 
from PMD patients regarding Kmax, a parameter related to the progression of PMD. We made 
a simpler linear regression analysis calculating bivariate correlations with Pearson test. The 
results are expressed as correlation coefficient (r):
Kmax
TLR4; r=0.327; p<0.0001

[0177] In summary, these results also confirm an association between TLR4 expression in 
conjunctival cells with the progression and the severity of PMD.
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Patentkrav

1. In v/Yro-fremgangsmåde til diagnosticering af en ektatisk lidelse i hornhinden 
hos et individ, som omfatter:
a) at bestemme ekspressionsniveauet af TLR2 og/eller TLR4 i en prøve fra 
individet; og
b) at sammenligne ekspressionsniveauet med en referenceværdi,
hvor det, hvis ekspressionsniveauet af TLR2 og/eller TLR4 er højere end refe­
renceværdien, tyder på, at individet lider af en ektatisk hornhindesygdom.

2. In v/Yro-fremgangsmåde ifølge krav 1, hvor den ektatiske hornhindesygdom 
er udvalgt fra gruppen bestående af:
a) subklinisk keratoconus, i hvilket tilfælde referenceværdien svarer til ek- 
spressionsniveauerne af TLR2 og/eller TLR4 målt i en prøve fra et sundt indi­
vid;
b) klinisk keratoconus, i hvilket tilfælde referenceværdien svarer til ekspressi­
onsniveauerne af TLR2 og/eller TLR4 målt i en prøve fra et individ, som lider 
af subklinisk keratoconus; og
c) pellucid marginal degeneration, i hvilket tilfælde referenceværdien svarer til 
ekspressionsniveauerne af TLR2 og/eller TLR4 målt i en prøve fra et sundt 
individ.

3. In v/Yro-fremgangsmåde ifølge et hvilket som helst af kravene 1 eller 2, som 
også omfatter at bestemme mindst en parameter udvalgt blandt: dioptrier, 
hornhindetykkelse og hornhindehævelse.

4. In v/Yro-frem gangs måde til bestemmelse af risikoen for at udvikle en ektatisk 
lidelse i hornhinden hos et individ, som omfatter:
a) at bestemme ekspressionsniveauet af TLR2 og/eller TLR4 i en prøve fra 
individet; og
b) at sammenligne ekspressionsniveauet med en referenceværdi,
hvor det, hvis ekspressionsniveauet af TLR2 og/eller TLR4 er højere end refe­
renceværdien, tyder på, at individet har en høj risiko for at udvikle en ektatisk 
hornhindesygdom.
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5. In v/Yro-fremgangsmåde ifølge krav 4, hvor individet tidligere har fået stillet 
diagnosen brydningsfejl.

6. In v/Yro-fremgangsmåde ifølge et hvilket som helst af kravene 4 eller 5, hvor 
individet har udviklet en tidligere okulær patologi udvalgt blandt: okulær kløe, 
øjengnidning, biomikroskopiske tegn og hyperæmi af bindehinden.

7. In v/Yro-frem gangs måde til bestemmelse af det kliniske resultat foret individ, 
der lider af en ektatisk hornhindesygdom, omfattende:
a) at bestemme ekspressionsniveauet af TLR2 og/eller TLR4 i en prøve fra 
individet; og
b) at sammenligne ekspressionsniveauet med en referenceværdi,
hvor det, hvis ekspressionsniveauet af TLR2 og/eller TLR4 er højere end refe­
renceværdien, tyder på et negativt klinisk resultat.

8. In v/Yro-fremgangsmåde til udvælgelse af et individ, der skal behandles med 
en terapi mod en ektatisk hornhindesygdom, som omfatter:
a) at bestemme ekspressionsniveauet af TLR2 og/eller TLR4 i en prøve fra 
individet; og
b) at sammenligne ekspressionsniveauet med en referenceværdi,
hvor det, hvis ekspressionsniveauet af TLR2 og/eller TLR4 er højere end refe­
renceværdien, tyder på, at individet er kandidat til behandling med en terapi 
mod en ektatisk hornhindesygdom.

9. In v/Yro-frem gangsmåde ifølge krav 8, hvor terapien er udvalgt blandt horn­
hinde-tværbinding, intrakorneale ringe og refraktiv kirurgi.

10. In v/Yro-fremgangsmåde ifølge et hvilket som helst af kravene 1 eller 3 til 9, 
hvor den ektatiske hornhindesygdom er udvalgt blandt subklinisk keratoconus, 
klinisk keratoconus, pellucid marginal degeneration, keratoglobus og ektasi ef­
ter refraktiv hornhindekirurgi.

11. Anvendelse af TLR2 og/eller TLR4 som en markør til bestemmelse af di­
agnosen af en ektatisk lidelse i hornhinden hos et individ, til bestemmelse af 
risiken for udvikling af en ektatisk lidelse i hornhinden hos et individ, som en 
markør til bestemmelse af det kliniske resultat for et individ, der lider af en 
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ektatisk hornhindesygdom, eller som en markør til udvælgelse af et individ, der 
skal behandles med en terapi mod en ektatisk hornhindesygdom.

12. Anvendelse af et kit, som omfatter et antistof, et polypeptid, en primer 
og/eller en sonde, som specifikt binder til TLR2 og/eller TLR4, til bestemmelse 
af diagnosen afen ektatisk lidelse i hornhinden hos et individ, til bestemmelse 
af risiken for udvikling af en ektatisk lidelse i hornhinden hos et individ, til be­
stemmelse af det kliniske resultat for et individ, der lider af en ektatisk hornhin- 
desygdom, eller til udvælgelse af et individ, der skal behandles med en terapi 
mod en ektatisk hornhindesygdom.

13. In v/fro-fremgangsmåde til bestemmelse af risikoen for, at et individ får 
ektasi efter refraktiv kirurgi, som omfatter:
a) at bestemme ekspressionsniveauet af TLR2 og/eller TLR4 i en prøve fra 
individet; og
b) at sammenligne ekspressionsniveauet med en referenceværdi,
hvor det, hvis ekspressionsniveauet af TLR2 og/eller TLR4 er højere end refe­
renceværdien, tyder på, at individet udviser en høj risiko for at lide af ektasi 
efter refraktiv kirurgi.
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