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Increased lacrimal inflammatory mediators in patients with
keratoconus
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Purpose: This study aimed to characterize the tear film immunologic profile in keratoconus (KC) patients compared
with healthy individuals (control group) and to investigate the correlation between the tear film immunologic profile and
atopy, disease severity, and disease status over time.

Methods: The study involved 30 KC patients and 18 healthy individuals. Tear collection was obtained using microcap-
illary tubes. Tear film levels of fractalkine, granulocyte-macrophage colony-stimulating factor (GM-CSF), interferon
(IFN)-y, interleukin (IL)-1B, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL-17A, IL-21, IL-23, interferon-
inducible T-cell alpha chemoattractant (ITAC), macrophage inflammatory protein-1 alpha (MIP-1a), MIP-1B3, MIP-3a,
and tumor necrosis factor (TNF)-a were detected. Keratometric measurements and topographic patterns were used to
diagnose and define disease progression. Tear immunologic profiles were compared, emphasizing the presence or absence
of ocular allergy. Correlations between the cytokine profile, disease severity, and disease status were also analyzed
longitudinally in the KC patients.

Results: Lacrimal cytokine concentrations were higher in the KC patients than they were in the controls in 14 of 21
cytokines analyzed. IL-6 was the most relevant cytokine found in KC patients, especially when associated with ocular
allergy. There was no correlation between KC progression and the level of inflammatory cytokines when analyzed
longitudinally. KC severity correlated with IL-6 concentration, where the more severe KC presented a higher IL-6
concentration in tears.

Conclusions: Inflammatory activity seems to be involved in the pathogenesis of KC. Out of 21 cytokines, 14 were more
concentrated in the tears of KC patients than healthy subjects. IL-6 was significantly higher in KC patients’ tears and
was related to disease severity. Disease progression did not correlate with cytokine levels when analyzed longitudinally.
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Keratoconus (KC) is a noninflammatory ectatic and
asymmetric corneal disorder [1]. Epidemiologic data have
reported worldwide variability in its prevalence, which might
be related to ethnicity, geographic differences, and different
diagnostic criteria used in epidemiologic investigations [2].
KC is characterized by corneal thinning, increased apical
curvature of the cornea, and loss of spherical shape, resulting
in irregular astigmatism, which impairs visual acuity and
quality of life. Worse yet, the disease mainly affects young
working-age people and can cause severe low vision [3,4]. A
better understanding of the etiology and risk factors associ-
ated with its progression can reduce visual impairment and
labor limitations.

KC has a multifactorial etiology and is not yet fully
understood. Proinflammatory biochemical environments
[5], altered structural morphology [6], and multiple genetic
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factors [7] likely all play a role. An interlinked association
seems to exist among these factors, but the identification of
the precipitating ones that ultimately result in clinical KC is
still unclear. Ocular allergy has played an essential role in the
etiology of KC in the past few years, and several studies have
found a higher prevalence of allergic diseases in KC patients
than in healthy subjects [8-15].

Currently, there is a growing interest in tear film evalu-
ation to understand how proteins, lipids, and other molecules
are affected in the context of systemic and eye diseases. The
presence and concentration of cytokines and other inflam-
matory tear molecules have been investigated and associated
with inflammatory activity in different conditions affecting
the ocular surface, especially in dry eye [16-18], ocular
allergy [19-21], and graft versus host disease [22-26]. Similar
methodological studies, involving KC patients reported
increased IL-6; epidermal growth factor; matrix metallo-
proteinase (MMP)-1, 3, 7, 9, and 13; and metalloproteinase-1
tissue inhibitor (TIMP-1). Other studies have reported lower
concentrations of interferon (IFN)-y, interleukin (IL)-4, IL-5,
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IL-6, IL-8 (C-X-C motif chemokine ligand 8 [CXCLS8]),
IL-12, IL-13, C-C motif chemokine ligand 5 [CCL5], and
vascular endothelial growth factor [27-31]. Elevated tear
levels of MMPs, IL-1, IL-6, and tumor necrosis factor-o
(TNF-a); increased expression of proteolytic and lysosomal
enzymes; and decreased concentrations of protease inhibitors
may be related to corneal tissue damage in KC patients [32].
This study aimed to characterize and compare the tear immu-
nologic profile of KC patients with a control group and to
investigate the correlation between the tear film immunologic
profile and ocular allergy, disease severity, and disease status
(progression or stability) over time.

METHODS

This prospective study was performed at Sorocaba Ophthal-
mological Hospital (HOS) and the Department of Ophthal-
mology and Visual Sciences, Federal University of Sdo
Paulo (UNIFESP), in collaboration with the Department of
Immunology, University of Sdo Paulo (USP). The UNIFESP
Ethics Committee approved this study (672.479/2014), and
our study adheres to the tenets of the Declaration of Helsinki.
Written informed consent was obtained from all participants.
Over 4 years, 48 individuals (30 with KC and 18 controls)
were included. Inclusion criteria were KC patients with
regular follow-up at the Cornea Clinic at HOS. Exclusion
criteria included hydrops, previous history of herpetic kera-
titis, collagen diseases, autoimmune diseases, other systemic
diseases (e.g., diabetes mellitus), topical or systemic use of
hormonal or nonhormonal anti-inflammatory drugs, use of
rigid or soft contact lenses within 1 month before tear collec-
tion, and pregnancy and lactation in women.

Tear collection was performed without touching the
ocular surface and previous instillation of any eye drops.
Samples were collected by capillarity using 10 ul microcapil-
lary tubes (Microcaps, Drummond Scientific Co., Broomall,
PA), transferred to 1.5 ml Eppendorf tubes (Eppendorf,
Fremont, CA), and stored at —80 °C until immunoassay anal-
ysis. Processing and analysis of tear samples were performed
upon completion of the sample collection.

A Bio-Plex assay (Merck Millipore, St. Louis, MO) was
used to detect fractalkine, granulocyte-macrophage colony-
stimulating factor (GM-CSF), IFN-v, IL-1pB, IL-2, IL-4, IL-5,
IL-6, IL-7, IL-8, I1L-10, IL-12 (p70), IL-13, IL-17A, IL-21,
IL-23, , interferon-inducible T-cell alpha chemoattractant
(ITAC), macrophage inflammatory protein-1 alpha (MIP-1a),
MIP-1B, MIP-3a, and TNF-a, following the manufacturer’s
manual. Cytokine readings were obtained using a Luminex
200 (Luminex Corporation, Austin, TX), and quantitative
data were obtained using Milliplex Analyst software (Merck
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Millipore). The Thl to Th2 ratios, represented by the IFN-y
to IL-10 ratios, were obtained as respective representatives
of T-helper cells. These ratios were used to compare KC and
control groups and analyzed in the KC group over time.

Keratometric measurement defined disease severity and
determined four stages of classification: mild (<45 diopters
[D] in both meridians), moderate (between 45 D and 52 D in
both meridians), advanced (between 52 D and 62 D in both
meridians), and severe (>62 D in both meridians) [33]. KC
progression was defined as an increase of at least 0.75 D in
the apical keratometry (K) value of the corneal topography
within 6—12 months. Regarding the presence of ocular allergy,
the allergic component in patients with KC and controls was
evaluated using a questionnaire based on the International
Study of Asthma and Allergies in Childhood (ISAAC) model,
which defined and characterized patients with ocular allergy
[34].

KC patients were followed up after 12—18 months, and
tear samples were analyzed at two time points (baseline: when
patients were included in the study and at 12—18 months),
allowing longitudinal analysis of cytokine concentrations
associated with disease status (progression or stability). In the
longitudinal arm of the study, to investigate the relationship
between KC severity and cytokine concentration, KC patients
were subdivided into the two following groups: KC with
disease progression (n = 10) and KC without disease progres-
sion (n = 20). Tear immunologic profiles were compared
between the groups, emphasizing the presence or absence of
ocular allergy. Correlations between cytokine profile, disease
severity, and disease status were analyzed longitudinally in
the KC group.

The R version 3.3.2 statistical program was used for
descriptive and inferential statistical analysis. Pearson’s
chi-square test, the Mann—Whitney U test, or the Student ¢
test was used for independent samples. The Kruskal-Wallis
test or analysis of variance (ANOVA) with a fixed factor and
Wilcoxon or Student ¢ test was used for dependent samples.
We also used ANOVA with two fixed factors (control or
KC group; ocular allergy or not), as well as the Bonferroni
comparison test, to compare IL-6 levels [11,13-15]. The alpha
significance level equal to 5% was used in all conclusions
obtained through inferential analyses.

RESULTS

The study involved tear analyses of 48 individuals—18
(37.5%) in the control group and 30 (62.5%) in the KC
group. The control group was mostly composed of female
individuals (61.1%) with no ocular allergy (88.9%) and with
an average age of 16.2 years (range, 10-21 years). The KC
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TABLE 1. DISTRIBUTION OF CONTROL AND KERATOCONUS (KC) GROUPS ACCORDING
TO GENDER, AGE, PRESENCE OF ATOPY, AND DISEASE SEVERITY.

Variety Control KC! Total P value
Gender Male 7 18 25 0.156*
Female 11 12 23
Total 18 30 48
Age (years) Mean + SD¢ 16.2+£3.2 14.3+1.9 15.0+2.6 0.003°
Atopy Yes 2 22 24 <0.001°
No 16 8 24
Total 18 30 48
Severity (KC) Mild - 1 3.3%
Moderate - 9 30%
Advanced - 13 43.3%
Severe - 7 23.3%
Total 30 100%

dPearson’s chi-square;"Mann—Whitney; °Standard deviation. “Keratoconus

group was mostly composed of male individuals (60.0%) with
ocular allergy (73.3%) and a mean age of 14.3 years (range,
11-17 years). The most frequent degrees of severity in the
KC group were advanced (43.3%), moderate (30.0%), severe
(23.3%), and mild (3.3%; Table 1). The control and KC groups
presented the same profile regarding gender (p = 0.156), but
the KC group had a younger population (p = 0.003) and a
higher prevalence of ocular allergy (p<0.001).

Twenty-one cytokines and the INF-y to IL-10 ratio
(representing the Th1/Th2 ratio) were measured at the first
ophthalmic evaluation (baseline). The KC group presented
higher concentrations in 14 of 21 cytokines than controls
did. Both groups showed comparative concentrations of IL-2
(Table 2). IL-6 was significantly higher in the KC group (p =
0.012; Figure 1), and IL-5 also tended to differ in both groups
(p=0.06). The effect of ocular allergy on the IL-6 increase in
the KC group (p = 0.003) is presented in Figure 2. The effect
of ocular allergy on IL-6 levels was also analyzed using two
fixed factors (KC and ocular allergy). In the control group,
the presence or absence of ocular allergy did not interfere
with the IL-6 level (p = 0.325), whereas in the KC group, the
presence of ocular allergy demonstrated a tendency toward
an increased I1L-6 level (p = 0.08), albeit without statistical
significance. The comparison among controls and KC patients
with and without disease progression was an important object
of investigation (Table 3). The three distinct groups had the
same profile for gender but not age (p = 0.007) or ocular
allergy (p<0.001). The KC without progression group had the
same frequency of ocular allergy as the KC with progression

group (p = 0.682). KC patients with and without progression
had more cases of ocular allergy than controls did (p<0.001).

A comparison of 21 cytokines was also performed among
the three groups at baseline. Only IL-6 showed a significant
difference (p = 0.032; Figure 3).

The correlation between disease severity and cytokine
concentrations in the KC group indicated that disease severity
correlated only with IL-6. Here, the higher the severity was,
the higher the IL-6 tear concentration became (s = 0.391; p =
0.033; Figure 4).

The Thl to Th2 ratio, represented by the IFN-y to
IL-10 ratio, was used to compare the inflammatory profile
between the KC and control groups at baseline, but it did
not demonstrate any statistical difference between them (p
= 0.375; Figure 5). This analysis was also performed in the
KC subgroups over time and based on disease status (with
and without progression), but again, there were no statistical
differences between the KC subgroups (Table 2 and Table
4; Figure 6). Longitudinal IL-5 and IL-6 measurements
in the KC subgroups indicated no statistically significant
change between baseline and 12—18 months, which means
that progression was not related to tear film cytokine levels
(Figure 6).

DISCUSSION

This study investigated cytokines in the tear film of KC
patients and healthy individuals to determine whether the
altered inflammatory response is a factor contributing to its
etiology. Tear analyses of 48 individuals were included as
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TABLE 2. BASELINE CYTOKINES CONCENTRATION IN CONTROL AND KC GROUP.

Variety Control KC¢ Total P value

(n=18) (n=30) (n=4)

Mean N Mean SD? mean N
Cytokines (pg/
ml)
itac 89.76 50.51 108.36 129.88 101.38 106.84 0.544°
gm-csf 0.76 0.33 1.13 0.94 0.99 0.79 0.241°
Fractalkine 55.26 2577 79.37 65.27 70.33 54.85 0.418°
ifn-y 3.02 1.84 4.15 4.23 3.73 3.54 0.733%
il-10 1.43 1.23 2.08 2.3 1.84 1.97 0.462°
mip-3a 24.11 12.2 22.75 14.92 23.26 13.85 0.746¢
il-12p 1.2 0.61 1.74 1.7 1.54 1.41 0.655°
il-13 4.04 1.9 591 4.93 5.21 414 0.343%
il-17 1.44 0.67 2 1.86 1.79 1.54 0.757°
il-1b 0.69 0.3 0.84 0.68 0.79 0.57 0.949°
il-2 0.03 0.05 0.03 0.05 0.03 0.05 0.627°
il-21 0.65 0.71 0.96 0.97 0.85 0.88 0.213*
il-4 33.47 22.07 51.8 47.21 44.93 40.4 0.163°
il-23 41.82 29.36 59.29 71.35 52.73 59.38 0.873"
il-5 0.37 0.26 0.67 0.6 0.56 0.52 0.064°
il-6 0.7 0.38 1.59 2.11 1.26 1.73 0.012°
il-7 22.79 11.52 28.9 18.5 26.61 16.37 0.365°
il-8 19.02 20.7 17.17 18.88 17.86 19.38 0.701°
mip-la 6.35 4.89 8.61 11.28 7.76 9.4 0.890°
mip-1b 6.64 2.87 773 8.27 7.32 6.74 0.233%
tnf-a 0.12 0.07 0.16 0.15 0.15 0.12  0.798°
Ifn-Y/il-10 273 1.02 245 1.01 2.56 1.01 0.375¢

aStandard deviation;>Mann—Whitney; “Student t test for independent samples; “Keratoconus

follows: 18 (37.5%) in the control group and 30 (62.5%) in the
KC group. The control and KC groups presented the same
gender profile (p = 0.156), but the KC group constituted a
younger population (p = 0.003) and a higher prevalence of
ocular allergy (p<0.001). KC was more prevalent in male than
in female patients. In a systematic review and meta-analysis,
Hashemi et al. reported that the prevalence of KC in the
general population is estimated at 1.38 per 1,000 popula-
tion (20.6 per 1,000 men and 18.33 per 1,000 women) [35].
In a nationwide study in South Korea, Hwang et al. found
a similar prevalence in men and women [36]. In contrast, in
another study, Hashemi et al. found a higher prevalence in
women [37].

Different definitions of atopy in the ophthalmic literature
may foster controversial results about its role or correlation
with KC. There are several ways to classify allergies, and the

need for standardization is vital for data collection. A ques-
tionnaire (face-to-face interview) based on ISAAC was used
to evaluate and define an ocular allergic component in all
patients [34]. Comparison between the control group and the
KC group subdivided into two subgroups (with and without
progression) revealed a difference in the prevalence of ocular
allergy (p<0.001). The KC without progression group had the
same frequency of ocular allergy as the KC with progression
group (p = 0.682), which means that ocular allergy did not
interfere in disease progression in our study. The KC with and
without progression groups presented more cases of ocular
allergy than controls did (p<0.001). In accordance with our
findings, Millodot et al. [38] and Harrison et al. [39] also
reported an association between atopy allergy and KC and
considered it a risk factor. Therefore, dissociating ocular
allergy from KC was complicated. In contrast, atopic disease,
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TABLE 3. DISTRIBUTION OF CONTROL AND KC WITH
AND WITHOUT PROGRESSION GROUPS ACCORDING
TO GENDER, AGE, AND PRESENCE OF ATOPY.

Variety Control KC! p value
Without With
progression progression
Gender
Male 7 12 0.424°
Female 11 8
Total 18 20 10
Age
(years)
ngef“ T 162432 146221 13.9+1.4 0.007°
Atopy
Yes 2 14 <0.001*
No 16 6 2
Total 18 20 10

“Pearson’s chi-square;’Kruskal-Wallis; °Standard deviation;
dKeratoconus

such as ocular allergy, is the most important cause of eye
rubbing, which has been considered a significant risk factor
for KC and has been intrinsically considered in its causal
etiology pathway.

Disease severity was defined by keratometric measure-
ments obtained by axial topographic maps (Orbscan®,
Bausch & Lomb, Rochester, NY; Table 1). KC progression
was defined as an increase of at least 0.75 D in the apical
K value of the corneal topography within 6—12 months. We
used similar criteria to define KC progression to those other
researchers have used [40,41]. Great progress has been made
in corneal imaging during the last decade, mostly focused on
improving the sensitivity toward early diagnosis of KC and
identifying disease progression. There is no doubt that steep-
ening of the posterior corneal surface, changes in corneal
thinning, and epithelial thickness mapping would add helpful
information to identify disease progression. By the time this
study was conducted, the apical K value of the corneal topog-
raphy was considered the gold standard method to define
disease progression [42-45]. Since there is no quantitative
consensus on analyzing other parameters (posterior cornea
and corneal thickness), anterior cornea K is still the most used
parameter to define progression in recent literature. However,
for some corneal specialists, reproducible and consistent
quantitative data that define KC progression are lacking [46].

The etiopathogenesis of KC has not yet been fully eluci-
dated. The role of cytokines, proteases, and oxidative stress
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Figure 1. IL-6 levels in KC and control groups at baseline (p =
0.012).

has been a central theme because these mediators seem to
degrade corneal tissue and stimulate ectasia progression
[47,48]. At baseline measurement, KC patients presented
higher tear cytokine levels in 14 of the 21 cytokines tested
than controls did, which may indicate the presence of
proinflammatory activity in the tear film of KC patients, as
reported in several studies [27,47,49-51]. In our study, despite
the global trend toward a higher concentration of proinflam-
matory molecules, the only significant difference observed
was in IL-6.

A significant increase in IL-6 in KC patients’ tears has
already been reported, and this finding has been reproduced
in several studies, regardless of the methodology applied
[49,50]. In addition, using an immune bead—based multiplex

10 =
v
O -
E 71
g 67
e 54
= 3
= v
©
il . 1
1= L ""v
hdlle= = i
A
0 T T L T
C/WO C/wW KC/WO KC/W

Figure 2. IL-6 levels in KC and control groups according to ocular
allergy at baseline (p = 0.003).
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kit, Tonescu et al. reported significant expressions of IL-1f,
IL-4, IL-6, IL-10, IFN-y, and TNF-a in the tears of eyes
of KC patients compared with control subjects [51]. Jun et
al. analyzed lacrimal proteins and found elevated levels of
IL-6 and reduction of IL-4, CCL5, IFN-y, and TNF-a in KC
compared with control tears [30]. Sorkhabe et al. found a
significant increase in the levels of IL-1b, IL-6, and IFN-y and
a decrease in IL-10 in KC patients compared with the control
group [52]. However, some controversies have been observed
regarding the IL-6 level in tear film. Andrade et al. reported
that tears, corneal cells, and tissues of KC patients had higher
levels of MMP-9 and no significant differences in the tear
concentrations of IL-6, IL-8, MMP-2, galectin 1 (Gal-1), and
Gal-3 compared with controls [53]. These differences might
be explained by factors related to the studied population (age,
genetic, and geographic factors) and by the methodology of
analysis employed. Interestingly, the IL-6 level correlated
with disease severity (p = 0.033) in our study: The higher the
severity was, the higher the IL-6 tear concentration became.
Published data on KC severity and cytokine concentration
in tear film is limited. Jun et al. analyzed cytokine levels,
stratifying the KC group into mild to moderate and severe
groups. No significant differences were evident when mild to
moderate disease was compared with controls [30].

Regarding the effect of ocular allergy on IL-6 level,
there was no interference of ocular allergy on IL-6 level
in the control group (p = 0.325), but there is a tendency to
increase on IL-6 level when ocular allergy is associated to
KC (p = 0.08). Importantly, these analyses should be treated
with caution because of the low frequency of ocular allergy
in the control group and the sample size in the KC group.
A larger study including individuals with ocular allergy and
KC or excluding individuals with this association might help
to clarify the interference of ocular allergy in tear cytokine
levels in KC patients.

The Thl to Th2 ratio, represented by the IFN-y to IL-10
ratio, did not indicate a significant difference between KC
and control groups or between KC subgroups. This ratio
has been used to find any imbalance between proinflam-
matory and anti-inflammatory cytokines [54]. Because IL-6
is sometimes related to the Th2 pathway and can interfere
in its direction via different mechanisms, we extrapolated
to investigate whether there was any shift toward the Th2
profile in KC patients’ tears. Jun et al. already suggested that
there may be a complex imbalance between proinflammatory
and anti-inflammatory tear cytokines altering epithelial and
stromal functions [30].

To the best of our knowledge, no other studies have
evaluated the behavior of inflammatory molecules in KC
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Figure 3. IL-6 levels between control and KC groups with and
without progression at baseline (p = 0.032).

patients longitudinally. This study allowed for the analysis of
inflammatory cytokines over time in KC patients (baseline
and 12—-18 months). The KC group did not present significant
changes in cytokine levels over time compared with baseline
except for a sustainable elevated level of IL-6. This study
has some limitations, such as sample size and the already
known high variability in cytokine measurements using
immune bead—based multiplex assays [55]. This study does
not exclude the possibility of other inflammatory media-
tors involved in the pathophysiology of KC, and it does not
identify the source or target of the cell or receptor activity
of mediators measured in tears. Correlations reported from
these results might be useful for further investigation of KC’s
pathogenesis and progression associated with inflammatory
activity.

Inflammatory activity seems to be involved in the
pathogenesis of KC. Fourteen of 21 cytokines were more
concentrated in the tears of KC patients than they were
in healthy subjects. IL-6 was significantly higher in KC
patients’ tears and was related to disease severity. Disease
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Figure 4. IL-6 levels according to KC severity (p = 0.033).
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progression did not correlate with cytokine levels when

6 —
analyzed longitudinally.
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TABLE 4. TH1 TO TH2 (IFN-1/IL-10) RATIO IN KC PATIENTS ACCORDING TO DISEASE
STATUS OVER TIME (WITH AND WITHOUT PROGRESSION).
Cytokines Baseline (mean + SD?) 12-18 months (mean + SD?) P value
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(KC* without progression)
Ifn-Y/il10 2.42+0.93 (n=10) 2.42+1.24 (n=10) 0.959°
(KC* with progression)

aStandard deviation;*Wilcoxon; ‘Keratoconus
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Figure 6. IL-5, IL-6, and IFN-y to IL-10 ratio levels in the KC group according to disease status (with or without progression) over time.
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