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Cytokine changes in tears and relationship to contact lens
discomfort
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Purpose: To determine the reproducibility of a multiplex bead assay for measuring cytokines in tears and correlations
between ocular discomfort with or without contact lens wear and the concentration of cytokines in tears.

Methods: Ninety participants (divided into two groups) were enrolled in this prospective study. They were asked to
rate their ocular comfort and collect their tears in the morning and just before sleep for 10 days with or without contact
lenses. The participants collected their tears using a glass microcapillary tube for both stages. Galyfilcon A lenses were
worn on a daily disposable basis during the contact lens stage, and comfort scores and tears were collected before lens
insertion and prior to lens removal at the end of the day. Tears were analyzed for cytokine concentrations using a 27-plex
multibead assay. Correlations were sought between cytokine concentrations and comfort.

Results: There was a significant (p<0.022) decrease in ocular comfort over the day with or without lens wear. The
magnitude of ocular discomfort was significantly greater (p<0.009) with lens wear. The concentrations of 12 cytokines
differed significantly between the groups; thus, these cytokines were not analyzed further. For the remaining 15 cyto-
kines, interleukin-8 (IL-8) was the only cytokine that changed in both groups during the day without (reduced by >-0.5
Log pg/ml, p<0.001) or with lens wear (reduced by >-0.2 Log pg/ml, p<0.001). The change in the vascular endothelial
growth factor (VEGF) concentration only in tears was correlated to ocular comfort, but this was not changed by contact
lens wear.

Conclusions: Ocular comfort during the day is magnified by contact lens wear. However, the increase in the change in
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comfort during lens wear was not associated with changes in 15 cytokines in the tear film.

The tear film is a dynamic fluid that contains various
biological molecules, including proteins, lipids, and mucins.
The human tear film has a complex multilayered fluid
structure, consisting of an extensive aqueous layer situated
between a mucin layer and a lipid layer. The function of the
tear film is to hydrate and lubricate the ocular surface, to
protect it from invading pathogens, and to provide a trophic
environment for the corneal epithelium and a smooth optical
surface for normal vision [1]. The aqueous component of tears
comprises the major part by volume and is secreted by the
lacrimal gland, accessory lacrimal glands as well as contribu-
tion from plasma leakage from conjunctival blood vessels.
The aqueous layer contains electrolytes, minerals, enzymes,
non-enzyme proteins, immunoglobulins, and growth factors.
De Souza et al. [2] identified 491 proteins in the tear film of
one individual, and Zhou et al. [3] identified 1,543 proteins
in tears collected from four healthy non-contact lens wearers;
714 proteins were present in all samples.
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Several studies have examined the tear film for changes
in inflammatory mediators during dry-eye disease or contact
lens-associated inflammation. Dry-eye disease is defined as
being associated with inflammation of the ocular surface
[4]. An increase in the concentration of several cytokines,
including interleukin-1p (IL-1B), IL-5, IL-6, IL-8, interferon
gamma (IFN-y), and tumor necrosis factor-a (TNF-a), has
been reported in the tears of people with dry-eye disease
[5,6], and the IL-6 concentration correlates with corneal
desiccation, surface damage, irritation, and symptom severity
[6]. Studies have shown that contact lens wear can result in
increases in the concentration of the cytokines IL-6, IL-8,
TNF-a, and endothelial growth factor (EGF) in tears [7-11].
Furthermore, adverse events associated with infiltration
of the cornea have been shown to result in increases in the
IL-8 and granulocyte-macrophage colony-stimulating factor
(GM-CSF) concentrations in tears [12]. Interestingly, there
have been no reports of associations between the concentra-
tion of cytokines in tears and dryness or discomfort symp-
toms with contact lens wear.

Contact lens wear can result in symptoms of dryness and
discomfort. The prevalence of dryness and discomfort ranges
from approximately 30% up to 70% for different contact
lens—wearing populations [13-16]. Furthermore, dryness or
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discomfort appears to increase during the day [17]. This study
was designed to measure changes in comfort during the day
with or without contact lenses, to determine whether these
changes correlated with the level of a range of cytokines in
the tear film, and to determine whether a multiplex bead
assay for cytokine analysis was reproducible when used with
tears.

METHODS

Participants: A total of 90 participants in two groups (44
and 46 participants, respectively; see statistical analysis for
power calculation for number of participants) were enrolled
who met the inclusion and exclusion criteria. The two sets of
participants were enrolled in the study approximately 1 month
apart, and no participants were enrolled in both studies. The
study followed the Declaration of Helsinki concerning the use
of human participants, and all participants signed informed
consent before enrollment in the study. Ethics approval for the
study was granted by the Human Research Ethics Committee
of the Brien Holden Vision Institute. Inclusion criteria were
at least 18 years old, willing to comply with the wearing and
clinical trial visit schedule as directed by the investigator,
have ocular health findings considered “normal,” have vision
correctable to at least 6/12 (20/40) or better in each eye with
contact lenses, be experienced or inexperienced at wearing
contact lenses, and able to demonstrate ability to collect tear
samples on their own using equipment provided. Exclusion
criteria were preexisting ocular irritation, injury, or condi-
tion of the cornea, conjunctiva, or eyelids that would preclude
soft contact lens fitting and safe wearing of contact lenses;
systemic disease that adversely affects ocular health; use of
or a need for prescription ocular medication up to 12 weeks
before and during the trial; use of or a need for any systemic
medication or topical medications that may alter normal
ocular findings or are known to affect a participant’s ocular
health/physiology or contact lens performance (systemic anti-
histamines were allowed on an as needed basis, provided they
were not used prophylactically during the trial); eye surgery
within 12 weeks immediately before enrollment for this trial;
previous corneal refractive surgery; contraindications to
contact lens wear; currently enrolled in another clinical trial;
participation in a clinical trial within the previous 2 weeks or
participation in a short-term clinical test within the previous
48 h; use of or need for anticoagulants; any physical inability
that may prevent them from collecting their own tears (e.g.,
epilepsy, Parkinson’s disease, etc.); or are pregnant or plan to
become pregnant during the trial or currently breastfeeding.

Tear collection and ocular comfort ratings: Participants were
first instructed not to wear contact lenses for 7 days before
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the beginning of the study if experienced lens wearers, and
to collect their tears using a microcapillary tube [18] in the
morning and in the evening (just before going to bed). During
the non-contact lens wear stage, tears from both eyes were
collected in the same Eppendorf tube, but different tubes
were used for morning and evening collections and for each
day. The participants were asked to collect approximately 5
ul of tears each day (this volume in the capillary tube was
demonstrated to them in the clinic before the start of the
tear collection), or as much tears as they could within a 10
min collection time, and to immediately place the tears in
their home freezer (—20 °C). The participants were advised
to immediately stop tear collection if any reflex tearing was
stimulated, and simply freeze any amount of tears collected at
that time. This collection period lasted for 10 days, and tears
were collected each day. During this period, the tears were
stored in Eppendorf tubes in the participants’ home freezers.
At the end of the 10 days, the participants delivered the tears
in an ice container to the laboratory where they were trans-
ferred to a —80 °C freezer before analysis. During the second
stage of this study, the participants were fitted with contact
lenses (Galyfilcon A; Johnson and Johnson Vision Care,
Jacksonville, FL) under a daily disposable modality and told
to collect tears each morning before lens insertion and each
evening before lens removal for 10 days. Tears were treated
as per the non-contact lens wearing stage. All the morning
tears and all the evening tears were collected separately from
an individual participant in each stage were pooled for each
individual before laboratory analysis.

Subjective ratings of ocular comfort were recorded at the
time of tear collection. Participants were asked to rate their
ocular comfort of each eye before tear collection on a 1-100
scale where 1=extremely uncomfortable and 100=extremely
comfortable.

Cytokine assay: Twenty-seven cytokines (IL-1f, IL-1 receptor
antagonist (IL-1Ra), IL-2, -4, -5, -6, -7, -8, -9, -10, -12p70,
-13, -15, -17, tumor necrosis factor-alpha (TNF-a), interferon-
gamma (IFN-y), granulocyte-monocyte colony-stimulating
factor (GM-CSF), granulocyte colony-stimulating factor
(G-CSF), platelet-derived growth factor-BB (PDGF-BB),
basic fibroblast growth factor (FGF-b), vascular endothe-
lial growth factor (VEGF), monocyte chemotactic protein
(MCP)-1, macrophage inflammatory protein -la, -1p (MIP-
la, MIP-1pB), eotaxin, interferon-induced protein-10 (IP-10),
and regulated upon activation, normal T-cell expressed and
presumably secreted (RANTES)) in each tear sample were
detected using multiplex bead analysis (Bio-Plex Human
Cytokine 27-plex panel, Bio-Rad, Hercules, CA). The tear
samples were diluted 20-fold using the sample diluents

294


http://www.molvis.org/molvis/v21/293

Molecular Vision 2015; 21:293-305 <http://www.molvis.org/molvis/v21/293>

supplied in the kit. Standard curves were generated by
using the reference cytokine sample supplied in the kit and
were used to calculate the cytokine concentrations in tear
samples. The lower limits of quantification for each cytokine
are presented in Table 1. In addition to the multiplex assay,
an enzyme-linked immunosorbent assay (ELISA; Bethyle
Laboratories, Montgomery, AL; lower limit of detection=8
ng/ml) was used to measure the amount of immunoglobulin
A (IgA) in tears as this concentration has been reported to
change upon reflex tearing [18,19].

Statistical analysis: A sample size of 40 participants was
required to determine a significant paired difference of 5+10
units for ocular comfort scores with 80% power at the 5%
level of significance after adjusting for a possible dropout
rate of 20%. To determine the repeatability of the cytokine
and comfort values, data for the first group of participants
was compared to that of the second group. Participants who
commenced the study treatment were included in the analysis
data set. The analysis of efficacy variables such as subjective
ratings and inflammatory mediators used only scheduled and
evaluable visits. Concentrations of different inflammatory
mediators obtained from the tear analysis were quantified
on a continuous scale and summarized as means + standard
deviations. Prior to statistical analysis, log transformation
was applied to the inflammatory mediators due to their
dynamic range. Subjective ratings of ocular comfort were also
summarized as means + standard deviations. The concentra-
tions of tear components and subjective ratings were analyzed
using mixed linear models with subject random intercepts
and stages factored as repeated effects, to determine signifi-
cant differences between the stages and morning to evening
differences. Correlations between the concentration of single
cytokines and change in comfort response magnitude were
calculated with the Pearson correlation coefficient. Level of
significance was set at 5%.

RESULTS

Subject demographics: The demographics of the participants
enrolled in each group are given in Table 2. The demo-
graphics factors assessed for each group were not signifi-
cantly different.

Change in ocular comfort ratings: There were no significant
differences in comfort ratings between the two groups at any
stage (Table 3). There was a significant morning to evening
decrease in comfort ratings with and without contact lens
wear in both groups (p<0.021). However, the morning to
evening decrease in comfort ratings was greater with contact
lens wear compared to non-contact lens wear (p=0.008
and p=0.006 for groups 1 and 2, respectively). Within a
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participant, there was no difference in the comfort ratings
over the course of the 10 days of data (and tear) collection.

In the morning, differences in comfort between contact
lens wear and non-contact lens wear were not consistent
between the two groups (p=0.313 and 0.025 for groups 1
and 2, respectively). However, in the evening, comfort rating
with contact lens wear was significantly lower than without

TABLE 1. CALCULATED LOWER LIMITS OF QUAN-
TIFICATION FOR EACH CYTOKINE ASSESSED BY
Bi1o-PLEx HuMAN CYTOKINE 27-PLEX PANEL.

CYTOKINES Lower limit of detection (pg/ml)
IL-1B 32
IL-1Ra 81.1
IL-2 2.1
IL-4 22
IL-5 3.1
IL-6 2.3
IL-7 3.1
IL-8 1.9
IL-9 2.1
IL-10 2.2
IL-12p70 33
IL-13 3.7
IL-15 2.1
IL-17 49
Eotaxin 40.9
bFGF 272
G-CSF 2.4
GM-CSF 63.3
IFN-vy 92.6
1P-10 18.8
MCP-1 2.1
MIP-1a 1.4
MIP-1p 2.0
PDGF-BB 7.0
RANTES 2.2
TNF-a 5.8
VEGF 5.5

Abbreviations: IL = interleukin; FGF = fibroblast growth fac-
tor; G-CSF = Granulocyte colony stimulating factor; GM-CSF
= granulocyte monocyte colony stimulating facotr; IFN = inter-
feron; IP = Interferon gamma-induced protein; MCP = mono-
cyte chemoattractant protein; MIP = macrophage inflammatory
protein; PDGF = platelet-derived growth factor; RANTES =
regulated on activation, normal T cell expressed and secreted;
TNF = tumor necrosis factor; VEGF = vascular endothelial
growth factor
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TABLE 2. SUBJECT DEMOGRAPHICS

IN THE TWO PARTICIPANT GROUPS.

Variable Group 1 Group 2 p value
Gender % Female 69 60 0.516
Ethnicity % Asian 40 40 0.439
% Caucasian 20 33
% Indian 18 13
% Other 22 15
contact lens wear experience % neophyte 13 17 0.775
Age Years 26.4+8.5 24.9£8.5 0.397
Refraction Sphere (Diopters) —2.942.0 —2.9+2.2 0.910
Cylinder (Diopters) —0.5+0.4 —0.6+0.4 0.166
Keratometry Flat Meridian (Diopters) 43.1+1.3 43.4+1.3 0.269
Steep Meridian (Diopters) 43.9+1.2 44.2+1.2 0.231

contact lens wear for both groups (p=0.006 and <0.001 for
groups 1 and 2, respectively).

Differences in cytokine concentrations in tears between
groups. Initially, the IgA concentration in tears was analyzed
to determine whether the pooled tears resembled basal or
reflex tears. The mean IgA concentration in tears collected
during the morning without lens wear was 6.6+12.1 mg/ml,
and during the evening without lens wear was 1.6+1.5 mg/
ml. For tears collected during contact lens wear, the amount
of IgA was 4.9+4.0 mg/ml for morning tears and 2.0+1.5 mg/
ml for evening tears. Although the standard deviations for
these results were large, the values were consistent with the
range of values reported for IgA in basal and closed-eye tears
[20-26] and much higher than those reported for reflex tears
on average (0.1-0.4 mg/ml) [19,20,27,28]. This is consistent
with basal tears being the predominant tear type collected in
the pooled samples.

The cytokines detected in each tear sample were investi-
gated (Table 4). As can be seen, IL-15, IL-17, eotaxin, FGF-b,
and GM-CSF were found in the tears of fewer than 30% of
the participants. The comparison between levels of cytokines
demonstrated that there were differences between the two
groups. The groups had significantly different concentrations

of eotaxin, FGF-b, GM-CSF, IFN-y, IL-10, IL-17, IL-2, IL-9,
IP-10, MIP-1B, PDGF-BB, and RANTES and many were
found only in a minority of tear samples (Table 4). Thus, these
cytokines were not examined further.

The cytokines and growth factors consistent between the
groups and used for further analysis were G-CSF, IL-12p70,
IL-13, IL-15, IL-1B, IL-1Ra, IL-4, IL-5, IL-6, IL-7, IL-8,
MIP-1a, TNF-a, and VEGF. Most were found in the majority
of samples (Table 4). Results are presented within each group
and as a combined sample using the percentage data. Table 5
provides the summary data of natural log-transformed cyto-
kine or growth factor data from each group.

As an alternate method for examining the cytokine
concentrations in tears, and removing some of the inherent
variability between groups, the data for individual cytokines
in each group were converted into a percentage of the total
cytokines examined. The cytokines below the limit of detec-
tion were excluded from the analyses. After this conversion,
the percentage of eotaxin, GM-CSF, IP-10, and MCP-1 were
significantly different between groups; thus, the data for these
cytokines were not analyzed further. After conversion, the
data for the remaining cytokines from the two participants
groups were averaged and analyzed as percentage data.

TABLE 3. COMFORT AND DRYNESS RESPONSES OF THE TWO PARTICIPANT GROUPS.

. . Group 1 Group 2
Variables Time Stage p-value
N Mean SD N  Mean SD
Comfort 1-100  Morning No contact lens 43 84 13 46 86 10  0.706
With contact lens 43 83 14 44 83 11 0.848
Evening No contact lens 44 81 16 46 82 13 0443
With contact lens 43 76 16 44 74 16 0.637

Statistical analysis used mixed linear models as outlined in the methods section.
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Changes to cytokine concentrations during the day: In both
groups, the IL-15, IL-1p, IL-1Ra, and MIP-1o concentra-
tions in tears did not significantly change from the morning
to evening tear collection. The only cytokine that consis-
tently decreased in tears from morning to evening was
IL-8 (p<0.001, for groups 1 and 2 and combined [% datal)).
There was almost a 50% decrease in IL-8 from morning to
evening. This decrease was observed in the contact lens— and
no-contact-lens-wearing stages.

The IL-13 (p=0.02), IL-5 (p=0.007), and TNFa (p=0.002)
concentrations were significantly increased in tears in the
evening relative to morning in Group 1 but not Group 2. This
increase was observed in both stages. In the combined sample
(% data), TNF-a (p=0.003) increased in the evening in both
stages. In the combined sample, the increase in TNF-a in the
evening was approximately 30% more than the morning tears.
The increase in the other two cytokines, IL-13 (p=0.001) and
IL-15 (p=0.001), was observed only in the non-contact lens
wearing stage when the samples were combined (% data).

The IL-6 (p=0.046) and VEGF (p=0.033) concentrations
were significantly decreased in the evening compared to the
morning tears in Group 2 without contact lens wear. This
change was not observed in either Group 1 or the combined
(% data) sample.

With the combined (% data) sample, evening tears
showed higher IL-7 (p=0.007), IL-4 (p=0.001), IL-12P70
(p=0.002), and G-CSF (p=0.032) concentrations particularly
in the no-contact lens wearing stage. However, these changes
were not significant in each group.

Changes to cytokine concentrations in tears with contact
lens wear: The only cytokines that consistently decreased in
tears with contact lens wear were IL-1P3 and IL-12p70. The
IL-1pB concentrations decreased with contact lens wear in the
morning and evening tear samples (p=0.031, p=0.022, p=0.05
for groups 1 and 2 and combined (% data)). In the combined
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sample, the decrease in IL-1p was almost 45% with contact
lens wear compared to non-contact lens wear. In Group 1,
the IL-12p70 concentration decreased with contact lens wear
(p=0.011) in the morning and evening tear samples. However,
in Group 2 and in the combined (% data) sample, this decrease
was observed in the evening tear sample only (p=0.005 and
p=0.011 for Group 2 and combined (% data) respectively).

The IL-4 (p=0.009, p=0.016), IL-5 (p=0.001, p=0.002),
and IL-13 (p=0.001, p=0.006) concentrations significantly
decreased in tears in the evening tear sample only with
contact lens wear in Group 2 and in the combined (% data)
sample. This decrease was not significant in Group 1. For
the combined samples, the cytokines measured in the contact
lens wearers were lower than that of the non-contact lens
wearers. Additionally, the IL-8 concentration (p=0.001,
p=0.016) significantly decreased in tears only in the morning
tear sample with contact lens wear in Group 2 and in the
combined sample (% data). This decrease was not significant
in Group 1 (p=0.326).

The IL-6 (p=0.009), IL-7 (p=0.037), and TNF-a
(p=0.025) concentrations were significantly decreased with
contact lens wear compared to the no-contact lens stage in
Group 1. This change was not observed in either Group 2 or
the combined sample (% data). Additionally, VEGF (p=0.014)
concentrations significantly increased with contact lens wear
compared to the non-contact lens stage in Group 2 only.

With the combined sample (% data), contact lens wear
showed lower IL-1Ra (p=0.044) and G-CSF (p=0.014; in the
evening tear sample only) concentrations. However, these
changes were not observed in the individual groups.

Correlations between cytokine concentrations and comfort
responses: Using the absolute concentration of cytokines
in tears in the individual groups, there was no correlation
between any cytokine and ocular comfort scores of the

TABLE 4. POSITIVE DETECTION RATES OF EACH MEDIATOR IN THE TESTED TEAR SAMPLES.

Mediators Percentage of tear samples which contained
mediators in levels higher than the limit of
quantification*
PDGF-bb, IL-1Ra, IL-4, IL-6, IL-7, IL-8, IL-12p70, G-CSF, IFN-y, >60%

IP-10, MCP-1, VEGF

IL-1f, IL-2, IL-5, IL-9, IL-10, IL-13, MIP-1a, MIP-1, RANTES, TNF-a

IL-15, IL-17, eotaxin, FGF-b, GM-CSF

30%—-60%
<30%

*, limits of quantification are given in Table 1. Abbreviations: IL = interleukin; FGF = fibroblast growth factor; G-CSF = Granulocyte
colony stimulating factor; GM-CSF = granulocyte monocyte colony stimulating facotr; IFN = interferon; IP = Interferon gamma-induced
protein; MCP = monocyte chemoattractant protein; MIP = macrophage inflammatory protein; PDGF = platelet-derived growth factor;
RANTES = regulated on activation, normal T cell expressed and secreted; TNF = tumor necrosis factor; VEGF = vascular endothelial
growth factor
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participants in either group. Nor were there any correla-
tions when the percentage concentrations of cytokines were
analyzed.

Finally, participants in groups 1 and 2 were combined
and split into those who had no ocular comfort decrease
during lens wear, those who had a <15 point ocular comfort
decrease, and those who had a >15 point ocular comfort
decrease. Comparisons between the cytokine levels in tears
for those with no drop in comfort during the day and the >15
point ocular comfort decrease group (Figure 1) showed that
the level of VEGF in tears was significantly increased (using
the log converted data) in tears of the >15 point group either
with (p=0.031) or without (p=0.014) contact lens wear, and
the magnitude of the difference in VEGF was the same with
or without lens wear. Analysis for correlations with cytokine
levels showed that for the log-converted data or the % data
there was a correlation with the VEGF concentration and
ocular comfort for those with >15 point decrease (Pearson’s
r=0.4, p=0.004; r=0.339, p=0.016, respectively). This implies
that participants who had a large ocular comfort decrease
during the day had an increased VEGF concentration in their
tears, but lens wear did not change this effect.

DISCUSSION

The current study aimed to demonstrate whether contact
lens discomfort over the course of a day was associated with
changes to inflammatory mediators in tears. Our results
revealed two important findings, namely, that the decrease
in ocular comfort associated with contact lens wear (over and
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above the decrease in ocular comfort that occurs normally
during the day without lenses) is not related to changes in at
least 15 cytokines, chemokines, and growth factors in tears
and that the multiplex bead assay used in the current study is
not reproducible for a set of 12 tear cytokines.

In the absence of contact lens wear, the ocular comfort
response of both groups significantly decreased during the
day by approximately the same amount (3—4 units). In the
presence of contact lens wear, comfort decreased for both
groups by a greater extent (6—10 units). These numbers
correspond to the 7-8 point difference reported as the just-
noticeable difference in ocular comfort responses for contact
lens wearers [29]. The decrease in ocular comfort during
contact lens wear has been shown in previous studies [17,30]
as has the decrease in ocular comfort in the absence of lens
wear [17]. The increase in ocular discomfort during contact
lens wear has been postulated as one of the major reasons for
contact lens drop-out [31].

The 27-plex kit reproducibly measured the concentra-
tions of 15 cytokines in the two populations studied. Thus, the
hypothesis that changes to ocular comfort with and without
contact lens wear during the day could be correlated with
the concentration of these cytokines in tears was tested.
Interestingly, the majority of the cytokines in tears (G-CSF,
IL-12p70, IL-13, IL-15, IL-1p, IL-1Ra, IL-4, IL-5, IL-6,
IL-7, IL-8, MCP-1, MIP-1a, and TNF-a) were not related to
changes in ocular comfort. Some cytokines changed in the
tears of one population but not the other, or did not change
at all. This emphasizes the need to test different populations
using different batches of test kits. Even when the data were

8.0 B No Comfort Drop
7.0
6.0
5.0
4.0

3.0

2.0

Concentration of VEGF in tears (Ln pg/ml)
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300

Contact lens wear

& Comfort Drop 215units

Figure 1. Differences in the vascular
endothelial growth factor (VEGF)
concentration in tears of symptom-
atic and asymptomatic participants.
Statistical analysis using mixed
linear models demonstrated that
there were significant differences
between the two populations.
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normalized by using concentrations of individual cytokines
as a percentage of the total cytokine concentration, there were
no correlations between these cytokines and comfort. The
only correlation with comfort was for the VEGF concentra-
tion in tears, either the absolute concentration or the relative
concentration. The VEGF concentration was high when there
was a high level of discomfort. Interestingly, when there was
a change in the concentration of cytokines during the day,
the change was often of a smaller magnitude than without
lens wear.

VEGF is a pleiotropic growth factor that can promote the
growth of vascular endothelial cells, induce vascular leakage
and vasodilation (among many other potential activities) [32].
A study by Papas et al. [33] demonstrated that in the absence
of lens wear, limbal redness increases during sleep but does
not change during the day. During wear of low oxygen trans-
missibility lenses, limbal redness increases dramatically after
only 4 h and remains high [33]. In contrast, eyes wearing a
highly oxygen transmissible contact lens showed almost the
same response as those wearing no contact lens [33]. The
current study used a relatively high oxygen permeable lens,
Galyfilcon A. Despite the lack of redness seen clinically, it
may be that VEGF is active during the day and during contact
lens wear promoting sub-clinical vessel leakage that then
leads to symptoms of ocular discomfort. The finding that
ocular comfort during the day was associated with increased
VEGF concentration in tears but was not modulated by
contact lens wear implies that the increased discomfort seen
during contact lens wear is not mediated by VEGF concentra-
tions in tears. The fact that the group with <15 point decrease
in ocular comfort showed no correlation with VEGF may
imply that changes to VEGF in tears are secondary to ocular
comfort changes and not a causative effect, as it might be
expected that there would be a gradual increase in VEGF as
the level of discomfort increased. The correlation between
VEGF and ocular comfort may be simply that, a correlate and
not a causative event.

Several studies have shown that cytokines can be found
in tears during frank inflammation [34-36] and during
dry-eye disease [5,37-42], which may also be an inflamma-
tory disease. These have often used non-multiplex assays, or
multiplex assays from other manufacturers. However, they
also have not been tested for reproducibility between groups
or kits. Assuming at least some of the mediators that have
been assayed in these studies are reproducible, as some are
in the current study, contact lens wear and associated ocular
discomfort are not likely to be an inflammatory condition
since the current study did not find evidence of an increase
in cytokines in tears during contact lens wear. If there is any
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contribution of an inflammatory response, it is likely to be at
levels much reduced compared to dry-eye or other inflamma-
tory conditions. When there were differences in the concen-
trations of cytokines between the morning and evening in the
absence of contact lens wear, when lenses were worn these
differences were muted.

The current study used the Bio-Plex Human Cytokine
27-plex panel bead-assay kit. This antibody-based assay was
designed to measure 27 cytokines and chemokines or growth
factors, and has been optimized to work for serum, plasma,
and tissue culture supernatants (see BioPlex Pro; accessed on
November 22, 2013). This assay has been used previously to
examine the concentration of cytokines in tears of normals
and diabetic patients [43], and a similar multiplex kit from
the same manufacturer was used to measure the concentra-
tion of 17 cytokines in the tears of patients with glaucoma
and control individuals [44]. A study also used a single-plex
assay from the same manufacturer to measure the IL-13
concentration in tears [45]. However, unlike the current study,
none of these previous studies examined the reproducibility
of the assay between groups of different participants. The
finding in the current study that several cytokines did not
give reproducible results using the 27-plex kit is important
to keep in mind when reviewing those previous reports.
Examinations of the reported cytokine concentrations in tears
[46] and the effect of contact lens wear have demonstrated
that the concentrations vary widely between studies [47],
and this may be due to inherent deficiencies in the methods
used to analyze the cytokines. However, without analysis
of the reproducibility of the tests between subject groups,
or between batches of tests, the reproducibility of other test
kits is unknown. Using a different multiplex bead assay from
Luminex (Austin, TX), Huang et al. [48] found good (=0.70)
interclass correlations between 18 tear proteins, including
the cytokines IL-15, IL-1pB, eotaxin, IL-17, MCP-1, IL-12p70,
VEGF, IL-1a, IL-8, and I1-1Ra when the researchers tested
the same participants on different days or between eyes.
This differs in some respects with the analysis in the current
study, although both studies found reproducible concentra-
tions of IL-15, IL-1B, MCP-1, IL-12p70, IL-8, IL-1Ra, and
VEGE. Unlike in the current study, there was relatively poor
reproducibility for the IL-6 concentration in tears in the
study by Huang et al. [48] Tears can contain substances that
may interfere with enzyme-linked immunosorbent assays
such as immunoglobulin components [49] or lysozyme [50],
and these may also be interfering with some of the analytes
used in different protocols or kits. A study used the same
27-plex kit as used in the current study [51] and reported that
the concentration many cytokines in tears that were tested
on two groups varied widely when different contact lens
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multipurpose disinfecting solutions were used. When the
second group was retested for changes to tear cytokines using
the same disinfecting solution as a previous group, apparent
changes to tear cytokines concentrations were not seen with
the second group. The authors [51] also measured comfort
responses during lens wear with different lenses, but did not
attempt to correlate comfort with cytokine concentrations.
Perhaps the issue was that the kits could not reproducibly
measure the level of cytokines in tears. The level of the cyto-
kines RANTES (CCLS5), Eotaxin (CCL11), GM-CSF, IFN-y,
IL-2, and IL-17 did not appear to be reproducible in the paper
by Kalsow [51] or in the current study. Comparison of the
data from the current study to that of Liu et al. from the same
laboratory [43] is also illuminating. These two studies used
identical multiplex assay kits from the same manufacturer
(Bio-Rad). Liu et al. [43] reported low positive detection rates
for IL-17 (20%), TNF-a (27%), and MIP1-a (60%). Although
the present study is in agreement regarding the low positive
detection rate of these cytokines, the present study also found
many other cytokines, reported to be in most samples from
the Liu study, at a much reduced positive rate. The reason for
this discrepancy is unknown, but may be related to different
populations, or the effect of tear storage (discussed in more
detail below). However, the concentrations of all the repro-
ducible cytokines in the current study were at approximately
the same concentration in the study of Liu et al. [43], with the
exception of G-CSF, which was approximately 7—8 times less
concentrated in the present study. The study by Liu et al. [43]
using the same multiplex kit demonstrated excellent recovery
rates (68—113%) for spiked samples for most of the reproduc-
ible cytokines from the current study, with the exception of
C-CSF which had a recovery rate of only 27% (they did not
report recovery rates for TNF-a, IL-17, or MIP-1a) [43].

This study had several limitations. There is, of course,
the possibility that participants induced reflex tearing
on some occasions when they were collecting their tears.
Although we did perform rigorous training in tear collec-
tion, and asked participants to immediately stop collection
if they felt they were producing reflex tears, since the tears
were collected by the participants in their own homes we
could not control for this. As stated, the tears were analyzed
for the secretory immunoglobulin A (sIgA) concentration in
tears as the concentration of this protein is known to vary
between reflex and basal tears [18]. Even if the concentra-
tion of cytokines was normalized to the concentration of
slgA, the cytokines that showed inconsistencies were still
inconsistent. Thus, although reflex tearing may be a problem
inherent in the study design, our best efforts to control for
this did not seem to affect the problems encountered with
concentrations of certain cytokines between groups. Tear
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samples were pooled over the 10 days of collection into those
collected in the morning and those collected in the evening
for each individual. The decision to pool tears collected in the
morning or evening from individuals was taken so that the
tears could also be used in other assays (not reported herein)
that required more sample volume than the multiplex bead
assay. This may have masked some variations that could have
resulted in additional correlations to comfort. However, the
fact that the change in comfort response for an individual
during the day over the 10 days showed no significant differ-
ences suggest that a participant’s comfort response over the
10 days was consistent. Thus, we assumed that there should
then be consistent changes in cytokine levels if they were
related to the comfort response. This means that it would
be expected that, if changes in cytokine concentrations are
correlated with changes in comfort, the changes over the
10-day collection period should be similar, since the comfort
change for an individual was similar.

The study examined comfort and changes in tears over
several days, and thus, participants were required to store
their tears in their home freezers. These may have been of the
“frost-free” variety where freezers go through freeze—thaw
cycles to reduce the buildup on ice. This may have affected
the quality of the tears collected. However, since the tear
cytokines IL-6, IL-12p70, IL-13, IL-15, IL-1B, IL-1Ra, IL-8,
MCP-1, and VEGF were within the same concentration range
as a previous study where tears were collected and stored
at the clinic [43], and the IgA concentration was within
the normal range expected, this may not a major concern.
Nonetheless, the discrepancies between the percentage of
samples positive for cytokines between the current study
and a previous study from the same group where samples
were collected in the clinic [43] may indicate some cause
for concern. An alternative explanation for the differences
between percentage positive samples is that the current
study used predominantly Caucasian participants living in
Australia, whereas the study by Liu et al. [43] used exclu-
sively Chinese participants living in China. The IgA level
detected in tears had a large range between participants (i.e.,
large standard deviation in the populations). This may imply
that some participants collected reflex tears, but even when
the concentration of cytokines was calculated per milligram
of IgA, this did not produce new correlations with comfort
scores. However, in future experiments it may be desirable to
collect tears individually (avoiding pooling) and collecting in
the clinic so that tears could be stored at —80 °C immediately
to avoid any issues, if present, with collecting reflex tears and
freeze—thawing of the samples during storage.
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In conclusion, this study has shown that ocular comfort
decreases during the day and that contact lens wear exac-
erbates this decrease in comfort. However, there was no
evidence that this change in ocular comfort, or contact lens
wear in general, was associated with a change in the concen-
trations of 15 cytokines, chemokines, or growth factors in
tears. Contact lens wear might induce changes to levels of
these inflammatory mediators in the ocular tissues that are
not released into the tear film. However, it seems equally
likely that contact lens wear is not associated with increases
in these mediators, and thus not associated with the produc-
tion of inflammation. Even when cytokine levels increased
during the day, the difference in concentration (percentage)
of the cytokines between morning and evening tears was
less than when lenses were worn. In addition, this study
emphasizes the need to perform tests on the reproducibility of
methods for measuring cytokine concentrations, and possibly
other proteins, in tears.
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