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ABSTRACT

Background and Objective
To investigate changes in ocular surface inflammatory markers after daily and overnight silicone hydrogel
contact lens wear in healthy wearers.

Material and Methods

Twenty-six subjects experienced with soft contact lenses were evaluated at baseline, after 1-day of silicone
hydrogel lens wear, and after 1-night of wear. Basal tears were collected at each visit and tear cytokine
concentrations were quantified using multiplex, bead-based [interleukin (IL)-1B3, IL-6, IL-10, IL-
12(p70), IL-17A and tumour necrosis factor (TNF)-a] or ELISA (IL-8) kits. A historical control group
of 27 non-contact lens wearers was used to compare absolute concentrations and diurnal variations in
tear cytokine concentra-tions. Changes in cytokine concentrations were analyzed using linear mixed
models. Linear regression with bootstrapping was used to assess whether changes in IL-1j
concentrations were associated with changes in other cytokines.

Results

IL-8 concentrations decreased after 1 day of silicone hydrogel contact lens wear and returned to baseline
levels the next morning (p=0.04). This same diurnal fluctuation was seen in non-contact lens wearers
(»=0.03). With daily contact lens wear, there was a significant positive correlation between the changes in
IL-1B and IL-8, TNF-q, IL-10 and IL-12(p70) (all p<0.03). With overnight contact lens wear, there were
significant positive correlations between the changes in IL-1P and IL-6, IL-17A and TNF-a (all p<0.01).

Conclusion
A short period of daily and overnight silicone hydrogel lens wear does not significantly alter the inflam-
matory status in adapted soft contact lens wearers.

Key Words: tear cytokines, silicone hydrogel contact lens wear, overnight wear, multiplex

Over 140 million people worldwide use soft infection. In fact, overnight wear of silicone hydro-
contact lenses' and it is expected that the number of  gel lens materials have been identified as one of the
contact lens wearers will continue to rise due to the primary risk factors for corneal infiltrative events.*®
increasing prevalence of refractive error and the fact Cytokines are inflammatory mediators and are
that myopia control treatments may be delivered via expressed by ocular surface cells and help maintain
soft contact lenses.>* Despite improvements in con-  ocular health.” However, changes to the normal pro-
tact lens materials and solutions, contact lens wearis  duction of inflammatory molecules during contact
still associated with ocular surface inflammation and lens wear may predispose wearers to developing
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chronic or acute inflammation. The concentrations
of cytokines in tears have been shown to change with
routine daily wear of hydrogel contact and during
contact lens-related inflammatory events.'®* Some
studies reported that the concentrations of interleukin
(IL)-6 and IL-8 in tears increased during daily wear
of hydrogel or silicone lenses.'”'! However, another
study of silicone hydrogel lens wearers reported that
the concentrations of I1L.-6 and IL-8 did not change
during daily wear of lenses, but there were reductions
in the concentrations of IL-1p and IL-12(p70).'* To
date, no study has examined changes in the concen-
tration of cytokines in tears after overnight wear of
silicone hydrogel lenses.

The primary aim of this study was to investigate
change in cytokines in tears during a short period of
daily and overnight wear of silicone hydrogel lenses
in healthy adapted soft contact lens wearers. We also
aimed to explore differences in individual responses
to contact lens wear and relationships between various
inflammatory mediators.

METHODS

Prospective Study

A prospective, single-site study was carried out
between June 2014 and August 2015. The study was
registered on ClinicalTrials.gov with the identifier
NCT-02186431. The Institutional Review Board at the
State University of New York, College of Optometry
(SUNY Optometry) approved the protocol and
the study followed the tenets of the Declaration of
Helsinki of 1975 (revised in 2004). Written informed
consent was obtained from all subjects before their
participation in the study.

Subjects were recruited from SUNY Optometry
and surrounding communities through flyers, email
and web advertising. Subjects were full-time daily
wear soft contact lens wearers (wore contact lenses
for at least 1 year, 5 or more days per week, at least 6
hours per day, and denied overnight wear). Subjects
were between the ages of 18 and 30 years. Exclusion
criteria included astigmatism of more than 1.25 diopters,
smoking, history of refractive surgery, self-diagnosed
or practitioner diagnosed dry eye, history of ocular
or systemic disease likely to affect the ocular surface

(e.g., thyroid disease, diabetes), use of anti-inflammatory
medications, punctual plugs, self-reported pregnancy
during the study period, or significant corneal staining
or ocular inflammation found at the baseline visit.
There were three study visits conducted within
24 hours: baseline with no lens wear (Visit 1), after
4 to 6 hours of daily lens wear (Visit 2), and after
one full day and night of lens wear (Visit 3). Sub-
jects were instructed not to wear contact lenses for
at least 24 hours prior to Visit 1. Visits 1 and 3 were
conducted between 8 am and 11 am, and Visit 2 was
conducted between 12 pm and 4 pm. During Visit 1,
subjects’ general health information and contact lens
history were obtained. An anterior segment slit-lamp
examination was conducted to confirm the health of
the ocular surface, including lids, lashes, palperbral
conjuctiva, tear film, caruncle and corneal and
recorded as either normal or abnormal. The
presence of corneal vascularization or corneal scar
was also assessed. A slit lamp examination was also
conducted at Visit 3 to document any changes due
to continuous wear. After tear collection at Visits 1
and 3, sodium fluorescein dye (FUL-GLO, Moore
Medical, Connecticut, USA) was instilled and staining
was scored using the National Eye Institute/Industry
(NEI) grading scale.'® The sum of all regions in both
eyes was added to obtain a total score (range 0 — 30).
At Visit 1, after tear collection and ocular surface
examination, subjects were fitted with Senofilcon A
contact lenses (Acuvue Oasys, base curve 8.4 mm,
Johnson & Johnson Vision Care, Jacksonville, FL)
bilaterally and were asked to continuously wear the
contact lenses until Visit 3. Senofilcon A material was
selected because it is one of the most commonly pre-
scribed silicone hydrogel lens materials in the United
States and is FDA approved for overnight wear.'®
At all three visits, non-stimulated tears were
collected from both eyes using glass capillary
tubes (Blaubrand intraMARK; BRAND GMBH,
Wertheim, Germany).'” A total of 1020 uL tears were
collected. To ensure that basal tears were collected,
only tears with a flow rate of less than approximately
3 pL per minute were kept.'® Tears were centrifuged
to remove debris and stored in a —80°C freezer until
analysis. Custom multiplex assays (X-plex format;
Human cytokine group 1: IL-1f3, IL-6, IL- 10,
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IL-12p70, IL-17A, TNF-0; Bio-Rad Laboratories
Inc., Hercules, CA) were used to analyze the tear
samples following the manufacturers’ protocols and as
previously described' using a 1:10 dilution in PBS.»’
Due to the higher concentrations of IL-8 in tears, a
Human IL-8 UltraSensitive ELISA Kit (Invitrogen
Corporation, CA; detection limits: <100fg/mL) was
used to quantify IL-8 in tears after a 1:200 dilution
in sample diluent. Samples were tested in duplicate
for both the multiplex and standard ELISA assays if
tear volumes were sufficient. To determine recovery
rates of cytokines in samples, a previously published
method was used.'” The recovery rate of each cyto-
kine was calculated to determine the reliability to
detect cytokines using the following equation
(A= concentration of known standard and in tears;
B = concentration of known standard; C = concentra-
tion in tear sample):'*!’

- A
Recovery Rate = ((B><108+C><12) x100%
120)

Based on data from a previous study,'* a sample
size of 25 was required to provide sufficient power
(Power=0.8, 0=0.05) to detect a 20% difference in
the concentration in tears of IL-6, IL-8, IL-12(p70)
or TNF-o. between study visits.

Historical Control Group

In order to examine the effect of contact lens wear
distinct from typical diurnal fluctuations, we utilized
data from our previous study.'* The historical control
group was comprised of 27 non-contact lens wearers
with mean age of 25.5 + 8.5 years; 60% of subjects
were female. As in the prospective study, non-stimulated
tears were collected in the morning and evening using
glass capillary tubes.'* Tear cytokine concentrations
in the historical study were also analyzed using
multiplex assays (Bio-Plex, 27-plex panel, including
IL-1B, IL-6, IL-8, IL- 10, IL-12p70, IL-17A, TNF-a,
Bio-Rad Laboratories, Inc, Hercules, CA).

Statistical Analysis

Data were analyzed using SPSS version 22 (SPSS
for Mac, Chicago, IL). Descriptive statistics were
reported as mean + standard deviation or median and
range, as appropriate. Tear cytokine concentrations

were calculated and compared for Visit 1 and 2 (effect
of daily wear) and Visit 1 and 3 (effect of overnight
wear) using linear mixed models. Post-hoc comparisons
were carried out with Visit 1 as the reference category
using a least significant difference (LSD) adjustment
for multiple comparisons. Mann-Whitney U test was
used to assess differences in tear cytokine concentra-
tions between the current contact lens wear cohort
and our historical non-lens wear controls. Wilcoxon
Signed Ranks tests were carried out to examine the
changes in corneal staining between Visit 1 and 3 and
to compare diurnal changes in tear cytokine concen-
tration in historical control group.

To explore the role of IL-1, as a key orchestrator
of the inflammatory response,”**' IL-1B was assigned
as the independent variable for linear regression to
assess the likelihood that the concentration of other
cytokines (dependent cytokines) would also change
as the concentration of IL-1 changed. To account
for skewed distribution in some variables, 90% con-
fidence intervals were determined by bootstrapping.
The results of the linear regression are reported as the
regression coefficients (+ standard error), p-values
and adjusted R*values. Participants with values in the
80™ percentile of the distribution for both independent
and dependent cytokines were also reported. Results
were considered significant when p-values were less
than 0.05.

RESULTS

A total of 26 subjects completed the prospective
study, of which 5 were men and 21 women (aged 23.7
+ 1.5 years). Subjects reported an average contact lens
washout time of approximately two days (43.5 = 14.0
hours) prior to Visit 1. The average daily wear time
was 5.1 £ 0.7 hours prior to Visit 2. Overnight wear
time was 7.1 £ 1.4 hours. Subjects reported to Visit 3
approximately 1.9 + 1.3 hours after awakening and
had an average total wear time of 23.1 + 0.4 hours
(21.6 — 24.0 hours) from Visit 1 to Visit 3. All subjects
that were included in the study had no significant
anterior slit lamp findings at both visits. Corneal
staining was not significantly different between Visit
1 [0(0-2)] and Visit 3 [1.0-(0-3)] (p=0.15). No
adverse events were reported in the study.
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All subjects were established (> 1 year of wear) and
regular (> 4 days/week) soft CL wearers. Of the 26
subjects, 9 subjects wore monthly lenses (AirOp-tix and
Biofi nity), 9 wore biweekly lenses (Acuvue Oasys and
Acuvue Advance), and 8 wore daily disposable lenses
(Acuvue Moist, Acuvue True Eye, Proclear 1-Day,
Dailies Total 1). Of the subjects that wore reusable
lenses, 12 used multipurpose solution (Opti-Free, Biotrue
and generic brands), 5 used hydrogen peroxide solution and
one subject used a combination of hydrogen peroxide and
multi-purpose solution.

All six cytokines could be detected in the samples of

the majority of subjects (range: 91-100% of samples).
The cytokine recovery rates ranged between 71 and
115% for all cytokines, similar to previously reported
data using multiplex assays.!” The absolute concentra-
tion of the tear cytokines are presented in Table 1. The
concentration of IL-8 changed significantly over time
(overall p = 0.04), with a decrease of approximately
50% after one day of wear (Visit 1 to Visit 2, p = 0.04)
and returned to baseline after one night of wear (Visit 1
to Visit 3, p = 0.79). The concentration of the other
cytokines in tears was not significantly different from
baseline (Visit 1) after either one day (Visit 2) or one
night (Visit 3) of continuous lens wear (all p = 0.06).

Comparing the prospective contact lens wear
group to the historical non-lens wear controls, there
were no significant differences in sex (p = 0.66) or
age (p = 0.80). There were no significant differences
between non-lens wearers’ and lens wearers’ morning
tear cytokine concentrations (Table 1, CL Visit 1 vs.
NCL AM), except for IL-10, which was higher in the
contact lens wear group (p < 0.001). Similarly, only
IL-8 (p = 0.02) and IL-10 (»=0.02) concentrations
were different in the evening tear samples (Table 1,
CL Visit 2 vs. NCL PM). IL-10 was again higher in
contact lens wearers but IL-8 was higher in the non-lens
wear group. IL-8 decreased by approximately the same
percentage (50%) from morning to evening in both
non-contact lens and contact lens wearers (Table 1).

There were significant correlations between the
change in the concentration of IL-1f and the change
in concentrations of IL-8, IL-10, IL-12(p70) and
TNF-a after daily wear (Table 2). For overnight wear,
there were significant correlations between the change
in the concentration of IL-1P and IL-6, IL-17A and
TNF-o (Table 2). The significant correlations (ad-
justed R?) ranged from 0.22 to 0.66, with IL-12p70
and 17A showing the highest correlations. With daily
wear, two participants with changes in the 80" or

Table 1. Absolute Concentrations of Cytokines (Pg/MI) for the Prospective Study of Contact Lens Wearers and
Historical Control Group of Non-contact Lens Wearers. P-Values Indicate Differences between Study Visits.

Cytokine CL Visit 1 CL Visit 2 CL Visit 3 p-values+ NCL NCL p-valuesh
(AM) (PM) (AM) (AM) (PM)

IL-8 418+538 208+198 445+347 0.04 8861775 | 400 +233 0.03
IL-1B 29+15 32+17 27%15 0.47 30+13 32+18 0.78
IL-6 77%62 75157 81£86 0.58 75+43 92+48 0.54
IL-10 54443 50+37 56x41 0.54 17+11 24+16 0.30
IL-12(p70) 151+81 161+86 149+74 0.76 180+100 219+152 0.64
IL-17A 234+173 2941246 202+137 0.06 172+136 222+183 0.64
TNF-a 228+144 293+212 247+206 0.35 239+192 299+248 0.68

IL = Interleukin, TNF = o: tumour necrosis factor-o; CL = contact lens wearers in this current cohort; NCL = non-contact lens wearers

in our previous study; AM = morning measurement; PM = evening measurement; + = comparison between CL V1, 2 and 3;

A = comparison between NCL AM and PM. Bold indicates significant levels of 0.05.
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greater percentile for IL-10 also had changes to IL-8,
IL-12p70 and TNF-a. (subjects 4 and §; Table 2). With
overnight wear, two participants had increases

above the 80™ percentile in the concentration of IL-
1B and IL-6 and IL-17A (subject 8 and 25).

DISCUSSION

This study found little change in tear cytokines after
nearly 24 hours of continuous silicone hydrogel contact
lens wear. The levels of tear cytokines in contact lens
wearers were generally consistent with our historical
control group of non-contact lens wearers, indicating
that a short term of daily and overnight wear may not
significantly alter the inflammatory status of the ocular
surface in healthy established wearers. This study also
provided evidence of the relationship between IL-1[3,
a key orchestrator of the inflammatory response,”’ %>
and other tear cytokines and highlighted some potential
differences in individual responses.

The concentration of IL-8 in tears decreased after
one day of contact lens wear (Visit 2) and returned to
baseline levels the next morning (Visit 3). The same

diurnal fluctuation was noted in our non-contact
lens control group. Uchino et al.> reported that the
concentration of IL-8 in tears of healthy non-contact
lens wearers remained constant throughout the day,
but Thakur et al.* found that IL-8 significantly in-
creased during sleep in adapted contact lens wearers,
which agrees with our finding of higher levels at Visit 3.
IL-8 is a chemokine for neutrophils, thus a diurnal
fluctuation in IL-8 is part of the body’s natural defense
of the ocular surface during sleep.”* This study found
that the concentrations of other tear cytokines did not
change significantly after daily or overnight silicone
hydrogel contact lens wear. Data from the historical
non-contact lens wearers group suggest that there are
no other expected diurnal fluctuations in the cytokines
we studied.

Thakur et al.** reported no significant change in
the concentration of IL-6 in tears after sleeping in
hydrogel contact lenses, similar to the findings in
this study. However, Poyraz et al'' reported increased
concentrations of IL-6 in tears with daily wear of
silicone hydrogel lenses. It’s important to note that

Table 2. Relationships Between IL-1 Concentration and Other Cytokines

Reeression Subject (study number)
Independent Dependent value coeg ficient Adjusted with concentrations
Cytokine Cytokines P R? above 80™ percentile for
(standard error) .
both cytokines
IL-8 0.03 0.33 (0.14) 0.22 4,8
IL-6 0.29 0.11 (0.10) 0.14 -
IL-1B
concentration in IL-10 <0.001 1.50 (0.20) 0.58 4,20
tears collected after | 11_12(p70) <0.001 2.47 (0.31) 0.62 4,8
daily wear of lenses
IL-17A 0.20 0.54 (0.40) 0.14 -
TNE-a <0.001 0.57 (0.15) 0.39 4,8
IL-8 0.64 -0.15(0.31) 0.04 -
IL-1B IL-6 0.01 0.87 (0.31) 0.30 8,25
concentration in IL-10 0.13 0.86 (0.55) 0.17 -
tears collected after
overnight wear of | 1L-12(p70) 0.32 1.37 (1.35) 0.19 -
lenses IL-17A <0.001 2.17 (0.34) 0.64 8,19,25
TNF-a <0.001 1.36 (0.34) 0.46 25

IL = Interleukin; TNF- o = tumour necrosis factor-a.
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Poyraz et al'' examined neophyte lens wearers over
the first six months of lens wear, whereas the current
study used subjects who had at least one year of lens
wear experience.

Other factors have also been reported to be differ-
ent in the first 6 to 12 months of lens wear, including
the binding of Pseudomonas aeruginosa to exfoliated
corneal epithelial cells? (greater for up to six months
of lens wear then returning to baseline levels) and risk
of experiencing microbial keratitis (higher risk in the
first six months of lens wear).*

Differences in tear cytokine concentrations
between lens wearers and non-lens wearers could
not be found in this study. Our findings are consis-
tent with Dogru et al*’ which found no significant
differences between IL-8 or IL-10 in neophytes at
baseline versus two weeks of daily hydrogel contact
lens wear. Willcox et al.'* reported a decrease in the
concentration of IL-13 and IL-12(p70) after daily
disposable silicone hydrogel lenses wear. Willcox
et al.' also reported a decrease in concentrations of
TNF-o with daily wear of silicone hydrogel lenses
compared to concentrations during the no-contact lens
stage. Again, it is important to note that Dogru et al*’
examined only neophyte lens wearers, Willcox et al.'*
examined a combination of neophytes and established
lens wearers, while the current study examined only
established lens wearers. To our knowledge, this is
the first study to examine diurnal variation and the
differences in tear concentrations of IL- 17A in soft
contact lens wearers and non-wearers. Taken together,
these studies suggest that further research is needed
to examine subjects as they first enter into daily and
extended lens wear and then become adapted lens
wearers so that we may better understand the initial
ocular response and adaptation to contact lens wear.

In addition to understanding the general ocular
inflammatory response, it is also important to un-
derstand individual differences in the inflammatory
response. The results of this study suggest that certain
individuals may respond with a much larger change of
tear cytokines as a result of contact lens wear. Genetic
studies by Carnt et al.?®?° and Keijser et al.** have
shown that differences in certain single nucleotide
polymorphisms (SNPs) of [IL-6, IL-10 and IL-12(p70)

were associated with increased susceptibility and
severity of keratitis. This is the first study to report
that some individuals may also have increased levels
of cytokines produced at the ocular surface and this
increase may be driven by the production of IL-1[.
Two participants had much higher concentrations of
IL-1B and IL-8, IL-12(p70) and TNF-o with daily
wear, and two participants had higher concentrations of
IL-1B, IL-6, IL-17A and TNF-o with overnight wear.
A higher correlation of IL-1B and TNF-a in daily
and overnight wear may suggest an overall greater
inflammatory response since 1L-8, IL-12(p70) and
TNF-a are also pro-inflammatory mediators.”>! A
higher correlation of IL-1f3 and IL-17A in overnight
wear but not daily wear is likely because of the role
of IL-17 on initiation and modulation of neutrophils,
which increased significantly during sleep, on the
ocular surface apart from modulating proinflamma-
tory responses.*>** These high responders were not
outliers in their baseline measurements (Visit 1), it is
only their change in cytokine levels following contact
lens wear that were exceptionally high. It could be
informative to perform studies on subjects with a
history of corneal infiltrative events to explore the
hypothesis that patients with higher inflammatory
responses may be more likely to experience contact
lens-related inflammatory complications.

The washout period needed to return a person’s
tear level to “baseline” from contact lens wear is
unknown. A washout period of 1 day to 1 month has
been used in contact lens-related studies.'***** Our
group has previously shown that 1 week washout of
contact lens wear did not affect the examined tear cy-
tokine concentrations.*® Although more than a month
washout period may be required for the inflammatory
cytokines return to pre-contact lens wear level. It was
not feasible to have subjects refrain from CL wear
for months. Research in animal models described the
complex process of corneal epithelial wound healing
in three stages: the first two are complete in under
36 hours and the third stage can take months. The
average washout time in this study corresponded to
expected completion of stage 1 and 2, and there was
little to no epithelial damage seen at Visit 1 for all
subjects.
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A limitation of this study is the use of a historical
non-contact lens wearer control group. Tear cytokine
concentrations can vary across studies due to the use of
different techniques, including different analysis plat-
forms and collection methods.'*!"*® Although collection
methods were the same, the use of a multiplex versus
ELISA assays could have magnified differences in IL-8
concentrations seen between contact lens wearers in
the prospective cohort and non-contact lens wearers
in the historical cohort. Future studies are warranted
to examine potential differences in IL-8 and IL-10
between non-contact lens wearers and contact lens
wearers. Furthermore, this study only subjectively
indicated the presence of abnormal or normal slit
lamp findings at Visit 1 and Visit 3. Future studies
should include quantitative data such as Schirmer’s
value and giant papillary conjunctivitis grading to
describe the ocular surface status.

CONCLUSION

This study suggests that, for established healthy
contact lens wearers, short-term silicone hydrogel daily
or overnight wear does not have a significant effect on
ocular surface inflammatory status. Future studies are
needed to explore potential changes in other inflamma-
tory biomarkers, and individual responses to contact
lens wear including those wearers with a history of
inflammatory events. A better understanding of both
the general and individual immunological response
of the ocular surface to soft contact lens wear could
help identify wearers at higher risk for complications.
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