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Abstract

 Purpose—This study investigated changes in selected tear cytokine concentrations (IL-1β, 

IL-1Ra, IL-6, IL-10, IL-12(p70) and TNF-α) following a 1-week washout from soft contact lens 

wear (CLW), and the repeatability of cytokine measurements using custom Multiplex assays.

 Methods—A total of 10 subjects completed this 6-visit (immediately following contact lens 

removal, and after 1, 2, 3, 4 and 7 (±1) days without CLW) pilot study. Approximately 20–30μl of 

pooled basal tears were collected from both eyes at each visit. Two custom Multiplex assays were 

used by 2 operators to quantify the concentration of tear cytokines. Tear samples from subjects 1–

6 were analysed using the first kit by operator 1. Tear samples from subject 7–10 plus additional 

tear samples from subjects 1–5, which were used to determine between-kit/operator repeatability, 

were analysed using the second kit by operator 2. Linear mixed models were used to determine 

changes in tear cytokine concentrations over time. Between-kit/operator and within-kit/operator 

repeatability was assessed using a Bland and Altman analysis.

 Results—There were no significant changes in tear cytokine concentrations over a 1-week 

washout of CLW. More than 99% of the tear samples had detectable levels of cytokines using 

custom Multiplex assays. Within-kit/operator repeatability was good, but between-kit/operator 

repeatability was poor; likely due to protein degradation, differences in operator experience and 

operating procedures.

 Conclusion—A washout period may not be necessary when evaluating changes in tear 

cytokines with new contact lenses or lens care products. A well-trained operator using 

standardized operating procedures can produce repeatable measurements using custom Multiplex 

assays.
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 Introduction

A range of pro-inflammatory cytokines can be detected in human tears and the relationship 

with ocular surface inflammation is beginning to be identified. Tear pro-inflammatory 

cytokines, including interleukin (IL)-1β, 6, 12(p70) and tumor necrosis factor-α (TNF-α) 

promote the inflammatory response on the ocular surface, and are detected in dry eye1–4, 

ocular allergy,5 bacterial keratitis,6 graft versus host disease7 and contact lens wear.8–11 

Specifically, mature IL-1β is involved in upregulating inflammatory cellular activity and 

defending the ocular surface against infection.12–16 IL-6 and TNF-α also regulate 

inflammatory cells on the ocular surface to defend against pathogens and promote epithelial 

wound healing.17–21 IL-6 stimulates activation of cytotoxic T cells and the expression of 

intercellular adhesion molecule.16 TNF-α stimulates the acute phase reaction, reacts with 

other cytokines (IL-1 and 17a), and leads to pathogen apoptosis.6,16,22 IL- 12 is a potent 

regulator of T-helper type 1 (Th1) cells which help to eliminate bacteria on the ocular 

surface.23,24 Other cytokines in tears include inhibitory factors, including IL-1Ra and IL-10. 

IL-1Ra inhibits the activity of IL-1β by binding to the Type 1 IL-1 receptor.25 IL-10 

downregulates IL-12, TNF- α, and IL-8, but not IL-6.23

Many inflammatory proteins on the ocular surface are upregulated with soft contact lens 

wear.26–29 For example, higher tear concentrations of TNF-α were found in rigid contact 

lens wearers compared to non-lens wearers.30 A few studies show that IL-6 and 8 increased 

significantly after daily disposable or reusable soft contact lens wear.8,9,31 A period of 

washout from contact lens wear or ocular drop use has been suggested to return the ocular 

surface to a “baseline” state prior to further study.27–29 A washout of between one day and 

one month has been used in studies of the impact of contact lenses and lens care products on 

the inflammatory state of the eye, but there is no evidence to support the need for, or 

appropriate duration of, a washout period.27–29

Repeatability and reproducibility of Multiplex assays using tears have been previously 

reported, including intra-assay with different dilutions,32 and intra- and inter-day variation.33 

In healthy non-contact lens wearers and dry eye subjects, the day to day and diurnal 

differences in tear IL-1Ra,33,34 IL-633 and IL-834 were stable, whereas diurnal variation was 

significantly higher in IL-10 and IL-1β.33

This study aimed to investigate the time course of changes in tear cytokine concentration 

following contact lens removal, and the reproducibility of cytokine measurements using 

Multiplex assays.

 Methods

A prospective pilot study was carried out between December 2014 and February 2015. A 

convenience sample of 10 subjects was enrolled in this pilot study. The study followed the 

tenets of the Declaration of Helsinki. The Institutional Review Board at the State University 

of New York, College of Optometry (SUNY Optometry) approved the research before data 

collection began. Written informed consent was obtained from all subjects prior to their 

participation in this study.
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Adult subjects were recruited from the faculty, staff and students of SUNY Optometry. Only 

full time soft contact lens wearers (who wore contact lenses for at least one year, more than 

5 days per week, 6 hours per day) were recruited. Exclusion criteria included a prior history 

of refractive surgery, self or practitioner diagnosis of dry eye, ocular or systemic disease 

likely to affect the ocular surface [e.g. thyroid disease, diabetes], ocular treatment with anti-

inflammatory medications, and pregnancy during the study period. No eye-drop or eye-wash 

use was allowed during the study period.

There were six study visits (baseline, and after 1, 2, 3, 4 and 7(±1) days without contact lens 

wear. All study visits were conducted between 12pm and 7pm, within a 3 hour visit window 

for each subject in order to minimize diurnal variation in tear cytokine levels.29,33 At the 

baseline (first) visit, general health and contact lens history information was queried. 

Subjects were asked to wear their contact lenses to the first study visit and remove them just 

prior to the slit lamp examination. An anterior segment slit lamp examination was conducted 

at visits 1 and 6 to assess the presence or absence of lid flakes, lid margin notching, matted 

lashes, discharge, bulbar and limbal redness, papillae and follicles, corneal and conjunctival 

edema, corneal vascularization or scaring. Tear collection was conducted at each visit as 

described below. After tear collection at visits 1 and 6, sodium fluorescein dye was instilled 

to assess corneal surface staining using the Cornea and Contact Lens Research Unit 

(CCLRU) scale.35 The total staining score was the sum of all five corneal regions.

At each visit, approximately 20–30 microliters (μl) of pooled basal tears from both eyes 

were collected from the lateral canthus using disposable glass capillaries (Blaubrand 

intraMARK, Wertheim, Germany) taking care to avoid touching the conjunctiva. To ensure 

the basal tears were collected, the tears with the flow rate of <4μl/minute were only 

collected. The collected tears were expelled from the glass capillary into an extended 

capacity centrifuge tube using a tear pump and centrifuged at 4000 rpm for 5 minutes at 4°C. 

Collected tears were transferred to a new extended capacity centrifuge tube, leaving any 

cells or lipid debris at the bottom of the tube. In order to optimise the analysis of tear 

cytokine levels, a 1:10 dilution was utilized.32,36 A described previously,32 twelve μl of tears 

were required to allow duplicates for the analysis (6μl per well).The 12μl of tears were 

diluted with 108 μl of 0.55% Bovine Serum Albumin (BSA) in the provided sample buffer 

and stored at −80°C until analysis. Each diluted sample was incubated at −80°C for at least 

24 hours before Multiplex assay analysis since pre-dilution of samples has been 

demonstrated to provide better repeatability.32,36 A total of 50μl of the diluted samples were 

allocated to each well with the additional 10μl prepared for potential loss during pipetting. A 

multi-channel pipette was used to distribute the samples and assay buffers into the wells. A 

Bio-Rad Multiplex assay (Bio-rad Laboratories Inc., CA, USA) was selected because of the 

low coefficients of variation and good sensitivity for low concentration cytokines in 

tears.32,37 Custom Multiplex assays (X plex format, Human cytokine group 1, 6 factors: 

IL-1β, IL-1Ra, IL-6, IL-10. IL-12p70 and TNF-α) were analyzed the tear samples following 

the manufacturers’ protocols. According to the manufacturer, modified limits of detection 

(pg/ml) were: IL-1β 0.03, IL-1Ra 4.17, IL-6 0.44, IL-10 0.13, IL-12p70 0.63, TNF-α 0.22. 

The beads were counted and analyzed in Bio-Plex® Magplex™ Multiplex reader (Bio-Rad, 

CA, USA) and standard curves of known concentrations of each cytokine were used to 

calculate the concentration in the tear samples. The percentage of cytokine recovery was 
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also calculated as the expected concentration of the cytokines divided by the observed 

concentration of the cytokines times 100 using the Multiplex software.

The tear samples from subjects 1 to 6 were analysed using one custom Multiplex kit (kit 1) 

by operator 1 and a month later when tear collection of subject 7–10 was completed, 

samples from subjects 7 to 10 were analysed using a second kit (kit 2) by operator 2. To 

examine the between kit/operator repeatability, extra tear samples from subjects 1–5 (17 

samples in total) were also allocated in the second kit. The same protocol was followed for 

both kits but the procedures were conducted by different operators (kit 1-operator 1; kit 2-

operator 2).

 Statistical analysis

Data were analyzed using SPSS version 22 (SPSS for Mac, Chicago, IL), and significance 

was considered when p values were less than 0.05. A convenient sample size of 10 subjects 

was included in this study. Linear mixed models were used to assess changes in tear 

cytokine concentrations over time. Where significant overall mean change was found, post-

hoc comparisons were conducted to examine mean changes between visits. Fisher’s Exact 

Test was carried out to assess the presence or absence of clinical signs between visit 1 and 

visit 6. Wilcoxon Signed Rank test was carried out to examine the difference in corneal 

staining between visit 1 and 6.

Seventeen tear samples were used to assess between-kit/operator repeatability while 31 for 

kit 1/operator 1 and 21 samples for kit 2/operator 2 were used to assess within-kit/operator 

repeatability. Bland and Altman analysis was used to assess between- and within-kit/

operator repeatability. For between-kit/operator repeatability, the results were plotted as per 

Bland and Altman38,39 and the coefficient of repeatability (CoR = 1.96*SD) was calculated 

from the bias (mean of the difference between kit 1/operator 1 and kit 2/operator 2) and the 

limits of agreement (LoA = bias ± 1.96*SD of the differences between 2 kits/operators). The 

CoRs of the cytokine levels indicate that 95% of the differences between 2 kits/operators can 

be expected to lie between the limits of agreement. For within-kit/operator repeatability, 

bias, CoR and LoA were calculated between repeat measurements. The Wilcoxon signed 

rank test was used to examine the differences in tear cytokine concentrations between two 

repeats within- and between-kits/operators.

 Results

Five males and five females, aged 21 to 56 years (Mean [±SD], 25.6 [±6] years) completed 

the study. Four reported use of daily disposables contact lenses and the other six were 

wearers of monthly reusable contact lenses. Fifty-nine tear samples were available for 

analysis as the tear volume of one sample (subject 1, visit 3) was less than 6μl. All samples 

were detectable in the Multiplex assays except for 1 (subject 10, visit 2), for which the 

concentrations of IL-10 and IL-12(p70) were beyond the linear range of detection. All 

detectable measured tear cytokines were within the middle range of the standard curves, 

which demonstrates that they were well within the detection range of the kits. The recoveries 

of the cytokine concentrations in both kits were between 95 and 103%, indicating that the 

kits were sensitive and reliable.

Chao et al. Page 4

Eye Contact Lens. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



 Between-kit/operator repeatability

Seventeen tear samples from 5 subjects were available for between-kit repeatability. One 

sample (subject 4, visit 3) was later excluded due to low bead counts (<25), which indicates 

less than 25 readings for tear analysts in a sample. Table 1 and Figure 1 summarize the 

between-kit/operators repeatability of tear cytokine concentrations. For all cytokines, 

concentrations determined using kit 1 by operator 1 were higher than concentrations using 

kit 2 by operator 2 as indicted by the negative bias (Figure 1). The only statistically 

significant difference between kits was for IL-1Ra (p<0.01) (Table 1). The between-kit/

operator CoRs were larger than the mean measurements of the cytokines in both kits/

operators, indicating poor between-kit/operators repeatability. (Table 1 and Figure 1).

 Within-kit/operator Repeatability

Thirty-one samples in kit 1 conducted by operator 1 and 21 samples in kit 2 conducted by 

operator 2 were assessed for within-kit/operator repeatability. Table 2 shows the within-kit/

operator repeatability for both kits. Mean cytokine concentrations between repeats within 

each kit were not significantly different and the within-kit/operator bias was also low for 

each kit (Table 2). The within-kit/operator CoRs in kit 2 conducted by operator 2 was 

smaller than kit 1, indicating that kit 2 conducted by operator 2 was more repeatable than kit 

1.

 Contact Lens Washout

Slit lamp findings at baseline and 7 days after contact lens removal were not significantly 

different (p>0.05). Several epithelial microcysts were observed in one subject (subject 3) at 

baseline but had recovered by day 7. The presence of mild bulbar conjunctival redness was 

observed in all subjects at both visits. Corneal neovascularization and limbal redness were 

observed in one subject in both visits. Two subjects showed significant lid flakes at baseline 

and one at day 7. Average corneal staining was mild (4.9±4.3 at baseline and 2.9±2.5 at day 

7 [p>0.05]).

Tear samples of subject 1–6 in kit1 and tear samples of subject 7–10 in kit2 ware used for 

the washout analysis. Overall, there was no significant change in tear cytokine 

concentrations up to 7 days after contact lens removal (Figure 2) (all p>0.05). The overall 

mean change in tear cytokine concentrations from baseline over 7 days is presented in Table 

3.

 Discussion

This study showed that the tear concentrations of selected cytokine did not significantly 

change over a 7-day period after contact lens removal. The repeatability of custom Multiplex 

assays was poor between different kits/operators while the within-kit/operator repeatability 

was good in kit 2.

No changes in tear cytokine concentrations were found in the 7 days following contact lens 

removal. This finding suggests that a washout period in 1 week may not be necessary. It has 

previously been shown that IL-6, IL-8 and TNF-α concentrations increased in new 
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wearers,8,9,30,31 However the tear cytokine concentrations were similar between established 

contact lens wearers and non-wearers across studies as shown in Table 4. If it is not possible 

to observe changes in tear cytokine concentration in the 7 days following contact lens 

removal, a longer washout may not be feasible in many clinical trials. This study indicates 

that the cytokine levels are relatively stable over one week of discontinuation for >1 year 

contact lens wearers and thus any changes can be attributed to new interventions (ie, refitting 

in another contact lens or introducing a new lens care product).

The large concentration range for different cytokines between studies could be due to the 

variations in the assays, tear dilution and preparation methods, or the methods of tear 

collection (Table 4). The differences are less likely to be due to variations in subject age 

(Table 4). The tear IL-1β, IL-6, IL-10 and TNF-α concentration in our study were 

comparable with Kalsow et al,27 which also examined contact lens wearers and used the 

same assays and similar dilution of the tears (Table 4). IL-12 is the least variable cytokine 

across studies (Table 4). Five previous studies have assessed IL-12 in healthy non-contact 

lens wearers,3,5,40–42 and 2 studies have assessed IL-12 in healthy contact lens wearers.27,36 

We present comparable findings for healthy contact lens wearers during a washout period. 

IL-1β is the most variable cytokines, with only 2 out of 11 studies being comparable with 

our findings. Tears collected from a strip were unlikely to comparable to tears collected from 

micro-capillary tubes because of the use of dry strips, where the collected area on the ocular 

surface is larger than a capillary tube and is more likely to stimulate reflex tearing. 

Therefore, micro-capillary method is more likely to be representative of true cytokine levels 

in basal tear than the strip.43,44 The collection of flush tears rather than basal tears, or use of 

dilution that are too high or low may also lead to increased variation.32 Also, it may not be 

possible to compare across brands of assays, but studies using Bio-Rad Multiplex assays 

were more comparable (Table 4). In summary, the results presented here align well with 

studies in habitual soft contact lens wearers 27,36 using similar tear collection and storage 

methods, Biorad assays and sample dilutions41.

This is the first study to report on the use of custom Multiplex assays to assess tear cytokine 

concentrations. Our findings show ≥99% of the selected cytokines could be detected in the 

tear samples; this compares favorably with earlier studies using pre-prepared assays (Table 

5). This study showed that the six selected cytokines could be detected in tears using a 

custom Multiplex assay. Other study groups have reported that many cytokines cannot be 

detected in tears using pre-prepared Multiplex assays in normal tears.2,4,5,32–34,36,40 This 

may be because other Multiplex assay include multiple cytokines which could introduce 

noise through non-specific binding and interactions.34,36,40

The repeatability of tear cytokine measurements was poor when two separate custom assay 

kits were used. For each of the cytokines, the coefficient of repeatability (CoR) between the 

two kits was similar in magnitude to the mean concentration (Table 1). In addition, a size 

effect was apparent for all tested cytokines, which is possible to affect the repeatability by 

increasing the tear cytokine concentrations. While this levels of repeatability may be 

acceptable for studies of corneal infiltration or bacterial keratitis and glaucoma, where the 

cytokine concentrations differ more than 2–5 times between cases and controls,6,42,44,45 it 

can introduce an unacceptably high level of noise in studies of contact lens wearers where 

Chao et al. Page 6

Eye Contact Lens. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



small differences in cytokines are examined. Poor between-kit repeatability suggests that it 

may not be feasible to make absolute comparisons across studies using Multiplex.

Tear cytokine concentrations were measured to be higher in the first kit than the second kit, 

particularly for IL-1Ra. The higher concentrations could be due to protein degradation 

which occurred in the 30 days during which the tears were stored; however, a previous 

study,36 also suggests that IL-1Ra may not be a highly reproducible cytokine in tears. Even 

though higher concentration of other tested tear cytokines was found in the first kit, the 

differences did not reach to the significance levels. Therefore, this suggests that tear IL-1β, 

IL-6, IL-10, IL(p70) and TNF-α degrade in 30 days in a −80°C freezer but custom Multiplex 

still provides reproducible readings in these cytokines.

The within kit repeatability, especially as conducted by the second operator, were repeatable 

and reliable. As indicted in Table 2, the bias and the CoRs in the second kit were generally 

smaller than the first kit. The more reliable results were likely because the second operator 

had more experience with tear analysis.

There are two major limitations of this study. First, only ten subjects were enrolled in this 

pilot study. This small sample size may not be adequate to detect small but significant 

differences in cytokine levels. Therefore, a larger sample size and longer duration of study is 

needed to fully understand cytokine changes over time after contact lens removal. Another 

limitation of this study is the long time period gap between kit/operator testing. Our results 

suggest there may be some protein degradation over time or with repeated thawing and re-

freezing of samples. Future studies should attempt to collect and analyze samples as quickly 

as possible and limit freeze-thaw cycles to minimize protein degradation.

In conclusion, this study confirmed that the selected tear cytokine concentrations did not 

change significantly within 1 week after discontinuation of contact lens wear. This indicates 

that a 7-day washout period may not significantly affect the ocular surface inflammatory 

state with contact lens, although a longer period may be required to the return to the levels to 

pre-contact lens wear. Also, a customized Multiplex assay was able to detect all the selected 

cytokines. While the between kit repeatability was poor, this study also showed that a well-

trained operator can provide repeatable and reliable findings using custom Multiplex.
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Figure 1a

Figure 1b

Figure 1c

Figure 1. 
The difference in tear cytokine concentrations (IL-1β (A), 1Ra (B), 6 (C), 10 (D), 12(p70) 

(E) and TNF-α (F)) between kits/operators plotted against their mean. Dashed line: bias; 

Solid line: Limits of agreement.
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Figure 2. 
Tear concentration of IL-1β (A), 1Ra (B), 6 (C), 10 (D), 12(p70) (E) and TNF-α (F) over 

time after contact lens removal measured using the custom Multiplex assays. Y-axis: Tear 
cytokine concentrations in pg/ml; X-axis: Days after contact lens removal. BL: Baseline, 
days following contact lenses removal. Grey lines shows subjects analysed with kit 1; black 
lines shows subjects analysed with kit 2.
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