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ABSTRACT

BACKGROUND Soft contact lens (SCL) wear can lead to a corneal hypoxia. However,
thereis alack of studies looking for corneal hypoxia biomarkers in tear. This study aimed
to investigate corneal hypoxia among SCL wearers based on hypoxia-inducible factor-
10 (HIF-10) expression, tear lactate dehydrogenase (LDH), and malate dehydrogenase
(MDH) activities.

METHODS A nonrandomized clinical trial was conducted on two groups. SCLs were
prescribed for 2 months to a group of new wearers. Meanwhile, SCL wear was
discontinued for 1 month in a group of long-term wearers. Tear samples were then
collected on days 1, 7, 14, 28, and 56 after treatment. Repeated-measures analysis of
variance and Friedman’s test with post-hoc statistical analysis were used to evaluate
biomolecular changes (HIF-1a concentration, LDH, and MDH activities) in both groups.

RESULTS A total of 14 subjects (28 eyes) were enrolled in each group. In new wearers,
there was a significant decrease in MDH level (p = 0.010) and no effect on HIF-1a
level. In long-term wearers, HIF-1a and LDH levels tended to decrease (p = 0.054). A
significant decrease on MDH level was noted on days 7 (p = 0.003), 14 (p = 0.026), and
28 (p<0.010). Long-term wearers had a higher LDH baseline level than new wearers (p
=0.04).

CONCLUSIONS Corneal hypoxia was not proven after 2 months of SCL wear using
biomarkers. However, LDH and MDH activities in tears were found to be decline after
SCL discontinuation.

KEYWORDS contact lenses, cornea, hypoxia, hypoxia-inducible factor 1, lactate
dehydrogenase, malate dehydrogenase

Contact lens has been widely used for vision
correction and cosmetic purposes.” In 2013, it is
estimated that there are more than 140 million contact
lens wearers worldwide, and the number is expected
to increase.> However, contact lens wear can induce
hypoxia in the cornea and lead to many complications
as it acts as a barrier to oxygen transportation.™*

Contact lens may decrease oxygen supply to the
cornea, depending on oxygen permeability described
as oxygen flow velocity (Dk). Oxygen transmissibility,
defined as oxygen’s ability to move through the

thickness of contact lens, is directly proportional
to oxygen permeability and inversely proportional
to lens thickness (t). Thus, oxygen transmissibility
of contact lens is calculated using the following
formula: Dk/t.>7 Long-term use of soft contact lens
(SCL) has been known to alter the corneal structure,
that is, decreasing epithelial and stromal thickness
and increasing endothelial polymegathism and
pleomorphism, thereby lowering oxygen uptake
rates. The cause of the changes may include contact
lens wear-induced hypoxia, which has been found in
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patients who had worn SCL for over a year.”® Recovery
of normal epithelial oxygen uptake can be achieved 1
month after SCL wear cessation.’

In human tears, lactate dehydrogenase (LDH) and
malate dehydrogenase (MDH) are enzymes produced
by the corneal epithelium. Studies have revealed that
whenever the eyes are closed for a long time, such as
during bedtime, the cornea experiences a relatively
hypoxic condition detected by an increase in LDH
production in the next morning. In corneal hypoxia,
there is also an increase of hypoxia-inducible factor-1
(HIF-1). HIF-1 is a heterodimer protein consisting of
two subunits, HIF-1a and HIF-1B, which modulate gene
expression based on cellular oxygen concentration.
In a normal condition, dioxygenases called prolyl-
hydroxylase hydroxylate HIF-1 using oxygen and
ketoglutarate as the substrate. Hydroxylation
is inhibited in hypoxic condition, causing HIF-1
accumulation.™

The use of a biomarker will lead to better detection
of corneal hypoxia. There is a lack of studies on
biomarkers of corneal hypoxia in tears. This study
aimed to investigate corneal hypoxia among SCL
wearers based on tear HIF-1a expression, LDH and
MDH activities.

METHODS

This is a nonrandomized clinical trial on 14 subjects
(14 pairs of eyes) at Cipto Mangunkusumo Hospital,
Jakarta, who were recruited by consecutive sampling
and divided into two groups: new- and long-term
wearers of SCL. Samples were taken from January 2015
to December 2016 and analyzed at the Biochemistry
Laboratory, Faculty of Medicine Universitas Indonesia.
Ethical clearance was obtained from the Ethics
Committee of the Faculty of Medicine Universitas
Indonesia (No: 800/UN2.F1/ETIK/2015).

Subject groups

Both groups consisted of subjects aged 18 to 30
years. The new wearer group included those who had
moderate myopia with spherical equivalent of -3.00 to
-6.00 diopters (D) with astigmatism less than 1.50 D,
were at least 1 year free from wearing SCL, and agreed
to wear SCL for 2 months. The long-term wearer group
comprised subjects who wore SCL for at least 1 year
and agreed to not wear SCL for 1 month. Subjects
who had corneal abnormalities, infectious or active
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inflammatory diseases, or experienced eye surgery
were excluded from the study.

Before SCL fitting and tear sampling, the new
wearers underwent refraction examinations using
Snellen chart and slit lamp. SCLs used in this study
were Alcon DAILIES® AquaComfort PLUS (Nelfilcon A,
Alcon Novartis, Switzerland) with Dk of 26 x 10", water
content 69%, thickness 0.10 mm at -3.00 D. Corneal
thickness, endothelial cell density, central corneal
endothelial cell size variability, and hexagonality
were examined under the Non-Con Robo specular
microscope (Konan Medical, Inc., Japan). The subjects
were trained to insert and remove the lens. Well-
trained subjects were then given logbooks to record
the length of wear per day and write any complaints.
Subjects were asked to wear SCL for at least 8 hours
per day.

Tear collection

Tear samples were collected from subjects’ inferior
fornix of both eyes using micropipettes on days 1, 7,
14, 28, and 56 of SCL wear after removing the lenses
first. Tear samples from long-term wearers were also
collected while they were still wearing their SCL at
the same time points. Tear samples were poured into
microtubes, covered with aluminium foil, and sealed
with semi-transparent, flexible film. Samples were
stored at -80°C until used.

Laboratory examinations

Human HIF-1a  Elabscience® enzyme-linked
immunosorbent assay (ELISA) kit test (Elabscience
Biotechnology Co., Ltd., China) was used with a
single-wash 9o-min sandwich ELISA designed for the
quantitative measurement of HIF-1a protein in human
cell extracts. Spectrophotometry with a wavelength
of 450 + 2 nm was used to obtain the optical density
(OD) value, which was directly proportional to HIF-1a
concentration. HIF-1a concentration was calculated by
comparing OD to a standard curve.

Quantitative colorimetric kinetic LDH activity
determination  using  QuantiChrom™
Dehydrogenase Kit (BioAssay Systems, USA)

measured LDH activity. Nonradioactive colorimetric

Lactate

LDH measurement was based on tetrazolium salt
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide reduction in nicotinamide adenine
dinucleotide enzymatic reaction, which has a maximal

absorption wavelength of 565 nm. The intensity
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of purple color formed by the reaction is directly
proportional to enzyme activity. Meanwhile, the
MDH activity was measured using QuantiChrom™
Malate Dehydrogenase Kit (BioAssay Systems) with
nonradioactive colorimetric measurement similar to
the aforementioned LDH activity measurement.

Data analysis

Data were analyzed using SPSS version 22.0
(IBM Corp., USA). Significance was set at p<0.05.
Kolmogorov-Smirnov test was used to perform the
normality test. Nonparametric data were analyzed
using repeated measures analysis of variance,
Bonferroni post-hoc test, Friedman’s test, and post-hoc
Wilcoxon signed-ranked test.

RESULTS

The characteristics of subjects in the new and long-
term wearer groups are shown in Table 1. Figure 1a
presents the HIF-1a level in the new wearer group on
baseline (day o) and days 1, 7, 14, 28, and 56. The HIF-1a
level tended to increase on day 1(mean difference [MD]
= 0.061 ng/mg protein), but no significant increases
were found in any time interval compared with the
baseline (day 0; p = 0.193).

The LDH and MDH activities in the new wearer
group on days 1, 7, 14, 28, and 56 showed no significant
increase than on baseline (p = 0.704; Figure 1b). A
significant decrease (p = 0.016) was observed in the

Table 1. Characteristics of subjects using soft contact lens (N = 28)

MDH level (Figure 1c) instead. The results shown were
from sampling on days 7 (MD = -0.03 IU/mg protein;
Bonferroni p = 0.017) and 56 (MD = 0.11 IlU/mg protein;
Bonferroni p = 0.010). MDH activity on day 56 also
significantly decreased from day 28 (MD = 0.235, p =
-0.023).

An increasing trend of LDH/MDH ratio was noted
from days 1, 7, and 14 to 56. The increase in LDH/MDH
ratio on day 56 was statistically significant than on
baseline (day 0; MD = 0.09; p = 0.023).

Tear HIF-1a concentration had a significant
positive correlation to MDH activities at baseline
(day o0; r = 0.507; p = 0.045) and day 28 (r = 0.508; p
= 0.043) with moderate correlation power. HIF-1a
concentration also had positive correlations to MDH
activities but were not statistically significant at days 1
(r=0.364; p=0.166), 7 (r = 0.409; p = 0.116), and 14 (r
= 0.343; p = 0.193). Tear HIF1-a levels in long-term SCL
wearers before and after SCL removal are depicted in
Figure 1d.

In the long-term wearer group, HIF-1a level and
LDH activities (Figure 1, d and e, respectively) tended
to decrease, but this is not statistically significant (p =
0.054). However, MDH activities decreased significantly
following SCL removal (p = 0.005) as shown in Figure 1f.
Significant decreases in MDH activities were observed
on baseline (day o) than on days 7 (MD = -0.17; p =
0.003), 14 (MD = -0.23; p = 0.026), and 28 (MD = -0.21;
p<0.01). Unlike in the new wearer group, no significant
increases in LDH/MDH ratio were found between any

Characteristics

New wearers,
mean (SD) (N = 14)

Long-term wearers,
mean (SD) (N = 14)

Male sex, n (%)
Age (years)*
Spherical equivalent (D)*
Duration of contact lens wear (years), median (range)
Type of soft contact lens, n (%)
Clear
Tinted
Combination
Corneal thickness (um)

Endothelial cell density (cells/mm?)

Central corneal endothelial cell size variability or coefficient of variation

Hexagonality of endothelial cell (%)

7 (50) 2(14)
21.0 (20.0-24.0) 23.5(2.3)
—4.60 (0.94) -5.12 (3.00 — -6.00)

5.50 (2.00-11.00)

6 (42.9)
3(21.4)
5(35.7)
487.25 (28.21)
2957.79 (283.97)
44.75 (6.07)
46.43 (7.61)

513.21 (31.63)
2961.07 (227.51)
41.79 (5.80)
50.36 (10.04)

SD=standard deviation; D=diopters
*Values are presented as median (range) or mean (SD)
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Figure 1. (3, b, ¢) Mean (SD) of tear HIF-1a level, LDH activity, and MDH activity in the new SCL wearer group from baseline (day
0) to day 56 of SCL wear; (d, e, f) Mean (SD) of tear HIF1-a level, LDH activity, and MDH activity in long-term SCL wearers from
baseline to day 28 following SCL removal. ¥*Data was analyzed using Bonferroni post-hoc test significant based on D-0 as a control

(p<0.05)

SD=standard deviation; HIF-1a=hypoxia-inducible factor-1a; SCL=soft contact lens; LDH=lactate dehydrogenase; MDH=malate

dehydrogenase

measurements following SCL removal in the long-term
wearer group (p = 0.147).

Positive HIF-1a
concentrations and MDH activities were found in
the long-term wearer SCL group on days 1, 14, and 28
following SCL removal. The correlation between HIF-
1a concentrations and MDH activities was strong and
statistically significant (p = 0.033; r = 0.642).

Long-term SCL wearers had significantly higher
LDH level than new SCL wearers (0.10 [0.05] versus
0.06 [0.04] IU/mg protein, respectively, p = 0.04)
on baseline (day o). Comparisons of HIF-1a level and
MDH activities between the two groups were not
significant (Table 2).

We also compared HIF-1a and LDH and MDH
levels between naive eyes (the new wearer group

correlations between

on baseline or day 0) and long-term wearers on day
28 after SCL removal as a previous study stated that
the recovery of normal epithelial oxygen uptake can
be achieved 1 month after SCL wear cessation (Table
2).9MDH activities in long-term wearers on day 28 after
removal were significantly lower than that in naive

eyes (0.17 [0.04-0.63] versus 0.34 [0.2-1.98] IU/mg
protein; p = 0.003).

DISCUSSION

HIF-1a is unstable in well-oxygenated cells and has
rapid turnovers, of which the half-life is only 5 min,
which makes it difficult to be detected in conditions
without hypoxia.? Increase in HIF-1a could be an acute
response to hypoxic condition whereby it would be
stabilized to initiate several activation pathways to
increase oxygen availability.” In this study, tear HIF-
1a was relatively stable in the new wearer group for
56 days. Minimal hypoxia might still have occurred
but was missed during measurement, and HIF-1a had
returned to normal levels.

HIF-1a was slightly increased on day 1in the new
wearer group. It was assumed that the cornea might
have had an oxygen consumption alteration, thus
decreasing need and reaching a relative normoxic
condition. HIF 1-a expression was an immediate
response to a hypoxic condition, although the gene
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Table 2. Comparison of corneal characteristics and biomolecular activities between the new and long-term wearer groups on

days 0 and 28

Day 0 Day 28
New wearer, Long-term wearer, Long-term wearer, "
mean (SD) mean (SD) P mean (SD) P

Corneal thickness (um) 513.21 (31.63) 487.25 (28.21) 0.002' 481.14 (26.77) <0.001"
: . .

“d°the"az' el 2961.07 (227.51) 2957.79 (283.97) 0.962" 2876.30 (271.29) 0.211'
(cells/mm?)
Coefficient of variation 41.79 (5.80) 44.75 (6.07) 0.067° 46.46 (6.25) 0.006"
?;’l‘?s?”a"ty aif etk 50.36 (10.04) 46.43 (7.61) 0.105' 43.32 (8.40) 0.005"

0
-1 i

HIF-1 (ng/meg protein), 0.26 (0-1.04) 0.16 (0-0.86) 0.89* 0.14 (0-1.59) 0.540"
median (min—-max)
LDH (1U/mg protein) 0.06 (0.04) 0.10 (0.05) 0.04' 0.10 (0.05) 0.055'
MDH (IU/mg protein), 0.34 (0.20-1.98) 0.38 (0.06-1.43) 0.51 0.17 (0.04-0.63) 0.003

median (min—-max)

SD=standard deviation; HIF-1a=hypoxia-inducible factor-1a; LDH=lactate dehydrogenase; MDH=malate dehydrogenase

*Compared to new wearers at day o; 't-test; fMann-Whitney test

transcription cascade was not directly caused by
inhibition of inhibitory PAS domain protein.” In
contrast, a decrease of HIF-1a on days 14 and 28
after SCL removal in long-term wearers was noted,
indicating an improvement of hypoxic conditions.
Moreover, HIF-1a level was lower in the long-term
SCL wearer group than in the new SCL wearer
group during all observations that may occur due to
adaptive mechanism responses to long-term SCL use.
It also indicates that HIF-1a increases only in an acute
hypoxic state. In fact, we found that HIF-1a level was
lower immediately after the discontinuation of SCL
wear than in new wearers in all observation periods
(Figures 1, a and d). Besides the fact that it has a
short half-life, we hypothesize that HIF-1a is more
responsive to oxygenation from a previous hypoxic
condition than just a short duration of SCL wear amid
a normal preexisting condition.

LDH level as a marker for corneal epithelial
membrane damage was stable for 56 days in the new
SCL wearer group. It indicates that the short duration
of SCL with enough oxygen transmissibility usage only
caused minimal hypoxic conditions; hence, there was no
damage on corneal epithelium. Continuous anaerobic
metabolisminlong-termSCLuseresultedinmorelactate
production followed by an increase of LDH enzymes.
LDH would also be released because of damage or
death of epithelial cells resulting from mechanic,
toxic, or contact lens-associated injuries.™" High LDH
level due to SCL is affected by the material, fitting

mji.ui.ac.id

type, and usage duration. However, the correlation
between LDH level and oxygen transmissibility is still
controversial. Ichijima and Cavanagh' stated that LDH
level was inversely proportional to the Dk value. They
showed that SCL with low oxygen transmissibility
increased the level of an anaerobic LDH subtype,
indicating a metabolism shift. Imayasu et al* showed
that extended wear of SCL with very high Dk (total Dk/t
= 64) did not cause a significant increase in either LDH
or MDH level. Meanwhile, Ladage et al* stated that LDH
levels increased only in the second week of SCL wear
with high and very high oxygen transmissibility. Both
groups showed similar increase of tear LDH, although
there was a different SCL oxygen transmissibility. The
increase in LDH under hypoxic conditions was partly
due to several mechanisms, including increase of cell
membrane permeability and loss of intracellular LDH
bonds in epithelial cells as a response to decreased
cellular energy. The synthesis of LDH de novo also
contributed to increased tear LDH level. Finally,
increased LDH in hydrogel contact lens wearers could
also be caused by mechanical trauma to the contact
lens surface.”

Tear LDH activity in long-term wearers was
significantly higher than in new wearers, even after
immediate SCL removal. However, decreased LDH
activity was found after the discontinuation of SCL
wear, although it did not make the LDH level in long-
term wearers lower than in new wearers. Previous
studies also showed that LDH tear levels in long-term



contact lens wearers were significantly higher than
those in non-contact lens wearers." Indeed, Ichijima
et al® proved that increased LDH due to hypoxia is
reversible and reported that discontinuation of contact
lens wear could restore tear LDH to the normal level.

MDH activity indicates the different stages of
corneal damage in external eye diseases. Tear MDH is
a membrane damage marker derived from the corneal
and the conjunctival epithelium. An increase in tear
MDH level was associated with contact lens-related
dry eyes.” In contrast, a decrease in tear MDH activity
after SCL removal might be caused by an improvement
in hypoxic and epithelial conditions, hemostasis ocular
surface disorder, or contact lens-related dry eye.
Fortunately, increase in MDH resulting from hypoxia
seemed to be reversible like LDH. In this study, there
were some changes of MDH level in the new wearer
group. Due to wide MDH fluctuations, it is difficult to
use this clinically as a marker for corneal damage.®
Nevertheless, tear MDH activities in long-term SCL
wearers had insignificant higher than those in the new
wearers. Long-term mechanical trauma in contact lens
wear increased MDH activities, which signal corneal
and conjunctival epithelial cellmembrane defects.”This
study also showed that MDH activities were associated
with long-term hypoxia and gradually decreased after
eliminating the causative factor, contact lens. These
findings supported the reversibility of increased MDH
activity due to hypoxia.

LDH/MDH ratio in the new wearer group seemed
to have been increasing since the first day of SCL wear.
This ratio continued to increase in every subsequent
observation. LDH/MDH ratio was significantly higher
after 56 days compared with baseline or day o (p =
0.023). In the group of long-term SCL wearers who
discontinued the use of SCL, no significant changes
of LDH/MDH ratio were found at any period of
measurement (p = 0.147).

Corneal stress in contact lens-induced hypoxia is
most commonly detected by the occurrence of limbal
redness.’»>* Sweeney> showed limbal redness was
similar in subjects wearing contact lens with high Dk
to control without SCL. This showed that only minimal
hypoxia occurred in the eyes using SCL with good
oxygen transmissibility. According to Holden and
Mertz, critical oxygen transmissibility to avoid corneal
edema for daily wear lenses must be at least 24 and 87
for extended wear.* Hydrogel lenses’ water content
is also directly related to oxygen transmissibility, as
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the oxygen diffusion to the cornea occurs through
the water in the lens. Hence, higher water content
of SCL contributes to higher levels of oxygen.** This
corresponds with SCL used in our study, Nelfilcon A, a
polyvinyl alcohol-based conventional hydrogel contact
lens with Dk/t 26 at —-3.00 D, 69% water content, and
0.10 mm thickness.”>*” This showed that SCL used in
this study meets good criteria for daily wear SCL.

The limitation of this study is the process of tear
sampling. HIF-1a measurement requires 200 ul of
tear sample from each subject, whereas LDH and
MDH measurement requires 20 and 40 pl of tears,
respectively. Thus, all three tests altogether require a
minimum of 260 pl of tears sample from each person.
However, each tear sampling could only take 150 ul of
tear sample. Thus, we had to perform a method that
could make the respondent psychologically stimulated
to produce tears. There is still a possibility that this
method had caused the gap of protein content between
natural and forced tears. To meet the minimum volume
required, we also diluted the tear samples, which led to
a lower HIF-1a concentration.

In conclusion, this study did not find any increase
in HIF-1a, LDH, and MDH as biomarkers for corneal
hypoxia in subjects wearing SCL for 2 months.
However, there were lower LDH and MDH tears
activities after discontinuation of SCL wear.
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