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Abstract

Purpose To investigate the ocular surface inflam-
mation in patients with primary open angle glaucoma
and ocular hypertension by analyzing tears and to
compare findings with healthy controls.

Methods Observational case—control study. Tear
samples were collected by 5 pl microcapillary tube
from 24 patients with glaucoma treated by antiglau-
coma drops, 9 non-treated patients with ocular hyper-
tension and 45 healthy controls. Tears were analyzed
from right eye by multiplex Bio-Plex system for the
presence of 6 cytokines: IL1p, IL10, IL4, IFNy, MIF
and VEGF.

Results  Significantly higher concentrations of
IL1p and IL10 (glaucoma or ocular hypertension vs.
healthy controls, p<0.0001), VEGF (glaucoma vs.
ocular hypertension, p<0.05; ocular hypertension
vs. healthy controls, p <0.02) and MIF (glaucoma vs.
healthy controls, p <0.03) were detected in patients’
tears. Both patient groups have activated to a sig-
nificantly lower extent the Thl pathway represented
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by IFNy than Th2 pathway represented by IL10
(»<0.001) and, at the same time, the IFNy/IL4
ratio was significantly increased in healthy controls
(p<0.001) and patients with ocular hypertension
(p<0.02) compared to glaucoma individuals.
Conclusion This study shows that secretion of
inflammation-related cytokines by conjunctival cells
is increased in both, glaucoma and ocular hyperten-
sion patients and can be detected in their tears. Never-
theless, data indicates stronger ocular surface inflam-
mation in non-treated follow-up patients diagnosed
with ocular hypertension than in glaucoma subjects
treated by antiglaucoma drops.

Keywords Glaucoma - Ocular hypertension -
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Introduction

Primary open angle glaucoma (POAG) is a multifac-
torial neurodegenerative disease with unclear patho-
genesis, making early diagnosis the main challenge.
This eye disease affects retinal ganglion cells and, due
to this, is also one of the main causes of irreversible
blindness worldwide [1].

An important parameter in the diagnosis is the
magnitude of intraocular pressure (IOP). The IOP is
influenced by various external and internal factors
including the time within the day [2] and the year,
heartbeat [3], respiration [4] and nutrition [5, 6]. The
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existence of the true causal relationship has been dis-
covered in the 1990s by showing that lowering IOP
can slow down or even prevent POAG progression
[7-10]. Notably, some patients with POAG have nor-
mal IOP; therefore, in addition to IOP measurement,
diagnosis of glaucoma is also based on examination
of the optic disk, determination of the retinal nerve
fiber layer (RNFL) and evaluation of visual func-
tions. Currently, another potential diagnostic and
prognostic possibility is the examination of biomark-
ers in tears. Biomarkers can serve not only for exact
POAG diagnosis; they may also help identify subjects
at increased risk of developing POAG. Biomarkers
for eye disease are sought and studied in the aqueous
humor [11], trabecular meshwork [12], optic nerve
[13], blood [14] and recently also in tears [15].

Tear sampling represents a convenient and nonin-
vasive method of analyzing an accessible body fluid
for the investigation of disease-specific biomarkers
in local environment. Tears are a complex fluid that
contains thousands of molecules, including cytokines
[16]. In the past, the quantification of cytokines in
tears was limited by the small volume of tears avail-
able per sample. Currently, cytometric multiplex bead
analysis can determine the multiple cytokine profile
in the volume of no more than 5 pl tear sample [17,
18].

In glaucoma, the most interesting may be indica-
tors of inflammation, apoptosis, or other types of
cell death that could reveal the general condition of
the ocular surface, either as a response to treatment,
exogenous/endogenous influences, or to monitor dis-
ease progression. The ambition of the GRIM study
(Glaucoma—role of immunity and inflammation)
conducted at the Central Military University Hos-
pital Prague and the Faculty of Science of Charles
University, Prague, Czech Republic, is to analyze 6
cytokines (interleukin (IL)1P, IL4, IL10, interferon
gamma (IFNy), macrophage migration inhibitory
factor (MIF) and vascular endothelial growth factor
(VEGF)) in tears of patients with ocular hypertension
(OHT) or primary open-angle glaucoma (POAG) that
could be involved in immunoinflammatory, apoptotic,
and proliferative responses to treatment, neuroinflam-
mation, elevated IOP and RNFL thickness. Exam-
ined cytokines cover both, Thl and Th2 immune
responses. We aim to find out if concentrations of
selected cytokines in tears change in relation to these
characteristics similarly as observed in aqueous
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humor [11], a trabecular meshwork [12], or in reti-
nal cells [13]. Of particular interest are the poten-
tial differences between POAG and OHT patients.
To answer the question whether glaucoma-specific
changes in cytokine optic nerve affect the concentra-
tions of cytokines in tears the Bio-Plex multiplex sys-
tem has been used.

Materials and methods
Patients, controls and sample collection

Samples were obtained from 24 medicated patients
(12 males, 12 females) with open angle glaucoma,
and 9 patients diagnosed with ocular hypertension (4
males, 5 females) at the Central Military University
Hospital Prague. Forty-five volunteers (24 males, 21
females) with no history of ocular surface disorders
were employed as healthy controls (HC). Written con-
sent and questionnaire about health, medical history
and lifestyle were obtained from all subjects prior to
their participation. The study adhered to the princi-
ples of the Declaration of Helsinki and was approved
by the Ethics Committee of the Faculty of Science,
Charles University (Institutional Review Board, Fac-
ulty of Science, Charles University, Prague, Czech
Republic) and by the Ethics Committee of the Central
Military University Hospital (Institutional Review
Board, Central Military University Hospital, Prague,
Czech Republic). Patients with diabetes, any auto-
immune or eye disease other than POAG or OHT
including dry eye syndrome were excluded. Patients
were diagnosed as the POAG or OHT based on the
IOP level, optic disk and visual field examination. In
the present study, patients with IOP above 25 mmHg
at the time of OHT diagnosis but without morpho-
logical and functional changes were assigned to the
OHT group. Clinical data such as the magnitude of
intraocular pressure on the day of tear collection,
previous eye disease record or laser refractive sur-
gery, spherical equivalent refractive error (between
— 1.0 and+ 1.0 diopter), results from optical coher-
ence tomography (OCT) presented as RNFL thick-
ness value, perimeter and glaucoma medication were
available for all patients. Tear samples were collected
without topical anesthesia, from the inferior fornix
using a 5 ul capillary tube. Tears were expelled from
the capillary tube into a 1 ml collection tube and
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diluted in 150 pl of phosphate-buffered saline (final
volume 155 pl). After dilution, the tears were stored
at — 80 °C until further processing.

Multiplex cytokine analysis

The Bio-Plex multiplex system (Bio-Rad Laborato-
ries) was used to determine the levels of 6 cytokines
in tears: IL 1, IL4, IL10, IFNy, VEGF and MIF. This
system uses a liquid suspension array of 6 sets of 5.5
um magnetic beads internally labeled with differ-
ent ratios of two spectrally distinct fluorochromes to
assign a unique spectral address. Each set of beads
was combined with a monoclonal antibody against
IL1B, IL4, IL10, IFNy, VEGF and MIF, respectively.
Each sample was measured in duplicate. Standard
curves were generated by using the reference cytokine
concentrations supplied by the manufacturer. The raw
data were analyzed by Bio-Plex Manager Software
(Bio-Rad Laboratories) to obtain concentration val-
ues; data that did not meet the accuracy and precision
criteria were excluded from subsequent analyzes in
accordance with the manufacturer’s recommendation.

Statistical analysis

Data were analyzed using GraphPad Prism 6 soft-
ware. The D’Agostino-Pearson normality test was
used to check normality. Statistical significance for
intergroup differences was assessed by the non-
parametric Wilcoxon signed rank test and the
Mann—Whitney U test. The level of statistical signifi-
cance was established at p<0.05. The clinical char-
acteristics are presented as mean and SEM (standard

error of mean) (Tab. 1); the immunological data are
presented as median with the interquartile range.

Results
Subjects

Table 1 displays the characteristics of subjects partici-
pating in the study: 24 patients with POAG, 9 patients
with OHT and 45 healthy controls. The most patients
with POAG were treated more than 1 year and less
than 12 years with antiglaucoma medication.

Concentration of cytokines in tears

The concentrations of IL1f, IL10 and MIF cytokines
in tears from the HC subjects were below the detec-
tion limit in the most samples. Compared to them,
we observed significantly higher concentrations of
IL1p in tears from patients with POAG (p <0.0001)
or OHT (p<0.0001) and similarly, IL10 levels in
both POAG and OHT tears were significantly ampli-
fied when compared to HC (p<0.0001; please see
Fig. 1). Further, significantly higher concentrations of
MIF cytokine in tears from POAG patients compared
to HC individuals were observed (p<0.03). VEGF
levels in tears of both patient groups were increased
in comparison to those in tears from healthy controls
(POAG p<0.05, OHT p <0.02; please see Fig. 1).
Comparison between the two diseased groups
revealed insignificant 1.4fold increase of IL1f and
IFNy levels and conversely, 1.5times lower con-
centrations of MIF cytokine in tears from OHT

Table 1 Clinical

o . Characteristics HC POAG OHT p value
characteristics of subjects
(n=45) (n=24) (n=9)

Male 24 12 4

Female 21 12 5

Age [years] (mean; SEM) 34.7;1.6 44.6; 1.8 36.1; 3.1 p=0.0006
HC, healthy controls; Duration of treatment [years] (mean; SEM) NAP 6; 0.7 NAP NA
POAG, patients with Ocular pressure [mmHg] (mean; SEM) NA 17;0.75 20; 1.36 p=0.04
open angle glaucoma; Prostaglandin analogs 0 14
OHT, patients with Timolol and landi loas 0 3 0
ocular hypertension; NA, %mo ol and prostaglandin analogs
not available; NAP, not Timolol 0 4 0
applicable; SEM, standard Beta-blockers 0 1 0
error of mean; n, total Without treatment 45 2 9

number of subjects

@ Springer



3562

Int Ophthalmol (2023) 43:3559-3568

IL1R
807 = 1 <0.0001
E dekkk
o 60
[o
c
2
§ 401
[ =
8
Q 20-
o
S _
0
HC POAG OHT
VEGF
1500- ‘ 1 <0.02
E 1 <005
(o]
21000+ T
k)
®
c
g 500-
[ =
[o)
Q

HC POAG OHT

Fig.1 Concentrations of ILIp, IL10, VEGF and MIF
cytokines (pg/ml) in tears derived from healthy controls (HC)
and patients with glaucoma (POAG) or ocular hypertension
(OHT). Columns represent the median of cytokine concentra-

patients (all p=NS). The summary of detection
limit of each cytokine, percentage representation
of subjects below the detection limit and median
with interquartile range for each group and each
cytokine are displayed in Table 2.

In addition, we tested the concentration of
cytokines in tears with respect to sex; the results,
however, showed no differences between females
and males in any of the cytokines.
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tion of all individuals; error bars depict group median with
interquartile range. Four asterisks denote statistically signifi-
cant difference p<0.0001, one asterisk denotes statistically
significant difference p <0.05

Concentration of cytokines in tears in relation to
clinical characteristics

The concentration of cytokines in tears was stud-
ied in relation to (1) intraocular pressure; (2) RNFL
thickness on the basis of results from optical coher-
ence tomography; (3) and treatment - type, duration
and content of preservatives. To evaluate the effect
of mentioned clinical characteristics on cytokine
levels in tear fluid, we merged patients with the two
different diagnoses into one group and analyzed the
relationship between cytokine concentrations regard-
less of the diagnose. No significant differences
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Table 2 Detection limit, median and interquartile range of analyzed cytokines
Cytokine Detection % Samples of % Samples of HC POAG OHT
limit [pg/  HC below the patients below the median, IQR [pg/ml] median, IQR median, IQR
ml] limit limit [pg/ml] [pg/ml]
IL1p 0.22 59 0 0.11,0.11-11.66 17.72,14.90-32.32  24.42, 17.89-65.08
(n=39) (n=23) (n=38)
IL10 0.41 78 0 0.2,0.2-0.2 280.8, 183-322.3  257.4;244.1-335
(n=42) (n=19) (n=17)
L4 0.19 49 7 2.65,0.1-23.11 10.5, 5.63-12.98 9.46, 8-11.22
(n=37) (n=21) (n=9)
IFNy 3.94 25 21 761.7,79.02-1701 507.1,1.97-731.5  713.3,522.8-1127
(n=36) (n=21) (n=38)
VEGF  0.59 12 0 555.2,256.7-856.5 922, 568-1030 953.4, 738.2-1061
(n=43) (n=20) (n=9)
MIF 0.5 66 31 0.25, 0.25-704 578, 0.25-1063 376.2,29.59-816.3
(n=38) (n=21) (n=38)

HC, healthy controls; POAG, open angle glaucoma; OHT, ocular hypertension; IQR, interquartile range; n, number of subjects avail-

able for analysis

in cytokine concentrations have been observed
between patients with normal IOP (IOP lower than
20 mmHg) and patients with intraocular pressure
greater than or equal to 20 mmHg. Significantly

higher concentrations of IL1#, IL10 (» <0.0001) and
VEGF (p<0.02) cytokines were observed in both,
patients with IOP >20 mmHg and those with normal
IOP compared to HC subjects (please see Table 3).

Table 3 Median and interquartile range of analyzed cytokines in both groups of patients and healthy controls

Cytokine HC Patients Patients Patients Patients Medication Medication with
10P IOP>20 mmHg OCT innorm  OCT out without BAC ~ BAC
p <20 mmHg
Median, IQR  Median, IQR  Median, IQR Median, IQR  Median, IQR  Median, IQR  Median, IQR
[pg/ml] (pg/ml] [pg/ml] [pg/ml] (pg/ml] [pg/ml] [pg/ml]
IL1B 0.11,0.11- 20.13, 15.12—  22.3,12.9-72.66 16.97, 2291, 15.12-  23.11,15.94- 19.19, 12.79-
11.66 32.32 n=11 9.87-37.58 38.14 42.41 33.93
n=39 n=20 n=12 n=13 n=14 n=17
IL10 0.2,0.2-0.2 267.4,231.6— 275.1,216.8- 297.5,214.8- 257.4,230.1- 255.7,234.1- 285.4,194.8-
n=42 329.8 317.2 364.9 302.8 3414 3174
n=16 n=10 n=10 n=11 n=10 n=16
L4 2.65, 9.61, 6.38- 10.71, 6.35— 8.77,6.01- 10.93, 9.76, 6.22— 10.2, 6.55-12.01
0.1-23.11 11.22 14.49 11.4 6.96-14.69 12.55 n=17
n=37 n=18 n=12 n=14 n=11 n=13
IFNy 761.7, 517.7, 599.7, 360.8— 599.7,105.7- 517.7, 587.4, 549.1, 1.97-
79.02-1701 1.97-878.2 886.1 740.8 279.3-1273 377.1-1218 740.8
n=36 n=18 n=12 n=12 n=12 n=14 n=16
VEGF 555.2,256.7- 9279, 950.8, 774.4— 970.3, 760, 546.1— 929.9, 948.2, 675.7—
856.5 616.3-1054 1032 582.7-1073 1052 546.1-1003 1086
n=43 n=18 n=12 n=12 n=12 n=12 n=17
MIF 0.25, 0.25-704 540, 0.25- 548.4,9.36— 531.5,18.47- 686.6, 376.2, 686.6, 18.47—
n=38 818.1 1005 818.1 0.25-1187 0.25-916.5 916.2
n=17 n=12 n=13 n=13 n=12 n=17

HC, healthy controls; IOP, intraocular pressure; BAC, benzalkoniumchloride; IQR, interquartile range; OCT, optical coherence
tomography; n, number of samples with accessible characteristic
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Also, patients with IOP>20 mmHg presented with
higher concentration of MIF in tears compared to HC
(p=0.05, please see Table 3).

Based on the results from the OCT examination,
patients were divided into 2 groups: an OCT result
corresponding to the normal thickness of RNFL
(designated norm) and an OCT result characteristic
for lower thickness of RNFL at least in 1 quadrant
(termed out). Significant differences in cytokine con-
centrations with respect to RNFL thickness were not
detected.

The levels of studied cytokines did not differ
among patients treated with different types of medi-
cation or between the groups of patients treated with
medication containing or without benzalkoniumchlo-
ride (BAC). Duration of treatment did not seem to
have any effect on the levels of cytokines in tears of
treated patients.

Th1 versus Th2 pathway

To assess whether the Thl or Th2 immune response
is predominant in some of the studied groups, we
included only samples where all three cytokines
IFNy, IL10 and IL4 could be detected. In patients as
well as in HC, the Thl pathway represented by IFNy
cytokine was activated to a greater extent than was
Th2 path characterized by IL10 or IL4 cytokines.
Nevertheless, the IFNy/IL10 ratio was significantly
lower in both POAG and OHT compared to HC
(POAG: median 1.87, 1.41-3.72 (pg/ml), OHT:

IFNy/IL10
40_ *k% .
— *kk <
E 0.001
D 30+
e
c
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s
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HC POAG OHT

Fig. 2 Thl1/Th2 ratio in tears from healthy controls (HC),
patients with glaucoma (POAG) and patients with ocular
hypertension (OHT). Thl response is represented by IFNy
cytokine; cytokines IL10 or IL4 represent Th2 response. Col-
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median 2.0, 1.83-3.53 (pg/ml), HC: median 18.12,
7.95-31.74 (pg/ml), p<0.001, please see Fig. 2).
The IFNYy/IL4 ratio was significantly lower in POAG
in comparison with both, HC and OHT (POAG:
median 52.41, 40.81-68.53 (pg/ml), OHT: median
82.26, 61.47-88.2 (pg/ml), p<0.02, HC: median 100,
78.94-159.8 (pg/ml), p <0.001, please see Fig. 2).

Discussion

Tears hold an important place in cytokine research as
markers of immunoinflammatory response in various
eye diseases. This is supported by a result from study
suggesting that elevated concentrations of certain
inflammatory cytokines such as IL1p or TNFa in the
aqueous humor of patients with eye disorders may dif-
fuse from the retina to the anterior chamber where it
may end up in the tear fluid through the optic-corneal
button interface [19, 20]. Most studies examining the
levels of cytokines in tears of glaucoma patients do
not distinguish between POAG and OHT diagnoses.
The attention should be drawn to the fact that there
is a 9.5% probability of developing POAG within
60 months in untreated, only follow-up patients with
high IOP [21]. In glaucoma, increased levels of sev-
eral inflammatory cytokines have been observed in
the aqueous humor and have been associated with
increased death of retinal ganglion cells and elevated
IOP, suggesting a plausible role in its pathogenesis
[22, 23]. Thus, in the presented study, the cytokines

IFNy/IL4

200- .
E . 1 <0.001
D 150+
c *
o — <0.02
T 1004
|- -
2 50- ,
o
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0' T
HC POAG OHT

umns represent the median ratio of cytokines with interquartile
range. Three asterisks denote statistically significant difference
p<0.001, one asterisk denotes statistically significant differ-
ence p <0.05
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IL1p, IL4, IL10, IFNy, MIF and VEGF were quan-
tified in tears derived from healthy individuals and
from patients with POAG or OHT to see potential dif-
ferences in inflammation on ocular surface between
the two diagnoses. Cytokines were further studied
depending on the magnitude of intraocular pressure
and the results of the OCT examination in patients to
evaluate the effect of glaucoma and various clinical
factors on the cytokine composition of tears. Never-
theless, though the OHT patients in our study were
characterized as follow-up, untreated subjects, their
ocular tension on the day of tear collection was under
the 23 mmHg (mean 20 mmHg). This is why patients
in the OHT group have not needed treatment with
IOP-lowering drugs so far.

For each cytokine, the detection limit was deter-
mined under which it was impossible to quantify the
cytokine. In healthy controls, an appreciable number
of samples below the detection limit could be found
for each cytokine. The highest number of samples
below the detection limit showed for the IL10, IL1p,
IL4 and MIF cytokines. Thus, in some healthy indi-
viduals certain cytokines appear to be in tears at
very low concentrations or not even produced at all.
This assumption is confirmed by other studies show-
ing that not all cytokines are detectable in tears from
healthy individuals [24, 25]. Specifically, analysis of
30 different cytokines in tears using Luminex method
revealed 5 cytokines undetectable at all and another
12 cytokines that were detected in tears from only
some of the healthy subjects examined [25]. Inflam-
matory cytokines can be undetectable not only in
tears from healthy individuals, but also in their sera,
for example pro-inflammatory IL1f [24]. Accord-
ingly, in our study, this cytokine belongs to the least
detectable markers in healthy controls tears (detected
only in 41% of samples). Different situation was
noticed in patients: using the Bio-Plex method, only
cytokines IL4, MIF and IFNy could not be detected in
all patient samples; the percentage of samples below
the detection limit, however, has never exceeded 31%.

Currently, direct comparison and evaluation of
data published elsewhere are impossible due to the
usage of different methods under diverse conditions,
quantification of various cytokines, as well as for
the variable methods of collecting tears. This is also
supported by the comparison of our data with results
from the study where the authors used the same
method: the magnitude lower values are presented

compared to our results on 5 of 6 studied cytokines
[26], possibly indicating a more pronounced pro-
inflammatory condition on the eye surface of subjects
involved in GRIM study.

The assumption of ocular surface inflammation
is confirmed by the statistically significant higher
concentrations of IL1p, IL10 and VEGEF in tears of
eye-ill people, and additionally, significantly higher
concentration of MIF cytokine in tears derived from
POAG patients. In contrast to these results, the Th1/
Th2 ratio is significantly lower in POAG and OHT
compared to HC. These differences may be due to the
fact that IL1p, IL10, IL4 and MIF are undetectable
in the tears of the majority of healthy subjects, while
they are detectable in all or nearly all patient samples.

Most studies examine cytokine levels in long-term
treated patients with ocular disorders; it is known that
long-term antiglaucoma treatment is accompanied by
higher concentrations of inflammatory cytokines in
the aqueous humor in comparison to cytokine levels
in the aqueous humor of patients without treatment
[27]. Based on this finding, one could expect long-
term treated patients to have elevated cytokine con-
centrations in tears compared to untreated patients,
but the opposite may prove to be true: As far as
we know, the presented data indicate for the first
time that inflammation is present also in untreated
patients with ocular hypertension. Moreover, by the
significantly higher IFNy/IL4 ratio we demonstrate
even stronger inflammation on the ocular surface of
the untreated follow-up OHT subjects compared to
treated POAG patients, finding further supported
by insignificantly higher concentrations of IL1f and
IFNy in tears of untreated patients with OHT com-
pared to long-term treated patients with POAG. The
question remains whether inflammation on the eye
surface in POAG patients is caused by the disease per
se or can be attributed to long-term treatment with
preservative eye drops. Nevertheless, since the pre-
sented study does not include glaucoma patients with-
out treatment or ocular hypertension patients who are
receiving treatment, this perturbing issue could not be
elucidated here.

Focusing on treatment in more details, the pres-
ence of the preservative agent benzalkoniumchlo-
ride in some of the drugs may represent agent influ-
encing the cytokine composition of tears. Several
studies indicate that there are differences between
patients treated with BAC-containing and BAC-free
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drops [28-30]; in our study, however, only a trend
toward stronger inflammation on the eye surface can
be noticed in patients treated with BAC-conserved
drugs compared to patients treated with BAC-free
drops. On top of that, this output can be affected by
the number of drops applied per day and therefore,
the conclusions are not so clear. The outcome is con-
sistent with a finding of a higher concentration of 22
cytokines, though non-significant, and a significant
increase in the concentration of other 4 cytokines in
tears of patients treated with preserved latanoprost
compared to patients treated with preservative-free
latanoprost [31]. Contrary to preservatives, differ-
ent types of medication do not seem to affect the
inflammation on the eye surface in a different man-
ner [32]. In the presented study, though, the POAG
group was quite homogeneous with respect to medi-
cation — most patients were treated with prostaglandin
analogs — and this finding could not be verified.

The magnitude of intraocular pressure and the
thickness of the retinal nervous fiber layer represent
factors with so far uncertain effect on the condition
of the ocular surface. Experimental elevation of IOP
in glaucoma rat models is known to affect the expres-
sion of mRNA in retinal cells, which is associated
with neuroinflammatory response and cellular apop-
tosis [33]. As mentioned earlier, several inflammatory
cytokines in the aqueous humor of POAG patients
have been found to be associated with increased reti-
nal ganglion cell death and elevated IOP [22, 23]. The
link between ocular pressure and tear cytokine levels
also shows a study by Geoffrion et al. [20] that indi-
cates an association between an IOP elevation and an
increase in levels of IFNy and IL1f in tear fluid. In
our study, however, the level of IOP does not seem
to affect the composition of tears between the group
of patients with normal IOP and IOP higher than
20 mmHg. Our results show only higher concen-
tration of IL1P, IL10, VEGF, MIF in tears of both
patient groups or one of the patient groups compared
to HC. Our results may reflect small difference in IOP
levels in patient groups (IOP p <20 mmHg, mean:
15 mmHg; IOP >20 mmHg, mean: 22 mmHg). Simi-
larly, when we studied the correlation between the
thickness of RNFL and the concentration of cytokines
in tears, we did not see any significant results. In con-
trast to the factor of treatment, which may act directly
on the surface of the eye, the ophthalmological factors
as IOP and RNFL may act more on the expression
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of cytokines in the retina than on the expression of
cytokines by cells on the eye surface. Therefore, fur-
ther investigation in larger cohorts of patients homo-
geneous in treatment but with more profound differ-
ences in the level of intraocular pressure and RNFL
thickness is necessary.

We detected and quantified 6 cytokines in tears of
POAG and OHT patients, some of which were exam-
ined in tears of glaucoma patients for the very first
time. Based on presented results we conclude: (1)
The eye surface of patients with treated POAG and
untreated OHT shows an inflammatory environment
compared to healthy controls (significant differences
in levels of IL1p, IL10, VEGF, MIF); (2) Although
both diseased groups have been diagnosed with their
disease for a long time, there is a trend to higher lev-
els of inflammatory cytokines IL13 and IFNy and
significantly higher IFNy/IL4 ratio in tears of patients
with untreated OHT compared to patients with long-
term POAG; (3) Relationship between inflammatory/
anti-inflammatory cytokines in tears of long-term
POAG or OHT patients and clinical characteristics,
magnitude of IOP and thickness of RNFL has not
been confirmed. The limitation of the study is a num-
ber of patients, particularly in the OHT group, and
the lack of OHT patients on treatment and POAG
subjects without treatment, which would allow us to
answer more clearly the question of how much the
disease itself can affect the composition of tears on
the surface of the eye. This should be taken into an
account when interpreting the data and also in future
studies.

Understanding how cytokines function on the sur-
face of the eye with regard to various eye diagnoses,
risk factors, types of treatment, intraocular pressure,
changes in the optic nerve, and other clinical param-
eters may lead to a determination of the appropriate,
accurate, and specific treatment for an individual
POAG patient, or to early detection of conversion of
OHT to glaucoma. This should lead to a reduction in
ocular surface inflammation which is shown in our
study and by others, and to a subject’s better condi-
tion without feeling of dry or irritated eyes.
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