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glaucoma and age-related cataract
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Purpose: To study the ciliary neurotrophic factor (CNTF) concentration in the aqueous humor (AH), lacrimal fluid (LF),
and blood serum (BS) in patients with age-related cataract and primary open-angle glaucoma (POAG).

Methods: CNTF concentrations were studied in 61 patients with age-related cataract, 55 patients with POAG combined
with cataract, and 29 healthy controls (one eye in each person). Preliminary experiments permitted us to extend the
minimum quantifiable value of the CNTF Quantikine enzyme-linked immunosorbent assay (ELISA) kit to 2.5 pg/ml.
Results: The levels of CNTF in LF and BS did not differ in patients with cataract and controls. The CNTF concentra-
tion (pg/ml) in patients with POAG and cataract was lower than in patients with cataract (p<0.001) in AH (39.9+26.2
versus 57.2425.6) and in LF (25.7£14.9 versus 39.9+18.0). The differences were not statistically significant for the CNTF
level in BS (5.45+4.72 versus 5.96+4.92) and the AH/LF ratio (1.69+1.05 versus 1.58+0.70). In the patients with POAG,
the AH level of CNTF correlated with the visual field index (Pearson’s correlation coefficient r = 0.35, p = 0.01). A
statistically significant decrease in the AH and LF concentrations of CNTF was observed in patients in all stages of
POAG compared with the cataract group. This decrease was particularly prominent in patients with severe glaucoma.
Compared to patients with combined early and moderate stages of disease patients with advanced glaucoma showed
an insignificant reduction in the median CNTF concentration in AH and LF. The serum CNTF concentration did not
show any dependence on the glaucoma stage. The CNTF concentration in the AH strongly correlated with the CNTF
concentration in the LF (r=0.71, p<0.000). A formula was suggested to calculate the concentration of CNTF in AH based
on the CNTF concentration in LF.

Conclusions: The CNTF concentration is reduced in the AH and LF of patients with POAG, especially in those with
severe visual field loss. The CNTF concentration in AH and LF showed a strong correlation, and this phenomenon opens
up new options for a noninvasive estimation of the CNTF concentration in AH. The CNTF concentration established in
the AH, LF, and BS of patients with age-related cataract can serve as normative data for persons older than 50 years old.
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Neurotrophic factors are a class of regulatory proteins
of the nervous tissue that promote proliferation, differentia-
tion, survival, and functioning of neurons [1-3]. Neurotrophic
factors are expected to play an important role in severe eye
diseases, such as glaucoma, age-related macular degenera-
tion, etc. Among these proteins, ciliary neurotrophic factor
(CNTF) belonging to the neuropoietic cytokine family has
attracted much attention [2,3].

CNTF is one of the most widespread cytokines in the
nervous tissue [3]. The neuroprotective properties of CNTF
have been demonstrated in animal models of the optic nerve
or retinal damage [4-6]. Clinical trials of CNTF delivered by
the intraocular encapsulated cell technology implant NT-501
(Neurotech Pharmaceuticals, Inc.) have been performed in
severe eye diseases, such as age-related macular degeneration
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and retinitis pigmentosa [7-9]. CNTF was found in the inner
and outer layers of the retina [5,10,11], the RPE [12], and the
cells of the optic nerve head [13].

Analysis of the neurotrophic factors in the human eye
may be of great importance for clarification of the patho-
genesis of glaucoma and other ophthalmic diseases and
evaluation of the efficacy of treatments that influence the
concentrations of neurotrophic factors in the eye. However,
in practice these studies are unrealizable outside planned
surgical interventions. A single proteomics study reported
the presence of the CNTF receptor (CNTFRa) in the aqueous
humor (AH) of patients who underwent surgery for an
uncomplicated cataract [14].

Scarce information, limited to a few biologic substances,
exists on the interrelation of substance concentrations in
lacrimal fluid (LF) and AH [15-20]. Previously, in a small
group of patients operated for age-related cataract, a statisti-
cally significant correlation between AH and LF concentra-
tions was shown for CNTF and brain-derived neurotrophic
factor (BDNF) [21,22].
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Therefore, we studied the CNTF levels in the LF, AH,
and blood serum (BS) of patients with age-related cataract
and primary open-angle glaucoma (POAG). The main
purpose was to study CNTF levels in the AH of patients with
POAG, while the secondary objective was to examine the
interrelations between CNTF concentrations in LF and AH.

METHODS

Subjects: We examined 116 patients (75 women, 41 men, age
range 53-88 years) operated in The S. Fyodorov Eye Micro-
surgery Federal State Institution and 29 healthy volunteers
(20 women, 9 men, age range 61-78 years) enrolled among
persons undergoing routine periodic ophthalmic examina-
tion in the same Institution. All subjects were divided into
three groups. Group 1 (the main or cataract and POAG group)
consisted of 55 consecutive patients (55 eyes) with POAG,
operated for age-related cataract. Group 2 (the comparison
or cataract group) included 61 consecutive patients (61 eyes)
without POAG, operated for age-related cataract. Group 3
(the control group) included 29 persons (29 eyes) without any
ophthalmic diseases.

The inclusion criteria were age older than 50 years,
axial length of the eye less than 26 mm, and amount of LF
sufficient to measure CNTF levels. For patients with POAG,
the inclusion criteria were uncomplicated phacoemulsifica-
tion, open angles at gonioscopy, intraocular pressure (IOP)
<26 mmHg preoperatively, and reliable repeated standard
automated perimetry (Humphrey Field Analyzer I, Carl
Zeiss Meditec Inc., Dublin, CA) using the Swedish Interactive
Threshold Algorithm (SITA) Standard 24-2 program. In the
comparison group, the inclusion criteria were uncomplicated
age-related cataract, uneventful phacoemulsification, and
postoperative best-corrected visual acuity not less than 20/40.
Subjects in the cataract and control groups should have had
IOP <21 mmHg, normal Humphrey visual fields, and normal
appearance of the optic disc and retinal nerve fiber layer. In
the patients, a thorough examination including perimetry and
optical coherence tomography was performed (repeated) after
the operation. The POAG stage was established according
to Glaucoma Staging System suggested by Mills et al. [23].

The exclusion criteria were any serious ophthalmic
diseases (uveitis, degenerative diseases of the retina, corneal
dystrophies, etc.), any ophthalmic surgery during the previous
3 months, and severe somatic pathology (diabetes mellitus,
autoimmune or oncological diseases, etc.). Persons with
initial or mild manifestations of somatic diseases, such as
essential hypertension, ischemic heart disease or cardiac
arrhythmias, etc., were not excluded.
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The same surgeon operated on all patients. This study
adhered to the tenets of the Declaration of Helsinki and
had local ethics committee approval with written informed
consent obtained from all subjects.

Specimens sampling and CNTF determination: In both
groups of patients, AH and fasting venous blood were
collected during the phacoemulsification. AH (100—120 pl)
was taken immediately after entering the anterior chamber.
LF was sampled on the day preceding the surgery to evade
the influence of drugs instilled into the conjunctival fornix
in the evening and morning before surgery. Similar to the
patient groups, in the control group LF and blood were not
collected on the same day.

In all subjects, a pipette was used to sample stimulated
LF (secreted by the lacrimal gland in response to gentle
touch of the cornea with the disposable tip of the pipette).
A minimal sample of 100 pul was needed to measure CNTF
in LF or AH. To obtain serum, blood samples collected in
Gel/Clotting activator S-Monovette tubes (Sarstedt GmbH,
Niimbrecht, Germany) were left at room temperature for 30
min and centrifuged at 1,500 xg for 15 min. The BS, AH,
and LF samples were stored at —25 °C in polypropylene tubes
(Sarstedt GmbH, Niimbrecht, Germany) and analyzed within
3 months from sampling. The author who performed the
CNTF analyses (TAD) was blinded to the patients’ details.

Upon thawing, the samples were centrifuged at 4,000 xg
for 15 min at 4 °C to ensure complete removal of the debris.
The CNTF concentration was measured in biologic fluids
using Human CNTF Quantikine enzyme-linked immunosor-
bent assay (ELISA) kits (R&D Systems, Inc., Minneapolis,
MN) on a ChemWell 2910 automatic analyzer (Awareness
Technology, Inc., Palm City, FL); the diluting solution of
the kit was substituted to PBS (1X; 137 mM NaCl, 2.7 mM
KCI, 10 mM NaPO,, 1.76 mM KPO,, pH 7.4) containing 1%
bovine serum albumin (1% BSA in PBS). This solution was
selected from six different diluents based on the optimal
adjuvant properties and the lowest blank absorbance for
CNTF measurements in diluted (1:3) AH and LF samples.
The standard curve was created using calibrating solutions
between 0 and 250 pg/ml (Figure 1). The minimum quantifi-
able value for the CNTF ELISA with the selected diluent was
determined to be 2.5 pg/ml.

Statistical analysis: Statistical analysis was performed using
R software package version 3.2.3 (The R Foundation for
Statistical Computing, accessed February 12, 2017). The
minimal required number of subjects in groups 1 and 2 was
51. It was calculated with the equationnl =n2=(Z __,+ Z]_B)2
X (0,> + 0,%) / d* [24], where o, and o, are standard deviations
of CNTF levels in AH in groups 1 and 2 (27 and 23 pg/ml in
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Figure 1. Representative CNTF

standard curve obtained using

[ Human CNTF Quantikine ELISA
0 ! L L L L L L L . L L ! kits with 1% BSA in PBS as diluent
0 50 100 150 200 250 300 (calibrating solutions 0250 pg/ml).
CNTF (ngmL) The inset is an enlargement of the

0-17.5 pg/ml portion of the graph.

the preliminary study, respectively), d is the minimal detect-
able difference (assumed 14 pg/ml), a was chosen to be 5%,
and power (1-f) set at 80%.

The associations of the variables were analyzed with a
simple linear regression. Pearson’s correlation coefficients
(r) were calculated as well. The data sets were checked for
outliers with Bonferroni adjustment of the p value for the
largest absolute Studentized residual [25]; cases with Bonfer-
roni-adjusted p value of less than 0.05 were excluded. The
correlation coefficients were compared, and if appropriate,
a common (weighted) correlation coefficient was calculated
[26]. For the strength of the association for the absolute values
of the correlation coefficient, 0.20—0.39 was regarded as
weak, 0.40—0.59 as moderate, and 0.60—0.79 as strong [27].

Continuous variables were compared with Welch’s ¢ test
or the Mann—Whitney U test, as appropriate; comparisons
in three or more groups were performed using the Kruskal—
Wallis test and post hoc pairwise comparisons with p value
adjustment for multiple comparisons. Categorical variables
were compared with Fisher's exact test.

Summary statistics on the data sets of BS with a portion
of observations (<25%) below the minimum quantifiable
value (censored) were performed using the Kaplan—Meier
method for groups of fewer than 50 cases; otherwise, the
maximum likelihood estimation method was used [28,29].
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The generalized Wilcoxon test or two-sample maximum like-
lihood estimation test was used for comparison of variables
with censored values [28,29]. A p value of less than 0.05 was
considered statistically significant.

RESULTS

Four samples of BS in the cataract group and one sample
of BS in the control group were excluded from the study
because of hemolysis. The CNTF concentration in LF was
not examined in two patients in the cataract and POAG group
due to technical errors. Twenty-two values in BS (11-24% in
different groups) were below the validated assay range.

The mean age of the patients in the control group was
statistically significantly lower than that in the cataract group.
To compensate for the age difference, we formed a subgroup
(the cataract subgroup) by excluding patients younger than 61
years and older than 75 years (two of five 75-year-old patients
were also excluded). The CNTF concentrations in the LF and
BS, as well as the age and gender characteristics of the cata-
ract subgroup and controls, are presented in Table 1.

According to the data shown in Table 1, the CNTF levels
in the LF and BS of the patients with cataract did not differ
from those in healthy controls. Thus, age-related cataract has
little or no effect on the CNTF level in the LF and BS.
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TABLE 1. AGE AND GENDER CHARACTERISTICS AND CNTF CONCENTRATIONS (PG/ML) IN THE
LACRIMAL FLUID AND BLOOD SERUM OF CATARACT PATIENTS AND HEALTHY CONTROLS.

Variable Cataract subgroup (n=33) Control group (n=29%

Age

mean+SD 67.8+4.0 67.5+4.7

range 61-75 61-78

median (IQR) 67.0 (65.0-71.0) 66.0 (65.0-70.0) °
Sex

women, n (%) 23 (70%) 20 (69%) ©
CNTF in lacrimal fluid

mean+SD 41.5£19.0 40.1£12.1

range 4.6-92.4 16.8—66.8

median (IQR) 42.6 (28.2-52.5) 40.2 (31.2-48.0)°
CNTF in blood serum

mean+SD 5.87+4.95 5.78+2.80

maximum 26.50 12.10

median (IQR) 4.20 (2.60-6.60) 4.90 (3.00-7.90) ¢

n/n censored 32/6 28/5

The differences between cataract subgroup and control group are not significant (*Mann—Whitney U test,
°Fisher's exact test; ‘two-sample maximum likelihood estimation test) SD — standard deviation; IQR — in-
terquartile range; n censored - number of observations below the minimum quantifiable value 2.5 pg/ml
aFor CNTF in blood serum n is indicated in the last row.

Next, we compared the main group (the cataract and
POAG group) with the comparison (cataract) group. These
two groups did not differ by gender: 32 (58%) versus 43
(70%) women (p=0.18). The age difference was also not
statistically significant: 72.4+6.20 (range: 55—-84) versus
69.8+8.80 (53—88) years (p=0.07). The data sets for the CNTF
concentrations in the biologic fluids studied in both groups
are presented in Table 2. The relationship between the CNTF
concentrations in the AH and LF (the AH/LF ratio) is also
shown in Table 2.

The CNTF levels varied in a relatively wide range in all
biologic fluids studied. In both groups, the CNTF concentra-
tion was highest in the AH, somewhat lower in the LF, and
much lower in the BS.

The CNTF levels in the AH and LF of the patients with
glaucoma were statistically significantly lower than those in
patients with cataract without POAG. The decrease in the
CNTF concentration in the AH of the patients with POAG
was proportional to the decrease in the Humphrey visual field
index (VFI) indicative of glaucoma severity, showing a weak
but statistically significant Pearson’s correlation: r=0.35,
p=0.011 (Figure 2).

To study further the role of glaucoma progression,
the CNTF concentrations were compared in patients with

different POAG stages (due to the small number of cases,
patients with early and moderate glaucoma were combined
into one group). The detailed characteristics of patients with
different POAG stages are presented in Table 3. The CNTF
concentrations in the AH, LF, and BS did not show statis-
tically significant correlations with the variables listed in
Table 3 with only one exception: The CNTF level in the LF
correlated statistically significantly with the IOP (Pearson’s
r=0.39, p=0.005).

Patients with different POAG stages had similar gender
characteristics, IOP, and surgical treatment but differed
statistically significantly by age and medical treatment
with o,-adrenergic agonists. The CNTF changes depending
on POAG stage are shown in Table 4. Means adjusted by
age, gender, IOP, medical, laser, and surgical treatment are
included in this table. A 72-year-old female patient with an
IOP of 17 mmHg who received only B-blockers who did not
have any laser or surgical treatment was taken as the standard.

The adjusted CNTF values demonstrated mostly the
same relationships as the unadjusted ones. The decrease in the
CNTF levels in the AH and LF was particularly prominent
in patients with severe glaucoma (the difference with early to
moderate POAG was statistically significant for LF and with
the adjustment, for AH). Compared to patients with early to
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moderate POAG, patients with advanced glaucoma showed
an insignificant reduction in the median CNTF concentration
in AH and LF.

When compared to the cataract group (see Table 2),
patients in all stages of POAG demonstrated statistically
significant decreases in AH and LF concentrations of CNTF
(p<0.05; for the severe stage of the disease p<0.001, the
Kruskal-Wallis test with post hoc pairwise comparisons with
the Holm method). The CNTF concentration in serum did not
show any dependence on glaucoma stage.

The CNTF level in the AH was statistically significantly
correlated with the CNTF level in LF: The Pearson’s correla-
tion coefficient was r=0.62 (95% confidence interval [95%
CI]: 0.44-0.76, p<0.000) in the cataract group and r=0.72
(95% CI: 0.57-0.83, p<0.000) in the cataract and POAG
group. These coefficients were not statistically significantly
different; a common (weighted) correlation coefficient was
0.71 (95% CI: 0.60—-0.79, p<0.000). In the cumulated group of
patients with cataract and POAG and patients with cataract, a
formula for estimating the concentration of CNTF in AH (y)

© 2017 Molecular Vision

depending on its concentration in LF (x) was derived with a
simple linear regression:

y=15.07+0.963 x x

(p<0.000; adjusted R?>=0.527; standard error [SE] of
intercept=3.28; SE of regression coefficient=0.087).

DISCUSSION

In this work, we present new quantitative data on the concen-
trations of CNTF in human AH, LF, and BS. Due to the low
level of CNTF in these biologic fluids, particularly in BS,
assessing the CNTF concentrations using the existing ELISA
kit with a low sensitivity (lower limit of quantitation 8 pg/
ml) was a challenge. Our preliminary experiments permitted
the introduction of some changes in the evaluation procedure
and extended the minimum quantifiable value of CNTF to
2.5 pg/ml.

Limited information exists on CNTF concentration in
BS. Some authors reported on the absence of CNTF in BS [§],
while others found levels of about 1.9 pg/ml [30] or 9 pg/ml
[31]. The present results fit within this concentration range.

TABLE 2. CNTF CONCENTRATIONS IN THE BIOLOGIC FLUIDS (PG/ML) AND THE AQUEOUS
HUMOR TO LACRIMAL FLUID RATIO IN CATARACT PATIENTS WITH AND WITHOUT POAG.

Biologic fluid Cataract and POAG group Cataract group P
(n=55) (n=61")
Aqueous humor
mean+SD 39.9426.2 57.2+£25.6 <0.001
range 3.4-135.2 7.0-135.2

median (IQR)

Lacrimal fluid

36.6 (24.5-47.7)

mean+SD 25.7+£14.9 "
range 3.2-84.4
median (IQR) 23.8 (17.6-31.4)
Aqueous humor / lacrimal fluid ratio
mean+=SD 1.69£1.05°
range 0.45-6.88
median (IQR) 1.48 (1.15-1.82)
Blood serum
mean+SD 5.45+4.72
maximum 20.30
median (IQR) 4.12 (2.49-6.83)
n/n censored 55710

57.0 (38.0-72.8)
39.9+18.0 <0.001
46-92.4

38.4 (28.2-50.2)

1.58+0.70 NS
0.33-4.33
1.47 (1.09-1.82)

5.96:4.92 NS
29.50

4.59 (2.82-7.47)

57/7

Statistical analysis was performed by Mann—Whitney U test; CNTF in blood serum was compared by the
generalized Wilcoxon test POAG — primary open-angle glaucoma; SD — standard deviation; IQR — in-
terquartile range; n censored - number of observations below the minimum quantifiable value 2.5 pg/ml;
NS — non-significant * For blood serum n=57 ® n=53 (two cases excluded with CNTF in lacrimal fluid not

examined)
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As for AH, previously a single proteomics study reported on
the presence of the CNTF receptor (CNTFRa) in AH sampled
during cataract surgery [14]; however, these data were not
confirmed in other proteomics studies [32,33].

The present study was performed in patients with age-
related cataract. Selecting this cohort of patients was moti-
vated by the high prevalence of the disease, frequent need
for surgical treatment, and its relatively benign course that
is not accompanied by significant immune or inflammatory
changes (largely because the lens is avascular and devoid
of nerve elements). We did not find statistically significant
differences in the CNTF concentrations in the LF and BS of
the healthy controls and patients with cataract. These data
confirmed our assumption that age-related cataract has little
or no effect on the CNTF levels in the LF and BS. The strong
correlation of CNTF levels in AH and LF found in the present
study suggests that age-related cataract does not influence
the CNTF level in AH. Thus, we assume that the new values

© 2017 Molecular Vision

of the CNTF levels in the AH and LF of patients with age-
related cataract established in the present study can serve as
normative data for healthy people older than 50 years of age.

The data for the CNTF level in the AH of patients
with POAG provide new insight into pathogenesis of this
potentially blinding disease. The present study shows that
the CNTF concentration decreases in the AH of the patients
with POAG, and this process goes in parallel with the disease
progression (reduction in the VFI). The median CNTF level
in AH showed a 27% decrease in early to moderate glaucoma,
a 32% decrease in advanced glaucoma, and a 55% decrease in
the severe stage of the disease. The relatively small reduction
in the advanced stage compared to the combined early and
moderate stage of the disease could be associated with the
high variability of CNTF levels in AH, because the reduction
in the median CNTF level in LF in the advanced stage is
much more pronounced.

CNTF in AH (pg/mL)

Figure 2. Plot of the CNTF concen-

100 80 60 40

VFI (%)
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tration in aqueous humor versus
20 0 the Humphrey visual field index.
The solid line represents the linear
regression fit. Note the reversed

X-axis.


http://www.molvis.org/molvis/v23/799

Molecular Vision 2017; 23:799-809 <http://www.molvis.org/molvis/v23/799> © 2017 Molecular Vision

TABLE 3. AGE AND GENDER CHARACTERISTICS, [OP, MEDICAL, LASER, AND SURGICAL
TREATMENT IN THE MAIN GROUP DEPENDING ON THE POAG STAGE.

POAG stage P
Variable 1/2. Early to 3. Advanced 4. Severe (n=16)
moderate (n=21) (n=18)
Age
mean+SD 73.3£6.0 74.2+59 69.1£5.9 0.031°
range 55-83 60-84 58-79
median (IQR) 73.0 (71-78) 75.5 (71-78) 70.5 (64.8-74)
Sex
Women, n (%) 15 (71%) 11 (61%) 6 (37.5%)
IOP, mmHg
mean+SD 17.6£3.7 18.444.1 15.2+4.2
range 8-25 7-25 10-23
median (IQR) 17 (16-19) 19 (17-20.5) 14 (11-19)
Medications, n (%)
B-blockers 15 (71%) 15 (83%) 10 (63%)
Prostaglandin 10 (63%)
analogs 7 (33%) 6 (33%)
Topical 8 (38%) 5 (28%) 2 (13%)
carbonic
anhydrase
inhibitors
a,-adrenergic 1 (6%) 0.044°
agonists - 4 (22%)
Laser treatment and surgery
SLT 3 (14%) 1 (6%) 1 (6%)
NPDS 7 (33%) 7 (39%) 6 (38%)
NPDS+deferred 3 (14%) 5 (28%) 4 (25%)
Nd:YAG goniopuncture

aKruskal-Wallis test;® Fisher's exact test POAG — primary open-angle glaucoma; SD — standard deviation;
IQR — interquartile range; IOP — intraocular pressure; SLT — selective laser trabeculoplasty; NPDS — non-

penetrating deep sclerectomy

CNTF has been studied extensively in animals after optic
nerve damage or in glaucoma models. Numerous studies have
shown the neuroprotective effect of CNTF on retinal ganglion
cells [4,34,35]. The level of CNTF increased in the first 4—8
weeks after major damage (crash, section, etc.) to the optic
nerve [5,6]. In a mouse glaucoma model, CNTF also showed
upregulation in the early terms of the disease but declined
statistically significantly at the advanced stages (at the 30th
week) [11]. The present results showing a prominent CNTF
reduction in the severe stage of POAG are consistent with the
latter data. We did not see CNTF upregulation in the patients
in the present study even in the initial stages of the disease,
apparently due to its long course.
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It is not known whether CNTF deficiency in the AH
of patients with POAG is the result or one of the causative
factors of retinal ganglion cell death in POAG. In both cases,
the CNTF supply to the eyes of patients with glaucoma seems
beneficial and might promote survival of the retinal ganglion
cells. Now, when modern methods offer possibilities for a
continuous delivery of CNTF into the eye [7-9], the new
data on CNTF deficiency in the AH of patients with POAG
provide a basis for investigating such treatment methods in
glaucoma.

Of special interest are the data on the similarity of the
CNTF AH/LF ratio in patients with cataract with and without
POAG. Studies have reported on different biologic substances
in the LF, implying that the changes in the concentration in
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TABLE 4. CNTF CONCENTRATIONS IN THE BIOLOGIC FLUIDS (PG/ML) AND THE AQUEOUS HUMOR
TO LACRIMAL FLUID RATIO IN THE MAIN GROUP DEPENDING ON THE POAG STAGE.

POAG stage
Biologic fluid 1/2. Early to 3. Advanced (n=18) 4. Severe (n=16) P/P .
moderate (n=21)

Aqueous humor
mean+SD 44.6+25.9 45.2+31.6 27.7+14.6 NS/
mean (adjusted) 453 427 28.2 0.028 ®
range 4.6-130 10.8-135.2 3.4-48.8
median (IQR) 41.4 (30.6-54.7) 38.8 (26.6—46.4) 254 (16-38.1)

Lacrimal fluid
mean+SD 28.5+14.6 ¢ 27.5+16.8 19.9+11.8 0.041 ¢/
mean (adjusted) 28.3 26.6 22.7 NS
range 3.2-67.6 7.6-84.4 4.4-52.8
median (IQR) 28.5(23.1-35.9) 23.7 (20-26.3) 20.0 (13.2-23.8)

Aqueous humor / lacrimal fluid ratio
mean+SD 1.89+£1.47 @ 1.68+0.75 1.44+0.62 * NS/
mean (adjusted) 1.91¢ 1.58 1.49 NS
range 0.56-6.88 0.45-3.48 0.66-2.77
median (IQR) 1.50 (1.28-1.78) 1.58 (1.28-1.93) 1.26 (1.07-1.75)

Blood serum
mean+SD 4.60+2.24 6.32+4.01 5.78+2.76 NS/
mean (adjusted) 3.21 5.19 4.21 NS
Maximum 11.6 20.3 10.6
median (IQR) 3.90 (2.70-5.60) 4.80 (3.80—-6.60) 4.50 (3.20-8.00)
n censored 5 2 3

Statistical analysis was performed by Kruskal-Wallis test with post hoc pairwise comparisons by Holm
method; CNTF in blood serum was compared by the generalized Wilcoxon test SD — standard deviation;
IQR - interquartile range; n censored - number of observations below the minimum quantifiable value 2.5
pg/ml; NS — non-significant; means are adjusted by age, sex, IOP, medical, laser, and surgical treatment;
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P — P for adjusted values * One case excluded with CNTF in lacrimal fluid not examined * P,
=0.017 ¢ Without two extreme outliers, mean+SD=1.43+0.35, mean (adjusted)=1.45.

adj

¢ P1/241

LF could be indicative of changes in the substances’ intra-
ocular levels. For example, a decrease in the BDNF level in
LF in glaucoma was regarded as a possible indicator of the
BDNF decline in the eye [36], although such an assumption
has not been justified. Therefore, the second objective of this
study was to determine the interrelations between CNTF
concentrations in the eye (in AH) and in LF. A strong corre-
lation between CNTF levels in AH and LF was found, and it
is the second important new result of this study. The formula
established with a simple linear regression opens up new
possibilities and is promising for indirect studies of CNTF
concentrations in the AH of patients with different eye condi-
tions. Certainly, such studies should be limited to groups of
patients and not to individual subjects. In addition, it is quite
possible that conditions other than POAG could influence the

=0.010

dj 1/2-4

AH/LF ratios of neurotrophic factors; this issue needs further
clarification and will be the subject of our future studies.

The correlations between the CNTF levels in AH and
LF may actually be much stronger; they may be partially
masked due to the sampling of AH and LF on different days.
This suggestion was confirmed by data in studies that used
same-day sampling of AH and LF and showed much stronger
correlations for interleukins (IL-4, IL-6, IL-8, and IL-10)
and matrix metallopeptidase 9 (MMP-9) in patients with
choroidal melanoma [19,20].

The CNTF concentration in the AH was higher than in
the LF. Other biologic substances could demonstrate different
relations between AH and LF levels. For example, similar
concentrations in AH and LF were found for proinflammatory
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cytokines (interleukins), and MMP-9 in patients with
choroidal melanoma [19,20] and for uric acid [17]. The
level of complement decay-accelerating factor (DAF) was
reported to be almost 70 times higher in LF compared to that
in AH [16], while the lactoferrin concentration was 30—40
times lower [18]. The AH/LF ratio for cystatin C [18] is the
inverse compared to the AH/LF ratio for CNTF found in the
present study. Some biologic substances identified in LF, such
as epidermal growth factor (EGF), were not found in AH
[15]. Possible reasons for these differences are not clear. If
the substance is supplied to the LF from the AH, then the
substance’s lipophilicity and molecular weight play an impor-
tant role [37].

The primary place of origin of the substance may be
relevant as well. In the case of CNTF, the present study data
indirectly point to its intraocular origin, because the CNTF
concentrations in AH and LF greatly exceed the concentra-
tion in BS. Numerous animal studies have shown the expres-
sion of CNTF in different cells and layers of the retina, as
well as cells of the optic nerve head [5,10-13].

Several limitations may present in this study, including: :
1. We studied CNTF levels in the AH of patients, although
apparently CNTF in the vitreous plays major role in the
survival of the retinal ganglion cells. It is not possible to
sample vitreous during uncomplicated cataract surgery.
Several studies suggest that the levels of cytokines in AH
reflect the vitreous levels of these molecules [38,39], although
for many proteins the levels in AH do not reflect those in the
vitreous [40]. No data of this kind exist for CNTF. Still, a
strong correlation of the CNTF concentration in AH and LF
suggests a similar strong correlation of CNTF concentrations
in AH and vitreous, although further study is needed.

2. In preliminary experiments, we extended the
minimum quantifiable value of the Human CNTF Quantikine
ELISA kit from 8.0 to 2.5 pg/ml. It was necessary to study the
BS concentrations of CNTF. However, it practically did not
influence the measurements of the CNTF concentrations in
AH and LF because only 4% of the AH and LF samples had
CNTF levels below 8.0 pg/ml. 3. The LF, AH, and BS were
not sampled on the same day; therefore, the correlations estab-
lished in the present study could be underestimated (partially
masked). 4. We collected stimulated LF, which could influ-
ence CNTF levels. However, it was the only way to obtain a
minimal amount of LF needed for examination, particularly
in elderly patients. 5. We did not study CNTF in the AH of
younger persons, because they usually have cataract of other
types caused by trauma, diabetes, uveitis, etc., which obvi-
ously could affect the concentrations of neurotrophic factors.
6. Patients with IOP > 26 mmHg were not included in the

© 2017 Molecular Vision

study, which could influence the IOP correlations with CNTF
levels. However, the recruitment of such individuals is diffi-
cult, because usually the IOP in such patients is lowered by
medications or surgery before phacoemulsification.

In conclusion, the CNTF concentration was decreased
in the AH and LF of patients with POAG in particular
with severe visual fields loss. These data could serve as an
additional reason for investigating modern approaches to
intraocular CNTF delivery in patients with glaucoma. The
CNTF concentration in AH and LF showed a strong correla-
tion. This phenomenon opens up new approaches for indirect
studies of the CNTF level in the AH of patients with POAG
and presumably with other ocular diseases, although further
research is needed. The CNTF concentrations in AH, LF, and
BS established in patients with age-related cataract can be
regarded as normative data in persons older than 50 years old.
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