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Abstract

Purpose

To investigate the serum levels of Brain Derived Neurotrophic Factor (BDNF) and Nerve
Growth Factor (NGF) in patients affected by primary open angle glaucoma with a wide spec-
trum of disease severity compared to healthy controls and to explore their relationship with
morphological and functional glaucoma parameters.

Materials and Methods

45 patients affected by glaucoma at different stages and 15 age-matched healthy control
subjects underwent visual field testing, peripapillary retinal nerve fibre layer thickness mea-
surement using Spectral Domain Optical Coherence Tomography and blood collection for
both neurotrophins detection by Enzyme-Linked Immunosorbent Assay. Statistical analysis
and association between biostrumental and biochemical data were investigated.

Results

Serum levels of BDNF in glaucoma patients were significantly lower than those measured in
healthy controls (261.2+75.0 pg/ml vs 313.6+79.6 pg/ml, p = 0.03). Subgroups analysis
showed that serum levels of BDNF were significantly lower in early (253.8+40.7 pg/ml, p =
0.019) and moderate glaucoma (231.3+54.3 pg/ml, p = 0.04) but not in advanced glaucoma
(296.2+103.1 pg/ml, p = 0.06) compared to healthy controls.

Serum levels of NGF in glaucoma patients were significantly lower than those measured
in the healthy controls (4.1+1 pg/mL vs 5.5+1.2 pg/mL, p = 0.01). Subgroups analysis
showed that serum levels of NGF were significantly lower in early (3.5+£0.9 pg/mL, p =
0.0008) and moderate glaucoma (3.8+0.7 pg/ml, p<0.0001) but not in advanced glaucoma
(5.0+0.7 pg/ml, p = 0.32) compared to healthy controls.
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BDNF serum levels were not related to age, visual field mean deviation or retinal nerve
fibre layer thickness either in glaucoma or in controls while NGF levels were significantly
related to visual field mean deviation in the glaucoma group (r* = 0.26, p = 0.004).

Conclusions

BDNF and NGF serum levels are reduced in the early and moderate glaucoma stages, sug-
gesting the possibility that both factors could be further investigated as potential circulating
biomarkers for the early detection of glaucoma.

Introduction

Glaucoma is the leading cause of irreversible blindness in the world. It has been estimated that
60.5 million people were affected by primary open-angle glaucoma and primary angle-closure
glaucoma globally in 2010 [1]. A recent meta-analysis estimates that the number of people
with glaucoma worldwide will increase to 111.8 million in 2040 [2].

Glaucoma is a complex, multifactorial, neurodegenerative disease characterized by a pro-
gressive degeneration of retinal ganglion cells (RGCs) [3,4].

The pathophysiology of glaucomatous neurodegeneration is not fully understood [4].
Neuronal loss occurs largely by apoptosis, probably induced by a broad variety of stimuli, and
possibly counteracted by neurotrophic factors (NTs), known to promote both neuronal devel-
opment and survival troughout binding to specific receptors [5].

Evidences from both humans and experimental models suggest that intraocular pressure
(IOP) elevation obstructs anterograde and retrograde axonal transport in RGCs axons at the
level of the optic nerve head, leading to RGCs death [6,7].

Several studies indicate brain derived neurotrophich factor (BDNF), Nerve growth factor
(NGF), ciliary neurotrophic factor (CNTF) and cell line derived neurotrophic factor (GDNF)
as principally involved in RGCs survival [8].

BDNF is produced by RGCs and other accessory cells, and in turn plays a vital role in RGCs
survival [9]. BDNF effects are mediated by binding to high-affinity receptor, tropomyosin
receptor kinase B (TrkB) and the pan-neurotrophin p75™"™~
retina and lamina cribrosa [10].

The first discovered neurotrophic factor, NGF is produced and utilized specifically by
RGCs, bipolar neurons and glial cells, and is thought to have crucial protective effects in sev-
eral disease states [11].

Cells signaling occurs by means of the specific tyrosin kinase receptor trkA and the pan-
neurotrophin receptor p75 (referred as p75™ ' ~) [12].

While trkA mediates mainly cell growth, formation, elongation and regeneration of neuri-
tis, p75™ ~ leads to cell apoptosis or survival in different cellular contexts [12].

Lambiase and coworkers reported that NGF eye drops reduced RGCs loss in glaucomatous
rats and that topical NGF treatment in three patients with advanced glaucoma improved all
parameters of visual function [13].

Furhtermore, Domenici and coworkers found that BDNF topical eye treatment recovered
pattern elettroretinogram and visual evoked potential impairment increasing the number of
Brn3 immunopositive RGCs in a glaucoma experimental model [14].

It has been demonstrated that both NGF and BDNF cross the blood brain barrier, with
higher permeability for BDNF, compared to NGF [15].

, constitutively expressed in the
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Changes in NGF and BDNF levels in the serum have been reported for central neurodegen-
erative diseases such as Alzheimer’s disease and Parkinson’s [16,17].

Ghaffariyeh and co-workers reported a reduction of BDNF tear levels in normal tension
glaucoma patients and a significant reduction of BDNF serum levels in early glaucoma [18,19].

No information is currently available regarding the serum levels of NGF in glaucoma
patients and their relationship with functional and morphological biomarkers of the disease.

Therefore, the aim of this study was to evaluate the levels of NGF and BDNF in serum of
patients affected by primary open angle glaucoma (POAG) with a broad spectrum of disease
severity, in comparison to healthy controls and to explore their relationship with morphologi-
cal and functional markers of disease severity.

Materials and Methods
Study population

This study has been approved by the ethics committee of IRCCS-Fondazione GB Bietti (Prot. CE
435/14) and of University of Rome Tor Vergata (Registro sperimentazionei 131.14), Rome, Italy.

Patients were recruited at University Campus Biomedico, at University of Rome Tor Ver-
gata, and at IRCCS-Fondazione GB Bietti (Rome, Italy).

The study was then conducted at the IRCCS-Fondazione G.B.Bietti and at the University of
Rome Tor Vergata, in accordance with the Declaration of Helsinki. Only patients older than
18 years old of both genders, and able to understand and sign the written informed consent
were enrolled.

Two groups were evaluated for the study: POAG patients group and healthy control-sub-
jects group. Forty-five patients were included in the POAG group (mean age 66+11.3 years, 24
males and 21 females) and 15 subjects were included in the control-subjects group (62.2+10.3
years, 6 males and 9 females, mean age).

Inclusion criteria for the glaucoma group were: history of IOP greater than 22 mmHg in at
least two occasions, open-angle on gonioscopy, the presence of a repeatable visual field (VF)
defect (as defined below), corresponding with optic nerve and RNFL damage as evaluated
ophthalmoscopically by two independent expert investigators (F.O. and G.R.), and confirmed
by the presence of one or more corresponding peripapillary retinal nerve fibre layer (RNFL)
sectors outside normal limits by Spectral Domain Optical Coherence Tomography, SD-OCT,
(Spectralis OCT, Heidelberg Engineering, Heidelberg, Germany).

A glaucomatous VF loss was defined as two consecutive reliable visual fields with glaucoma
hemifiled test outside normal limits, mean deviation (MD) and pattern standard deviation
with p<0.05, and a cluster in the pattern standard deviation plot of at least 3 points with
p<0.05, one of each with p<0.01, not contiguous with the blind spot and not crossing the hor-
izontal midline.

The reliablity indices considered were as follows: false positive <15%, fixation losses and
false-negative responses <25%.

Glaucoma patients were stratified according to the VF defect as follows: early glaucoma (15
patients with MD, < -6dB), moderate glaucoma (15 patients with -6dB>MD<-12dB),
advanced glaucoma (15 patients with MD>-12dB).

Patients with secondary glaucoma were excluded (Pigmentary glaucoma, Exfoliative glau-
coma, Steroid-induced glaucoma).

Healthy controls age/sex matched had to have an IOP less than 22 mmHg, open-angle on
gonioscopy, normal optic disc and VF test.

Participants in both groups were excluded if they had spherical refractive error greater than
16 diopters, astigmatism greater than +3 diopters, retinal diseases (including diabetic
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retinopathy or age-related macular degeneration), other optic neuropathies different than
glaucoma, opacities of optic media that could bias functional and structural testing, active
inflammatory or infective diseases, metabolic, autoimmune, neurological or neurodegenera-
tive diseases, blood coagulation diseases, pregnancy or breastfeeding.

Ophthalmological examination

Preliminary tests were performed to determine subject eligibility to be enrolled in the study.
These tests included a comprehensive ophthalmological examination: slit lamp evaluation,
gonioscopy, central corneal thickness and axial length measurements, VF testing by Hum-
phrey Field Analyzer using the 24-2 Swedish Interactive Threshold Algorithm Standard test
(Carl Zeiss Meditec, Dublin, CA), IOP measurement using Goldmann applanation tonometry,
and indirect dilated ophthalmoscopy with a 90 diopters lens.

All patients had peripapillary RNFL thickness measurements performed using the Spectra-
lis SD-OCT circular scan pattern. The scan circle around the optic nerve is approximately 3.5-
3.6 mm in diameter. Scans were acquired in High Speed mode. The Spectralis OCT software
(version 4.0) allows for automatic segmentation of the anterior and posterior borders of the
RNFL to calculate the average RNFL thickness for the overall global (360 degrees) and for four
quadrants superior [S], inferior [I], nasal [N], and temporal [T]). The average RNFL thickness
measurement was used in the analysis.

Informations regarding the ocular hypotensive treatments and systemic treatments were
also collected and are reported in Table 1.

Blood specimens

At the clinical units, participants underwent peripheral blood sample collection between 7 and
10 am in vacutainer tubes (PBI International, Milan, Italy), left at room temperature for 30
min,subject to centrifugation (3500g for 10 min) to collect serum and delivered to the Labora-
tory according to standard procedures.

In the lab, samples were further centrifuged to remove eventual red cells and aliquotes were
short-term stored at -70°C until processing.

Samples were analyzed within 3 months from sampling.

NGF and BDNF assays

For NGF quantification, a 2-site NGF immunosorbent assay (0.5 pg/mL sensitivity) was per-
formed by following the Weskamp and Otten procedure (1987), with minor modification
[20,21]. Sera were diluited 1:2 in assay diluent (10mM PB, 150mM NaCl, 0.5%BSA, 0.1%

Table 1. number of patients under ocular hypotensive treatments and systemic treatments in the whole study population.

Carbonic anhydrase inhibitors
Prostaglandin analogues
B-Adrenergic receptor antagonists
a2-Adrenergic receptor agonists
Systemic 8 blockers
ACE inhibitors
Ca antagonists
Statins
Proton pump inhibitors

doi:10.1371/journal.pone.0168565.1001

Early Glaucoma Moderate Glaucoma Advanced Glaucoma Healthy Controls
3 6 10 0
15 12 10 0
7 8 12 0
2 0 4 0
3 2 5 4
1 3 4 2
2 4 5 2
2 3 6 4
3 2 6 4

PLOS ONE | DOI:10.1371/journal.pone.0168565 January 9, 2017 4/14



@° PLOS | ONE

Brain Derived Neurotrophic Factor and Nerve Growth Factor in Glaucoma

Triton X100 and 1x protease inhibitor cocktail; ph7.5). In brief, 96-well Maxisorp enzyme-
linked immunoassay plates (Nunc, Roskilde, Denmark) were precoated with monoclonal anti-
human BNGF antibodies (0.4 pg/mL; MAB256; R&D Systems Inc, Minneapolis, Minnesota).
Standards (0.15 pg/mL to 1 ng/mL 2.5 S BNGF, mature active NGF; Alomone Labs, Jerusalem,
Israel) and samples were incubated at 4°C for 18 hours. Enzyme-linked immunosorbent assay
(ELISA) was developed by using polyclonal biotinylated anti-human NGF antibodies (0.15 pg/
mL, BAF256; R&D System), horseradish peroxidase streptavidin (1:300; DY998, R&D System)
and the ready-to-use 3,3',5,5 - TetraMethylBenzidine (TMB) substrate (eBioscience, San Diego,
CA, USA). Colorimetric signals (OD 490-560nm) were quantified using an ELISA plate reader
(Sunrise; Tecan Group Ltd., Midnnedorf, Switzerland). The data were normalized to total pro-
tein content as assessed at the beginning with the NanoDrop spectrophotometer (A280; Sun-
rise; Thermo-Fisher Scientific, Inc., Waltham, MA, USA). Under these conditions, no cross
reactivity with BDNF or Neutrophins 3/4/5 was observed. BDNF was quantified using a com-
mercially available high-sensitive ELISA (code DY248; sensitivity 20pg/ml; R&D System),
according to manufacturer’s suggestions with minor modifications. Colorimetric signals of
total protein quantification and data production were acquired as above. For NGF and BDNF
ELISA, assays were performed in duplicate for each sample.

Statistical analysis

Normality distribution of the data was checked by the Shapiro-Wilk test.

Descriptive analysis was expressed as mean and standard deviation (SD).

Differences in mean values between groups were evaluated by one-way analysis of variance
(ANOVA) followed by post-hoc Student-Newman-Keuls test for all pairwaise comparisons.
The differences between BDNF and NGF serum levels of each glaucoma subgroup and healthy
controls are expressed as mean, standard deviation and 95% Confidence Interval (CI) for the
mean.

Linear regression analysis was used to explore the relationships between biochemical
(BDNF and NGF) and clinical (demographic and ophthalmic) variables. A p value <0.05 was
considered statistically significant.

Statistical analysis was performed using MedCalc program (MedCalc Software INC., Maria-
kerke, Belgium, version 10.0.2.0).

Considering a SD of 40 pg/ml and a type 1 error of 0.05, a sample size of 14 patients in each
group was calculated to obtain a power of 80% to detect a difference of 45 pg/ml of BDNF
between groups.

Results

Forty-five glaucoma patients and 15 healthy controls were included in the study. Glaucoma
patients were categorized according to VF defect (15 patients with early glaucoma, MD<-6dB;
15 patients with moderate glaucoma, -12dB<MD>-6dB; 15 patients with advanced glaucoma
MD>-12 dB). Demographics and clinical characteristics of the study population are reported
in Table 2.

Particularly, no differences were found in axial length (p = 0.52), central corneal thickness
(p=0.23) and IOP (p = 0.19) between glaucoma patients and healthy controls.

As expected, the visual field defect was worst in glaucoma patients compared to the healthy
controls (p<0.001) as well as RNFL was thinner in the advanced stage of the disease compared
to the early and moderate stages (p<0.001) and controls (p<0.001).

BDNF serum levels were statistically reduced in glaucoma groups when compared to
healthy controls (261.2+75.0 pg/ml vs 313.6+79.6 pg/ml, p = 0.03). Similarly, NGF serum levels
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Table 2. Demographic characteristics of study population and results of ANOVA analysis to compare each glaucoma severity subgroups and
healthy controls.

N
Age
(years)
M/F
AL (mm)
IoP
(mmHg)
CCT (um)
MD (dB)
PSD (dB)
RNFL
(um)
BDNF
(pg/mi)

NGF (pg/
ml)

*SD (p values vs
controls)

45
66+11.3 (0.25)

24/21
24.1+1.7 (0.52)
14.8+2.5 (0.19)

523.3+37.5 (0.23)
-11.5£8.6 (<0.001)
7.4+4 (<0.001)
63£14.5 (<0.001)

261.2+75.0 (0.03)

4.1£1(0.001)

Glaucoma Total Mean | Early Glaucom Mean | Moderate Glaucomalean Advanced Glaucoma Healthy Controls p*
*SD (p values vs *SD (p values vs controls) | Mean*SD (p values vs | MeantSD (p values vs
controls) controls) controls)
15 15 15 15 Anova
60.5+12.9 65.7+9.9 71.9+8.3 (0.009) 62.2+10.3 0.02
10/5 7/8 7/8 6/9
24.5+1.5 24.7+2.3 23.4+1.1 23.8+1.4 0.15
14.842.4 14.8+2.1 14.943.2 13.9+1.7 0.63
522.3+44.3 530.2+29.9 516.6+42.9 535.8+26.5 0.5
-3.5+1.5(<0.0001) -8.6+1.5(<0.0001) -22.4+4.7 (<0.0001) -0.7+1.7 <0.001
3.5+1.8 8.5+3.6 (<0.0001) 10.2+2.7 (<0.0001) 2.1+0.9 <0.001
68.2+13.6 (<0.0001) 65.5+13.9 (<0.0001) 55.3+13.5 (<0.0001) 95+10.8 <0.001
253.8+40.7 (0.019) 231.3+54.3 (p = 0.04) 296.2+103.1 313.6£79.6 0.02
3.5+0.9 (0.0008) 3.8+0.7 (<0.0001) 5.0+0.7 5.5¢1.2 <0.001

Data are expressed as mean + standard deviation. p values of statistically different groups compared to healthy controls are in bold.
AL = axial length; IOP = intraocular pressure; CCT = central corneal thickness; MD = mean deviation; PSD = pattern standard deviation; RNFL = retinal
nerve fibre layer; BDNF = brain derived neurotrophic factor; NGF = nerve growth factor

doi:10.1371/journal.pone.0168565.t002

were stastistically reduced in the whole glaucoma population when compared to the healthy
controls (4.1+1 pg/ml vs 5.5+1.2 pg/ml, p = 0.01).

Subgroups analysis showed BDNF levels were significantly lower in early (253.8+40.7 pg/ml,
p = 0.019) and moderate glaucoma groups (231.3£54.3 pg/ml, p = 0.04) but not in advanced
glaucoma group (296.2+103.1 pg/ml, p = 0.06) when compared to the control group (Fig 1).

As well, NGF serum levels were significantly lower in early (3.5+0.9 pg/ml, p = 0.0008) and
moderate glaucoma groups (3.8+0.7 pg/ml, p<0.0001) but not in the group of advanced glau-
coma (5.0£0.7 pg/ml, p = 0.32) when compared to healthy controls (Fig 2).

The mean, the standard deviation and the 95%CI for the mean of the differences between
BDNF and NGF serum levels in each glaucoma subgroup and BDNF and NGF serum levels in
the control group are reported in Table 3 and Table 4.

Hypotensive treatments are reported in Table 1. Three patients in the advanced group have
been surgically treated, thus they were not under any topical hypotensive therapy.

BDNF, NGF and age

Patients with advanced glaucoma were statistically older with respect to early glaucoma and
healthy subjects (Table 1).

BDNF and NGF serum concentrations were not related to age in the whole glaucoma popu-
lation (BDNF/age r* = 0.004, p = 0.65; NGF/age r* = 0.10, p = 0.08) nor in controls (BDNF/age
1> = 0.03, p = 0.52; NGF/age r* = 0.02, p = 0.67).

Both NTs were not related to age either in all glaucoma subgroups (BDNF/age: early glau-
coma 1 = 0.02, p = 0.59; moderate glaucoma r* = 0.25, p = 0.06; advanced glaucoma r* = 0.01,
p = 0.65; NGF/age: early glaucoma r* = 0.11, p = 0.33; moderate glaucoma r* = 0.001, p = 0.92;
advanced glaucoma r* = 0.006, p = 0.81;).
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Fig 1. Comparison of BDNF serum levels between early glaucoma patients, moderate glaucoma patients, advanced glaucoma patients
and healthy controls. BDNF = brain derived neurotrophic factor. ¥ = p<0.05 for the post-hoc comparisons of each glaucoma severity subgroup

and healthy controls.

doi:10.1371/journal.pone.0168565.9001

BDNF, NGF and MD values

In the whole glaucoma population, BDNF serum levels were not statistically related to MD val-
ues (r* = 0.08, p = 0.06), while NGF serum levels were statistically related to MD values (r* =
0.26, p = 0.004). Since MD values were statistically related to age (r* = 0.15, p = 0.008), the lin-
ear regression analysis between both NTs and MD was adjusted for age and no statistically sig-
nificant relationship was found (BDNF/MD adjusted for age r* = 0.11, p = 0.27; NGF/MD
adjusted for age r* = 0.31, p = 0.28).

In healthy controls neither BDNF serum levels (r* = 0.23, p = 0.08) nor NGF serum levels
(r* = 0.09, p = 0.4) were related to MD values and age was not related to MD values (r*=0.02,
p=0.5).

BDNF, NGF and RNFL values

Both BDNF and NGF serum levels were not statistically related to RNFL thickness in the
whole glaucoma sample (BDNF/RNFL r* = 0.0002, p = 0.9; NGF/RNFL r* = 0.01, p = 0.48)
and RNFL thickness was not statistically related to age (r* = 0.01, p = 0.44). As well, in healthy
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A=

Serum NGF pg/mil

Early Moderate Advanced Healthy
glaucoma glaucoma glaucoma controls
Fig 2. Comparison of NGF serum levels between early glaucoma patients, moderate glaucoma patients, advanced glaucoma patients

and healthy controls. NGF = nerve growth factor. * = p<0.05 for the post-hoc comparisons of each glaucoma severity subgroup and healthy
controls.

doi:10.1371/journal.pone.0168565.g002

controls both BDNF and NGF serum levels were not related to RNFL thickness (BDNF/RNFL
1> = 0.004, p = 0.8; NGF/RNFL r* = 0.11, p = 0.22) and RNFL thickness was not statistically
related to age (r* =0.11, p=0.22).

BDNF, NGF and gender

Twenty-four males and 21 females were included in the whole glaucoma group. Both NGF
and BDNF serum levels were higher in females compared to males but the differences were
not statistically significant (BDNF: 263.53+97.5 pg/ml in females vs 247.22+71.74 pg/ml in
males, p = 0.53. NGF: 4.37+0.93 pg/ml in females vs 4+1.09 pg/ml in males, p = 0.33).

Table 3. mean, standard deviation and 95%CI for the mean of the differences between BDNF serum
levels of each glaucoma subgroup and healthy controls.

BDNF early-BDNF healthy BDNF moderate-BDNF healthy | BDNF advanced-BDNF healthy
-59.7+88.3 pg/ml (-110.7 t0 -8.7) | -82.3+104 pg/ml (-142.3t0-22.2) | -17.3+140.2 pg/ml (-98.3 to 63.5)

doi:10.1371/journal.pone.0168565.t003
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Table 4. mean, standard deviation and 95%CI for the mean of the differences between NGF serum lev-
els of each glaucoma subgroup and healthy controls.

NGF early-NGF healthy NGF moderate-NGF healthy NGF advanced-NGF healthy
-1.94+1.3 pg/ml (-2.8 to -1.0) -1.6+1.3 pg/ml (-2.5 to -0.6) -0.4%+1,2 pg/ml (-1.3t0 0.4)

doi:10.1371/journal.pone.0168565.t004

Six males and 9 females were included in the healthy controls group. BDNF serum levels
were higher in females compared to males (324.45+87.48 pg/ml vs 299.23+72.97 pg/ml), but
the difference was not statistically significant (p = 0.57). Also NGF serum levels were higher in
females when compared to males (5.86+1.11 pg/ml vs 4.97+1.39 pg/ml) but this difference was
not statistically significant (p = 0.29).

Discussion

This study explored levels of NGF and BDNF in serum of glaucoma patients with different
stages of the disease in comparison with healthy controls.

To the best of our knowledge this is the first time NGF serum levels have been investigated
in glaucoma patients, while serum levels of BDNF have already been reported in a previous
investigation [19].

In that study, authors included twenty-five patients with early glaucoma defined according
to the Hodapp-Parrish-Anderson grading scale of severity of VF defect, and found signifi-
cantly reduced serum levels of BDNF compared to 25 healthy controls.

Herein, we included 45 glaucoma patients categorized as mild, moderate and severe glau-
coma, according to the VF MD and 15 healthy controls. We found that both BDNF and NGF
levels were significantly reduced in glaucomatous sera and particularly in patients with early
and moderate glaucoma compared to healthy controls. Interestingly, we found similar serum
levels of BDNF and NGF in advanced glaucoma patients and healthy controls.

The similar pattern of expression between BDNF and NGF in glaucomatous sera is actually
with no explanation.

It has been reported that both NGF and BDNF are important neurotrophic factors pro-
duced by different cell types, released into bloodstream, and exerting crucial survival effects on
adult neurons of the central nervous system [9].

A current hypothesis is NGF and BDNF are involved in the pathogenesis of RGCs death in
glaucoma. Experimental studies have shown blockade of axonal transport induced by IOP ele-
vation leads to deficits of the levels and availability of these factors and subsequent RGCs death
[6,7]. In addition, changes in neurotrophin receptor expression as a result of elevated IOP
could alter the effects of neurotrophins on RGCs survival [22]. As a matter of fact, it has been
reported that the ratio of trkA to p75™ '® in the retina and optic nerve is shifted in favor of
p75~®, and so toward apoptosis, by IOP elevation [22].

The finding of higher serum levels of both NGF and BDNF in patients with advanced stage
of the disease when compared to patients with early and moderate glaucoma, and similar to
the levels found in healthy control subjects is matter of speculation.

It could be hypothesized the existence of compensatory survival/repair mechanisms that
only take place in the advanced stages of the neurodegeneration. These mechanisms have
already been suggested in studies evaluating the levels of neurotrophins in the serum of
patients with Alzheimer’s disease [23-27]. Some authors observed a reduction while others
reported an increase in serum levels of neurotrophins [23-27]. Laske et al. investigated the
influence of different Alzheimer’s disease stages on BDNF serum concentrations, and observed
that in patients with early stages an increased BDNF serum concentration with respect to
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more severe stages of Alzheimer’s disease and to the healthy controls [23]. These results sup-
ported the hypothesis of an upregulation of BDNF as a compensatory mechanism against neu-
rodegeneration, as proposed in the study by Faria et al. [24]

However, Angelucci et al. measured BDNF serum levels in Alzheimer’s disease patients
with several degrees of severity, mild cognitive impairment and healthy subjects, and found
that the observed BDNF serum levels increase was neither dependent on treatment nor on dis-
ease severity. [25]. These findings were consistent with post-mortem examinations of Alzhei-
mer’s disease brains. Infact, a significant increase of BDNF and the receptor TrkB has been
shown in hippocampus,parietal cortex, astrocytes and senile plaques [26]. These authors
defined the increase in BDNF as a compensatory repair mechanism both in early and late neu-
rodegeneration. Furthermore, an increased NGF concentration in Alzheimer’s disease cortex
was found when compared to non-demented controls [27].

Neverthless, the main culprit in Alzheimer’s disease is the precursor form of NGF, pro-
NGEF that binds to a sortilin-p75™ '® complex and activates cell death through the stimulation
of Jun N-terminal kinase [28]. It’s been demonstrated that pro-NGF is copious in brains of
patients with Alzheimer’s disease and this increase may reflect either an active role for proNGF
or posttranslational disorders in NGF biosynthesis that reduce the processing of pro-NGF to
NGF in Alzheimer’s disease [29].

It would be interesting to explore the role of pro-NGF in glaucoma disease too.

Since the ‘90s, glaucoma has been considered a disease of the central nervous system exhib-
iting several common mechanisms of cell death with neurodegenerative progressive diseases,
such as Alzheimer’s disease [30]. We can therefore suppose that the increased serum levels of
BDNF and NGF observed in patients with advanced glaucomatous damage compared to those
of patients with early and moderate glaucoma and similar to those of healthy subjects could be
explained with the same compensatory repair model described in patients with advanced Alz-
heimer’s disease [26,27].

Nevertheless it has to be considered that serum levels of neurotrophic factors can be influ-
enced by a number of other systemic factors beside the presence of a neurodegenrative disease.
Both in models and humans, stress, fear and anxiety are associated with enhanced rather than
lowered serum levels of BDNF and NGF [31-33]. In order to minimize these systemic effects
and to take in account a possible circadian rhythm of both NTs, blood samples were collected
between 7 and 10 am and patients were advised to avoid any physical exercise before the visit.
However, advanced glaucoma, causes visual impairment and affect different field of daily life
reducing its quality and generating anxiety and stress that can’t be avoided [34]. Furthermore,
the presence of comorbidities can also exacerbate these feelings.

One may retort that even depression is very common among old patients with chronic dis-
eases, and that several studies report reduced level of both BDNF and NGF serum levels in
major depressive disorder which contrast our results [35-37]. This is clearly true. However, a
compensatory mechanism of increased BDNF has been described also to explain the improve-
ment of the depressive symptoms [38]. Additionally the administration of antidepressant
selective serotonin reuptake inhibitors have been shown to enhance BDNF gene expression
[39]. A meta-analysis by Chen et al., instead, didn’t find any significant change of NGF serum
level before and after adequate treatment for depression [40]. Patients with a confirmed diag-
nosis of major depression or taking any antidepressant drugs were excluded from the present
study despite the presence of milder forms of latent depression cannot be excluded.

It would be very interesting to correlate the duration of the disease with the levels of serum
neurotrophins in order to better clarify the relationship between the progression of the disease
and the variation of serum NTs levels. Nevertheless in a cross-sectional study, like the present
study, the duration of the disease is uncertain since one may rely only on the patients’ report
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which is mainly the time of diagnosis and thus not necessarily representative of the duration of
the disease. In fact an early and an advanced glaucoma might be diagnosed at the same time
despite very different disease duration. A prospective long-term cohort study might probably
represent a good study design to assess how serum neurothrophins levels vary across time and
to explore whether any compensatory mechanisms take place during the course of the disease
at the more advanced stages.

When exploring the relationships of BDNF serum levels with functional glaucoma parame-
ter we found no significant association in the whole sample glaucoma population while NGF
serum levels were statistically related to the visual field mean deviation. The linear regression
analysis between both NTs and MD was adjusted for age and no significant relationship was
found. Both BDNF and NGF were not even related to the morphological glaucoma parameter
(RNFL).

A negative correlation between plasma BDNF levels and age was described in a population
of 140 healthy volunteers between 20 and 60 years of age [41] and BDNF decreased levels were
confirmed in an older sample population (range 70-103 years) [42]. By contrast, in another
study with 206 healthy subjects with a mean age of 44.3+13.30 (range 20-70) years, no age-
related changes were found in circulating [43].

The age of our sample population ranged from 31 to 86 years and, in particular, patients
with advanced glaucoma were statistically older than patients with early glaucoma and than
healthy controls. Neverthless BDNF and NGF serum levels were not related to age, neither in
the sample population nor in subgroups, allowing us to exclude the age effect as a potential
bias of results.

In our study, women had higher serum levels of NGF and BDNF compared to men, both in
glaucoma patients and in healthy controls and this finding was already reported in previous
studies [41,43].

In the present study there was no difference in IOP levels between the three subgroups of
glaucoma patients so we didn’t evaluate the influence of IOP on BDNF and NGF serum levels.
It would be interesting to explore in future studies whether topical pharmacological hypoten-
sive treatments have an impact on BDNF and NGF levels. An upregulation of BDNF by brimo-
nidine has already been described in experimental models on rat retinal ganglion cells [44]. In
the present study we cannot analyze the influence of brimonidine on NTs serum levels because
only two patients in the early stage and four patients in the advanced stage of glaucoma were
treated with this drug (Table 1). Of interest, BDNFmRNA upregulation was observed in rats
topically treated with Betaxolol but only one patient in our study was treated with this drug
[45]. Furthermore another challenge would be to explore the relationship between systemic
levels of neurotrophic factors and the risk and rate of glaucoma progression. Moreover, the
present study was designed to be focused only on POAG patients but future studies could con-
sider to include other forms of glaucoma, including secondary glaucomas that can serve as
controls for disease specificity and potentially give insight into the disease pathophysiology.

In conclusion, according to the results of our study serum levels of NGF and BDNF vary
across different stages of glaucoma, suggesting that their levels might be the expression of pro-
gressive neurodegenerative damage that occurs over the course of the disease. Nevertheless
since NGF and BDNF may be produced also by a variety of non-neural cell types in response
to different stimuli, further investigations are required to assess their role as potential biomark-
ers of glaucoma.
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