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Abstract
Background. MicroRNAs (miRs) are small non-coding RNAs. MiR-125b has been described as being down-
regulated in cataract tissue when compared to a transparent lens.

Objectives. The aims of the study were: 1) to establish the expression of miR-125b in cataracts compli-
cated by pseudoexfoliation syndrome (PEX), glaucoma or PEX glaucoma; and 2) to determine whether any 
environmental factors influence miR-125b expression.

Material and methods. Anterior lens capsules were obtained from 150 patients. The patients were 
subdivided into 1 of 4 groups: those with PEX (PEXg), those with primary open-angle glaucoma (Gg) and 
those with PEX glaucoma (PEXGg), plus gender-matched controls with cataracts alone (control group – Cg). 
Quantitative polymerase chain reaction (qPCR) expression of microRNA-125b was examined in every group.

Results. The mean age of the 150 patients was 75.18 years (standard deviation (SD) ±9.12 years). Our 
investigation indicated, for the first time, that miR-125b expression was increased 3.33 times in the PEXg 
(p = 0.015). The quantitative analysis of miR-125b expression conducted between combined groups of all 
the patients that have PEX syndrome (with or without glaucoma) and the Cg revealed a statistically significant 
difference (p = 0.04). Lower miR-125b expression was found in the patients who smoked compared to those 
who did not (p = 0.01).

Conclusions. Our data revealed the possible role of miR-125b in PEX syndrome development. There are 2 pos-
sible interpretations of these results: either the co-existence of PEX acts as a moderator of miR-125b expression 
in the anterior lens capsule, or increased expression of miR-125b can play a role in the pathogenesis of PEX.
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Introduction

MicroRNAs (miRs) are a group of small endogenous non-
coding RNAs, generally consisting of 21–23 nucleotides. 
They regulate posttranscriptional gene expression through 
complementary or partial complementary binding with 
the 3ʹ untranslated region of target mRNA.1 The miRs rep-
resent a prominent class of gene regulators.2–4 A single miR 
can modulate the expression of several mRNAs, and con-
versely, a single mRNA strand can interfere with multiple 
miRs.5 Mature miRs have long half-lives, are not rapidly 
degraded and can influence different biological pathways 
by binding to different mRNAs.5 While miRs usually act 
as negative modulators of gene expression, they can also 
stimulate translation.6 Previous studies have demonstrated 
that expression of miRs, such as miR-760, miR-186, miR-
20a, miR-24, miR-34a, miR-106a, and miR-449a, can be 
involved in senescence or age-related diseases including 
neurological disorders, diabetes, degenerative arthritis, 
and cataracts.2,7

Distinct expression profiles of  miRs in  the  central 
epithelium of transparent human lenses and age-related 
cataract-affected human lenses have been reported previ-
ously.8 In transparent lenses, a high expression of miR-184, 
miR-1826, miR-125b, miR-1308, miR-26a, miR-638, miR-
923, and let-7b has been observed. In age-related cataract-
affected lenses, other miRs have been identified, including 
miR-184, miR-1826, let-7b/c, miR-24, mir-23b, miR-23a, 
and miR-923.8 It is possible that all the identified miRs are 
involved in a multifactorial pathogenesis of cataract forma-
tion, in which processes of senescence, as well as multiple 
genetic and environmental factors, have been implicated. 
Specifically, miR-34a may play an important role in lens 
senescence, given that its expression in the lens epithelium 
is positively correlated with age and the severity of the cat-
aract.9 There are probably also different exclusively age-
specific gene expression changes in human lenses.10

The pathogenesis of  a cataract is  still poorly under-
stood, but Li et al. described lens epithelial cell apoptosis 
as a common cellular process in cataract development.11 
Specifically, the TP53 gene is closely associated with lens 
epithelial cell apoptosis.12 Qin et al. described that micro-
RNA-125b (miR-125b) directly targets P53: miR-125b was 
downregulated in age-related cataract tissue when com-
pared with healthy transparent lens tissue, and inversely 
related to the level of P53.13

With its monolayer structure and direct exposure to ul-
traviolet radiation, the lens capsule epithelium seems to be 
an important subject for investigating complex factors 
playing roles in cellular aging, including genetics and en-
vironmental influences.10 Senescence has been implicated 
in cataract, pseudoexfoliation syndrome (PEX) and prima-
ry open-angle glaucoma, but disease-specific mechanisms 
remain elusive.

Pseudoexfoliation syndrome is  a  common multifac-
torial age-related and genetically determined elastosis. 

Pathologic pseudoexfoliation material (PEXM) accumu-
lates as a result of excessive production and abnormal net-
ting of elastic fibers, resulting in the accumulation of elas-
tic fiber aggregates in tissues of the eye and other organs.14

Our study aimed to: 1) establish the expression of miR-
125b in cataract complicated by other eye diseases; and 
2) to determine whether any environmental factors have 
any influence on miR-125b expression. For the first time 
we quantified the expression of miR-125b in lens capsules 
of patients with cataract, PEX, primary open-angle glau-
coma, and PEX glaucoma.

Material and methods

This prospective, controlled study was approved 
by the Regional Ethics Review Board and was conducted 
in accordance with the principles set forth in the Guide-
lines for Good Clinical Practice and the Declaration of Hel-
sinki (and its amendments) (approval No. KB 272/2017 
from 26/04/2017).

Fresh specimens of anterior lens capsules were obtained 
from 150 patients between 46 and 92 years of age (mean: 
75.18 years, standard deviation (SD) ±9.12 years) during 
cataract phacoemulsification surgery. All lens samples 
were obtained with intact continuous curvilinear capsu-
lorhexis 5–6 mm in diameter.

Each patient underwent a complete ophthalmological 
examination comprising an interview, anterior segment slit 
lamp biomicroscopy before and after dilation of the pupil, 
intraocular pressure (IOP) and funduscopic examination. 
Patients who had previously undergone eye surgery or who 
had other ophthalmic diseases (e.g., diabetic retinopathy, 
uveitis, trauma) were excluded.

The patients were consecutively selected and assigned 
to 1 of 4 groups:

1. group of  patients with cataract and PEX (PEXg) 
– 38 patients;

2. group of patients with cataract and primary open-
angle glaucoma (Gg) – 37 patients;

3. group of patients with cataract, PEX and glaucoma 
(PEX glaucoma group – PEXGg) – 30 patients;

4. group of patients with cataract – the control group 
(Cg) – 45 patients.

The severity of the cataracts was similar in each study 
group. Information regarding current ophthalmic medica-
tion usage (timolol, brymonidine, prostaglandin analog, 
dorzolamide) and lifestyle data, such as smoking habits, 
were elicited through a patient interview prior to surgery.

RNA isolation and relative  
real-time RT-PCR

Fragments of  lens capsules from patients with cata-
ract were homogenized using MagNA Lyser Green Beads 
(Roche Diagnostics GmbH, Mannheim, Germany) in a lysis 
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buffer. Total RNA was isolated using a NucleoSpin RNA 
II kit (Macherey-Nagel & Co., Düren, Germany) follow-
ing the manufacturer’s protocol. Reverse transcription 
reaction (RT) was performed using 3 µL of extracted to-
tal RNA, TaqMan MicroRNA Reverse Transcription Kit 
(Thermo Fisher Scientific, Foster City, USA) and specific 
RT primers for RNU6B (Thermo Fisher Scientific) and 
miR-125b (Thermo Fisher Scientific) in a  final volume 
of 15 µL according to the manufacturer’s instructions. 
Kapa PROBE Master Mix (Kapa Biosystems Inc., Boston, 
USA) and specific TaqMan MicroRNA Assays (Thermo 
Fisher Scientific) were used to assess microRNA expression 
according to the manufacturers’ instructions. We added 
1.33 µL of twice-diluted RT product to single real-time 
polymerase chain reaction (RT-PCR). All the reactions were 
performed in triplicate in 96-well plates under the follow-
ing thermal cycling conditions: 20 s at 95°C followed by 40 
cycles of 1 s at 95°C and 20 s at 60°C. The reactions were 
run in the 7900HT Fast Real-Time PCR System (Thermo 
Fisher Scientific) and the threshold cycle data (Ct) were 
collected using SDS v. 2.2 software (Thermo Fisher Scien-
tific). The relative expression of miR-125b in each sample 
was calculated using the comparative Ct method (2−∆∆Ct). 
The patients’ samples were normalized to RNU6B, cali-
brated to the Cg and presented as a relative quantity (RQ).

Statistical analysis

A qualitative analysis (χ2 test) used to form a catego-
rized table and a quantitative analysis (Student’s t-test) 
were performed. Analysis of  variance (ANOVA) with 
a post hoc least significant difference (LSD) evaluation 
was used to define the differences between the groups. 
A partial analysis was performed at intervals of RQ (and 
logRQ) defined with the χ2 method. In addition, the cor-
relation between miR-125b and the age of the patients 
was assessed. Logistic regression was used to  assess 
the probability of influence of the RQ in each specified 
group. The results were considered statistically signifi-
cant at a p-value less than 0.05. All the calculations were 
carried out using STATISTICA v. 12 software. (StatSoft 
Inc., Tulsa, USA) and MedCalc (MedCalc Software Ltd., 
Ostend, Belgium).

Results

MiR-125b expression

In order to determine the expression level of miR-125b 
in every group, relative RT-PCR was performed. The level 
of miR-125b expression was increased in each of the study 
groups (PEXg, Gg and PEXGg) compared to the Cg (Fig. 1). 
The  qualitative analysis (χ2 test) revealed statistically 
significant increases in the miR-125b levels in the PEXg 
cohort compared to  the Cg cohort (3.33  times higher; 
p = 0.015, Table 1). There were no statistically significant 
differences in miR-125b levels between the samples from 
the Gg and Cg cohorts.

Table 1 shows the mean and standard deviations of RQ 
values; however, the RQ distributions are right-skewed. 
Therefore, the ANOVA test was used after the RQ loga-
rithm transformation. An LSD test was used as a as post 
hoc test after the ANOVA. No differences in sex distribu-
tion between groups was found (p = 0.4822). In the PEXg 
compared to the other 2 groups (Gg and PEXGg), the num-
ber of patients with an RQ value >0.6 was increased by 10%, 
while 10% fewer patients had an RQ value <−0.3. This fur-
ther supports the statistical difference between the groups 
described (Fig. 2).

Fig. 1. Comparison of miR-125b expression levels in PEXg, Gg, PEXGg, 
and Cg. The observed values were higher in the study groups with 
an ophthalmic disease compared to the Cg, but the only statistically 
significant difference was in PEXg compared to Cg

p = 0.046 (median – horizontal line inside of the 25–75% box).

Table 1. Mean expression of miR-125b in every group (LSD test as post hoc test)

Group Number 
of patients Mean age† Sex proportion in each 

group (female:male)† Mean RQ SD p-value
(tested group vs Cg)

PEXg 38 77 15:4 5.11 6.92 0.015

Gg 37 72 25:12 4.30 6.44 0.14

PEXGg 30 76 22:8 2.78 4.10 0.45

Cg 45 73 29:16 1.53 1.38 x

All groups 150 75 53:22 3.37 5.27 x

† no statistically significant differences between groups (p > 0.05); LSD – least significant difference; SD – standard deviation; RQ – relative quantity; 
PEX – pseudoexfoliation; PEXg – patients cataract and PEX; PEXGg – patients with cataract, glaucoma and PEX; Gg – patients with cataract and primary 
open-angle glaucoma; Cg – control group.
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The quantitative analysis of miR-125b expression (Stu-
dent’s t-test) conducted between PEXg+PEXGg (the com-
bined group of all the patients that have the PEX syndrome, 

with or without glaucoma) and Cg revealed a statistically 
significant difference (p = 0.04, Fig. 3).

Additionally, the logistic regression model (Fig. 4) re-
vealed a statistically significant correlation (probability 
>50%) between the level of RQ and the diagnoses outlined 
in the study: A) existing PEX with or without glaucoma; 

Fig. 4. Logistic regression analysis for different categorical outcomes (A) existing PEX with or without glaucoma, (B) existing glaucoma with or without 
PEX, (C) only PEX, and (D) only glaucoma compared to the Cg. The PEXGg is the factor that reverses the 95% CI RQ values from predominantly positive 
in the PEXg and Gg into the predominantly negative in the combined groups such as PEXg+PEXGg and PEXGg+Gg

Fig. 3. MiR-125b expression (logRQ values) in all the patients with PEX 
syndrome compared to the Cg (mean logRQ PEXg+PEXGg = 0.203; 
Cg = −0.0228; p = 0.04)

Fig. 2. MiR-125b expression analysis in PEXg, Gg, PEXGg, and Cg with 
subdivisions into the different value ranges of logRQ (the number 
of patients in each group is on the bar)
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B) existing glaucoma with or without PEX, C) only PEX; 
and D) only glaucoma compared to the Cg. The PEXG 
is a factor that reverses the 95% confidence interval (95%) 
CI RQ values from predominantly positive in the PEXg and 
Gg into the predominantly negative in the combined groups, 
such as PEXg+PEXGg and PEXGg+Gg. The p-values and 
95% CI ranges are: 0.0013, −6.94–2.17; 0.0056, −14.32–2.09; 
0.0002, 1.35–7.90; and 0.0027, 0.95–12.89, respectively, for 
PEXg+PEXGg, PEXGg+Gg, PEXg, and Gg.

Factors that may affect  
miR-125b expression

There were no statistically significant correlations be-
tween the levels of miR-125b and the age of the patients. 
During the assessment of  relationships between levels 
of miR-125b and important factors obtained from pa-
tients‘ history records (current cigarettes smoking, drops 
for glaucoma), only 1 statistically significant difference 
was found: a lower level of miR-125b expression was found 
in patients who smoked compared to those who did not 
(p = 0.01, Table 2). Cigarette smoking was noted in the his-
tories of 5.26% of the patients with PEXg (2 of 38 patients), 
16.67% of the patients with PEXGg (5 of 30 patients), 8.1% 
of  the  patients with Gg (3 of  37  patients), and 8.89 % 
of the patients in the Cg (4 of 45 patients).

Discussion

Our study is the first to present the correlation between 
the level of miR-125b and PEX syndrome in patients with 
cataracts and PEX compared to patients with cataracts 
alone.

MiR-125b has been demonstrated to be inversely related 
to the level of P53 in age-related cataract tissue and is in-
volved in aging induced by the DNA damage response, 
which is mainly governed by the P53 pathway.13 Some con-
firmed risk factors for cataract formation, like chronic 

ultraviolet light exposure and oxidative stress, cause DNA 
damage as a result of the cumulative effects of reactive 
oxygen species (ROS).9

In our study, we observed no differences in the levels 
of expression of miR-125b in the lens capsules of patients 
with cataracts alone and those with both cataract and pri-
mary open-angle glaucoma. The main finding of our study 
is that miR-125b is significantly increased in lens capsules 
of patients with PEXg. The results obtained in this and 
in prior studies allow to us assume that in the examined 
population, the co-existence of PEX and cataracts was 
the main moderator of miR-125b expression in the lens 
capsules and that the increased expression of miR-125b 
may be a cause of PEX. It should be emphasized that our 
research, which reflects miR-125b expression levels close 
to those seen in vivo, was carried out on a large number 
of sampled capsules from a patient population that was 
relatively homogenous in terms of age and disease severity.

Numerous mechanisms, such as disruptions in the pro-
teolytic balance of the extracellular matrix, chronic inflam-
matory processes of  low intensity, chronic or recurrent 
ischemia/hypoxia, regulation disturbances at the cellu-
lar level, and oxidative stress, have all been implicated 
in  the  formation of  PEXM complexes.4,15,16 These fac-
tors interplay in creating conditions specific for PEX and 
the upregulation of miR-125b in capsular lens tissue can 
be either a cause or an effect of these processes.

Altered expression of miR-125b has been demonstrated 
in a number of chronic diseases and malignancies, includ-
ing prostate, breast and pancreatic cancer and primary 
hepatocellular carcinoma.17–20 MiR-125b expression is as-
sociated with classic phenotypic and genotypic sequelae 
of reduced P53 expression, including altered sensitivity 
to genotoxic agents and reduced expression of P53-related 
transcriptional targets such as miR-34a/b/c.21

Excessive oxidative stress has been shown to augment 
expression of miR-125b.21 Upregulation of miR-125b ex-
pression has been identified in acute cerebral ischemia.22,23 
Also, miR-125b has been shown to increase in settings 

Table 2. Summary of additional factors in the analysis of miR-125b expression

Medical history information
Mean Number of valid cases SD

p-value
no yes no yes no yes

Medications

timololi maleas 1.91 1.84 131 19 0.72 0.76 0.57

brimonidine 1.90 2.00 131 19 0.70 0.88 0.96

prostaglandins 1.89 2.00 137 13 0.72 0.71 0.77

Habits smoking 1.95 1.43 136 14 0.72 0.51 0.01

Comorbidities

DM 1.88 1.97 119 31 0.72 0.75 0.52

heart failure 1.87 1.95 91 59 0.70 0.75 0.95

HT 1.88 1.91 52 98 0.70 0.73 0.90

dementia 1.90 1.80 145 5 0.73 0.45 0.69

vertigo 1.91 1.75 138 12 0.72 0.75 0.60

DM – diabetes mellitus; HT – hypertension; SD – standard deviation.
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of hypoxia.24 Thus, oxidative stress and hypoxia appear 
to play a major role in the modification of gene expression.

The impact of smoking on the incidence of PEX has not 
been clearly assessed, but Spečkauskas et al. reported that 
the age-adjusted odds ratio (OR) for PEX increased 3.1% 
with each year of smoking, but that the number of ciga-
rettes smoked per day had no effect on PEX.25 However, 
other researchers, like You et al., found no relationship 
between smoking and the occurrence of PEX in a large 
cohort study.26

The present study showed significantly reduced miR-
125b expression in cigarette smokers. Analyzing the distri-
bution of smokers among the study groups, the percentage 
of smoking patients in the PEXGg was close to double that 
in the other groups (16.67% compared to 5.26% in PEXg, 
8.1% in Gg and 8.89% in Cg).

In the present study, there was no significant elevation 
in the expression of miR-125b in PEXGg. Increased expres-
sion was statistically significant for PEXg and for the com-
bined group of  all patients with PEX (PEXg+PEXGg). 
If smoking reduces the expression level of miR-125b, and 
more patients who smoke cigarettes are found in PEXGg 
than in the other groups, it can be assumed that the rea-
son for the absence of a statistically significant increase 
in miR-125b expression in the PEXGg may be the increased 
percentage of smokers. In the group of all patients with 
PEX, the percentage of smoking patients was equalized 
(10.29% in the PEXg+PEXGg group compared to 8.89% 
in the Cg) and significantly increased miR-125b expression 
was noted in all the PEX patients.

The central fragment of the anterior lens capsule was 
the  material examined to  assess the  miR-125b level. 
The lens capsule is an ideal source of information about 
PEX, as it is constantly exposed to damaging factors that 
participate in the disease pathogenesis, such as UV rays. 
It is a region in which the molecules comprising PEXM 
are deposited and bound in insoluble structures. The lens 
capsule is  avascular and is  washed by  aqueous fluid. 
The components of the aqueous fluid can impact the lens 
capsule. According to the protein sink model, the anterior 
chamber of PEX eyes reflects a breakdown of the blood–
eye  barrier.14 Chronic inflammatory changes of the aque-
ous humor may lead to dysregulation of miR expression 
and influence P53 activity, leading to the transcription 
of numerous genes responsible for senescence or apoptosis 
by activation of the target mRNA.27

Conclusions

An interesting and innovative aspect of our preliminary 
study was the correlation of PEX and miR-125b expression 
in the eye tissue examined. Further studies are needed 
to determine the  role of miR in eye pathologies. Dys-
regulation of miR expression and activity can contribute 
to stress-related chronic diseases such as PEX. Even with 

the advances in the field in the last decade, effective novel 
therapeutic approaches are still lacking for PEX. An im-
proved understanding of the impact of epigenetic factors, 
such as DNA hypermethylation and histone modifications 
in the regulation of miR expression, is needed. The re-
sults of this study suggest that miR shows a potential to be 
a future avenue for effective diagnosis and therapeutic 
strategies for PEX.
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