
Abstract. Aim: To investigate the association of the pair box
6 gene (PAX6) and hsa-miR-328-3p with optical density of
macular pigment. Materials and Methods: We evaluated 112
individuals (34 with moderate myopia, eight with high-degree
myopia, and 70 healthy individuals). The optical density of
macular pigment was measured using single-wavelength
reflectometry. DNA and RNA were extracted from whole blood
samples. Expression of hsa-miR-328-3p and genotyping of
single-nucleotide polymorphism of PAX6 (rs662702) were
performed using Applied Biosystems 7900HT real-time
polymerase chain reaction system. Optical density of retinal
pigment epithelial cells was evaluated using Fundus plus
camera. Results: In the group with myopia, with increasing
∆Ct hsa-miR-328-3p, the median optical density of the retinal
pigment epithelium decreased statistically significantly
(p<0.032). No statistically significant association was found
between SNP rs662702 genotype variant of the PAX6 gene and
the optical density of the retinal pigment epithelium.
Conclusion: The increased expression of hsa-miR-328-3p in
the blood indicates a decrease in the optical density of the
retinal pigment epithelium in those with myopia.

Myopia is the most common refractive eye disorder in which
parallel light rays pass through the eye’s optical system to
form an image in front of the retina. The cause of this
disorder may be an elongated eyeball or excessive lens
refractive power (1).

According to histopathological studies, pathological myopia
involves excessive and progressive elongation of the globe,

with consequential thinning of the retina at the posterior pole.
In vivo measurements of retinal thickness have become
possible with the availability of modern imaging technologies,
starting investigations of the relationship between myopia and
retinal thickness (2-4). Although some earlier in vivo imaging
studies (5-7) have not found any associations between the
retinal thickness and axial length of the eye, in contrast to
histopathological findings, the latest studies have
demonstrated an inverse relationship between axial length and
total average macular thickness, using relatively high scanning
resolution and large samples (2-4).

Macular pigment is protective against macular
degenerations (8); the highest concentration of macular
pigment is found in the central macula, where it functions as
a powerful antioxidant (9) and acts as a filter of actinic high-
energy (short-wavelength) blue light before it reaches the
photoreceptors or the retinal pigment epithelium, thus
limiting photo-oxidative damage to retinal cells (10, 11).
Studies have shown the association between the optical
density of macular pigment and axial length in individuals
with myopia. Patients with a high degree of myopia may
possibly have macular degenerative changes. Disorders of
druse accumulation and retinal pigment epithelial
pigmentation can be detected in the retinal macula. A
scientific publication has described that the lower the optical
density of the retinal macula pigment is, the lower is the
protective factor against macular degeneration (8).

Experimental studies with laboratory animals have shown
that the pair box 6 gene (PAX6) is important in the central
nervous system and ocular development, as well as in the
lens and retinal differentiation (12); and mutations in this
gene may be directly associated with aniridia, cataracts, and
high-degree myopia (13, 14). Functional studies have shown
that mutations reduce the potential for transcriptional
activation of the PAX6 gene through DNA binding domains
(15), which function as regulators in the gene transcript (14). 

Bioinformatics methods have found that the rs662702
single nucleotide polymorphism (SNP) of PAX6 gene
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coincides with microRNA-328 (miR-328) binding site (12).
Studies have shown that the rs662702 risky allele (C) of the
PAX6 gene may interact with miR-328 and increase the
expression of transforming growth factor-ß3 in retinal
pigment epithelial cells (RPECs) and may also increase the
expression of matrix metalloproteinase, which is involved in
normal physiological processes of the extracellular matrix by
regulating connective tissue remodeling, and can lead to an
extension of the eyeball (16). This risky allele has also been
found to mediate miR-328 binding to the 3’-UTR transcript,
which causes inhibition of PAX6 protein translation (17).

The 2-kb miR-328 promoter region, present in the
JASPAR database (18), contains retinoic acid-responsive
elements and appears to be able to regulate miR-328
expression. RPECs treated with different doses of retinoic
acid exhibit markedly increased miR-328 expression and
inhibition of PAX6 gene expression (19).

Previous case–control studies have shown significant
differences in Homo sapiens miR-328-3p (hsa-miR-328-3p)
expression between patients with myopia and controls (20).
Therefore, it was relevant to examine in vivo the associations
between hsa-miR-328-3p and RPECs, as well as the PAX6
gene and RPEC optical density. The results may imply their
interaction playing a role in changes in the formation of the
RPEC layer which are observed in patients with a high
degree of myopia.

Materials and Methods

Ethics statement. Permission (number BE-2-48) to undertake the study
was obtained from Kaunas Regional Biomedical Research Ethics
Committee. The procedure and purpose of the study were explained to
participants and their informed consent to participation was obtained.

Study sample. Expression of hsa-miR-328-3p and PAX6 genotyping
of SNP rs662702 was studied in 112 twins registered at the Twin
Center of Lithuanian University of Health Sciences. Based on the
available eye refraction results, the first-borns from the twin pairs

were selected. Two groups were formed: i) Patients with moderate-
/high-grade myopia (N=42) and ii) a control group with no refractive
disorder (N=70) (Table I). Patients with cardiovascular disease
(arrhythmia, atrial fibrillation) or a respiratory disease (asthma, lung
cancer, respiratory tract infection), which are associated with changes
in hsa-miR-328-3p expression, were excluded from the study. No
significant differences were found between the patient and control
groups with respect to age and gender (p>0.05). Values   of spherical
equivalents for both eyes differed significantly between the myopia
and control groups (p<0.001).

Refraction studies. Refraction studies were performed using an
autorefractometer (Accuref-K9001; Shin-Nippon, Tokyo, Japan)
with 1% cyclopentolate solution. The mean spherical equivalent
(SFE) of the eye refraction was calculated using the standard
formula: SFE=sphere + (cylinder/2).

in vivo 35: 827-831 (2021)

828

Table I. Characteristics of participants in the hsa-miR-328-3p expression study.

Characteristic                                                                                     Myopia (N=42)                                                Control (N=70)                    p-Value

                                                                                  Moderate                                           High                                                                                   

Age, years
  Median (range)                                                      27 (18-40)                                     25 (22-40)                               30 (18-40)                          0.203
Gender, n (%)
  Female                                                                    25 (73.5)                                        6 (75.0)                                  42 (60.0)                           0.138
  Male                                                                         9 (26.5)                                          2 (25.0)                                   28 (40.0)                             
Spherical equivalent, D
  Median OD (min-max.)                               −3.96 (−5.75 - −3.00)                   −7.41 (−7.87 - −6.87)               −0.12 (−0.37-0.37)                 <0.001
  Median OS (min-max.)                               −4.05 (−5.94 - −3.00)                   −6.76 (−7.62 - −6.12)                   0 (−0.37-0.37)                     <0.001

N: Number of individuals; OD: right eye; OS: left eye; D: diopters. Statistically significant p-values are shown in bold.

Table II. Associations of the pair box 6 (PAX6) gene rs662702
genotypes with optical density of the retinal pigment epithelial cell layer
(RPEC OD). Data are the median (range).

                                                                     RPEC OD                     

                                                                 PAX6 rs662702                 

Group                             TT                               CT                    p-Value

Control
  N                                   43                                14                           
  OD                      239 (198-280)            239 (214-305)             0.667
  OS                      243 (202-293)            244 (216-302)             0.583
Myopia
  N                                   19                                 5                            
  OD                      239 (214-305)            247 (202-297)             0.733
  OS                      243 (222-338)            245 (218-297)             0.791
  N                                   62                                19                           
All
  OD                      239 (198-305)            247 (202-297)             0.748
  OS                      243 (202-338)            239 (218-297)             0.769

N: Number of individuals; OD: right eye; OS: left eye. 



Individuals with refractive SFE in at least one eye ≥–0.5 D were
assigned to the myopia group. Individuals with refractive error in
both eyes with an SFE of between −0.49 and 0.49 D were assigned
to the control (emetropia) group.

The degree of myopia was also defined by the intensity of the
corrective lens or the optical power that focused the image on the
retina. The results of the eye examinations were recorded using
standardized forms.

Genotyping of SNP. Genotyping kits developed by Applied Biosystems
(Waltham, MA, USA) were used for PAX6 gene SNP study. The assays
were performed using the telomere length-polymerase chain reaction
method (PAX6 rs662702 C_898192_10; HT 7900; Applied
Biosystems, Foster City, CA, USA). Data were analyzed using the
Applied Biosystems 7500 Real-Time PCR System User Manual.

miRNA expression. Blood for miRNA expression assays was
collected in special Tempus™ Blood RNA Tubes (ThermoFisher
Scientific, Waltham, MA, USA) with stabilizer and frozen at –80˚C
until the beginning of the assays. The assays utilized Taqman®
Advanced miRNA Assay primer set with specific miRNA primers
to the cDNA (ThermoFisher Scientific), which consisted of two
primers for amplifying the miRNA cDNA region of interest and one
probe unique to the sequence used to detect the desired miRNA.
Hsa-miR-328-3p expression results were evaluated using exogenous
(ath-miR-159a) and endogenous controls (ath-miR-16) according to
the TaqMan Advanced miRNA Assays (ThermoFisher Scientific)
protocol. The Δ cycle threshold (ΔCT) method was used for the
relative quantitative analysis of hsa-miRNA-328-3p expression in
control and myopia groups according to formulae: i) ∆CT
(control)=CT (target miRNA) − CT (reference miRNA); iii) ∆CT (test
samples)=CT (target miRNA) − CT (reference miRNA) (21).

RPEC optical density measurements. RPEC optical density was
measured using a Fundus plus camera; the measurements were
taken at the center of the macula. Macular pigment optical density
was measured using single-wavelength reflectometry (Visucam 500;
Carl Zeiss Meditec AG, Jena, Germany).

Analysis of SNP genotyping of and miRNA expression. The chi-
square test or Fisher’s bidirectional criterion was used to evaluate
the distribution of variants of the PAX6 gene polymorphisms. 

For comparison of hsa-miR-328-3p expression between myopia
and control groups, the significance level was obtained by Student’s
t-test. To determine the association of the PAX6 gene with hsa-miR-
328-3p expression, four miRNA expression groups were clustered
on the basis of quartiles of ∆CT hsa-miR-328-3p value: Group 1:
from –12.42 to –9.00; group 2: from –8.99 to –5.20; group 3: from
–5.19 to 0.99; group 4: from –1 to 4.00.

Results
A study of the PAX6 gene SNP rs662702 and optical density
of the RPEC layer in the myopia and control groups showed
no significant asso ciation (Table II). However, median RPEC
optical density values were found to be significantly different
by ∆CT hsa-miR-328-3p in the myopia group as measured in
both eyes (Table III): As the values of ∆CT hsa-miR-328-3p
increased, the median optical density of the RPEC layer
decreased. 

No significant associations were found in the distribution
of the SNP rs662702 of the PAX6 gene between all grades of
myopia and the control group (p>0.05). However, significant
differences between the PAX6 gene (rs662702) TT and CT
genotypes were detected in moderate and high degree
myopia and the risky C allele increased the risk of myopia.
The distribution of PAX6 genotypes between myopia and
control group is described in our previous studies (20).

Discussion

Visual signals originate from retinal photoreceptor and RPECs
(22). Studies of the interaction between RPE and scleral cells
provide a wealth of information on the development of
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Table III. Association of Homo sapiens miR-328-3p expression with optical density of the retinal pigment epithelial cell layer (RPEC OD). Four
hsa-miR-328-3p miRNA expression groups were clustered on the basis of quartiles of the ∆CT value: Group 1: from –12.42 to –9.00; group 2: from
–8.99 to –5.20; group 3: from –5.19 to 0.99; group 4: from –1 to 4.00. Data are the median (range).

                                                                                                              RPEC OD

                                                                                                ∆CT hsa-miR-328-3p group

Group                                          1                                          2                                           3                                            4                                    p-Value

Control
   N                                             22                                        14                                         14                                          20                                         
   OD                                251 (206-305)                     235 (218-256)                     239 (210-264)                      243 (210-276)                           0.193
   OS                                 249 (202-288)                     247 (218-293)                     241 (125-293)                      235 (210-272)                           0.583
Myopia
   N                                             10                                        13                                         12                                           7                                          
   OD                                264 (210-297)                     245 (202-264)                     231 (214-243)                      206 (198-218)                           0.032
   OS                                 258 (206-338)                     241 (200-264)                     235 (226-239)                      210 (202-214)                           0.020

N: Number of individuals; OD: right eye; OS: left eye. Statistically significant p-values are shown in bold.



myopia. Researchers have found that miR-328 is present in the
ocular tissues of mice (22, 23). In studies on RPECs in which
PAX6 gene expression was inhibited, it was observed that
significant changes in the proliferation of biomarkers for
myopia in RPECs and sclerosis began to occur. Changes
observed in expression of transforming growth factor beta 3,
matrix metalloproteinase 2 and integrin β1, which are
important in ocular remodeling, might lead to ocular axis
changes that would result in myopia (22).

The PAX6 gene is responsible for retinal differentiation
(12), therefore it is thought that individuals with the PAX6
gene SNP rs662702 with the risky C allele may have
different RPEC optical density compared to individuals
without this allele. 

A study of miR-328 and PAX6 gene expression levels in
RPE and scleral cells showed that with increasing miR-328
expression, PAX6 gene expression decreased in scleral
cells but its increase was observed in RPECs (22). Another
study was performed with inhibition of PAX6 gene
expression using different concentrations of miR-328 in
RPECs. This study revealed that a decrease in PAX6 gene
expression is dependent on increasing miR-328
concentration (19). 

In our study of the association of PAX6 SNP rs662702
with RPEC optical density, we found no significant
differences between individuals with myopia and controls.
Therefore, it would appear that PAX6 has no association with
RPEC layer formation; however, we found that with
increasing expression of hsa-miR-328-3p, which participates
in regulation of PAX6 gene expression, the median optical
density of RPECs decreased in the group with myopia
(p<0.05). Of course, it should be noted that PAX6 genotyping
was performed in a small sample and this may have distorted
the results, but a significant association of ∆CT hsa-miR-
328-3p with reduced RPEC optical density shows that a
higher expression of hsa-miR-328-3p through PAX6 may
affect the formation of the RPEC layer, and retinal thickness.
Zereid and Osuagwu found regional differences in the
thickness of the retinal layer of healthy eyes, which was
dependent on central refraction. This is important when
interpreting retinal nerve fiber layer thickness in myopia and
disease management (24).

Our study may explain the reason for different retinal
thickness between myopic and healthy patients through the
mechanism of hsa-miR-328-3p. Our recommendations would
be to perform more PAX6 genotyping studies and with larger
samples.

Conclusion

The increased expression of hsa-miR-328-3p in the blood
indicates a decrease in the optical density of RPEC layer in
individuals with myopia.

Conflicts of Interest

Proprietary interests or conflicts: None of the Authors has any
proprietary interests or conflicts of interest related to this submission.
This submission has not been previously published anywhere, and it
is not under consideration for any other publication.

Authors’ Contributions 

EK, BB, RL analyzed the data EK, AS, AV wrote the manuscriptx
EK, AS developed the structure for the paper AS, RL made critical
revisions All Authors approved the final article  

References

1 Holden BA, Wilson DA, Jong M, Sankaridurg P, Fricke TR,
Smith III EL and Resnikoff S: Myopia: A growing global
problem with sight-threatening complications. Community Eye
Health 28(90): 35, 2015. PMID: 26692649.

2 Lam DS, Leung KS, Mohamed S, Chan WM, Palanivelu MS,
Cheung CY, Li EY, Lai RY and Leung CK: Regional variations
in the relationship between macular thickness measurements and
myopia. Invest Ophthalmol Vis Sci 48: 376-382, 2007. PMID:
17197557. DOI: 10.1167/iovs.06-0426

3 Song WK, Lee SC, Lee ES, Kim CY and Kim SS: Macular
thickness variations with sex, age, and axial length in healthy
subjects: a spectral domain-optical coherence tomography study.
Invest Ophthalmol Vis Sci 51: 3913-3918, 2010. PMID:
20357206. DOI: 10.1167/iovs.09-4189

4 Duan XR, Liang YB, Friedman DS, Sun LP, Wong TY, Tao QS,
Bao L, Wang NL and Wang JJ: Normal macular thickness
measurements using optical coherence tomography in healthy
eyes of adult Chinese persons: The Handan Eye Study.
Ophthalmology 117: 1585-1594, 2010. PMID: 20472290. DOI:
10.1016/j.ophtha.2009.12.036

5 Lim MC, Hoh ST, Foster PJ, Lim TH, Chew SJ, Seah SK and
Aung T: Use of optical coherence tomography to assess variations
in macular retinal thickness in myopia. Invest Ophthalmol Vis Sci
46: 974-978, 2005. PMID: 15728555. DOI: 10.1167/iovs.04-0828

6 Wakitani Y, Sasoh M, Sugimoto M, Ito Y, Ido M and Uji Y:
Macular thickness measurements in healthy subjects with
different axial lengths using optical coherence tomography.
Retina 23: 177-182, 2003. PMID: 1270759. DOI: 10.1097/00
006982-200304000-00007

7 Zou H, Zhang X, Xu X and Yu S: Quantitative in vivo retinal
thickness measurement in chinese healthy subjects with retinal
thickness analyzer. Invest Ophthalmol Vis Sci 47: 341-347,
2006. PMID: 16384983. DOI: 10.1167/iovs.05-0480

8 Tong N, Zhang W, Zhang Z, Gong Y, Wooten B and Wu X:
Inverse relationship between macular pigment optical density
and axial length in Chinese subjects with myopia. Graefes Arch
Clin Exp Ophthalmol 251: 1495-1500, 2013. PMID: 23224230.
DOI: 10.1007/s00417-012-2225-z

9 Khachik F, Bernstein PS and Garland DL: Identification of lutein
and zeaxanthin oxidation products in human and monkey retinas.
Invest Ophthalmol Vis Sci 38: 1802-1811, 1997. PMID: 9286269.

10 Snodderly DM, Auran JD and Delori FC: The macular pigment.
II. Spatial distribution in primate retinas. Invest Ophthalmol Vis
Sci 25: 674-685,1984. PMID: 6724837.

in vivo 35: 827-831 (2021)

830



11 Snodderly DM: Evidence for protection against age-related
macular degeneration by carotenoids and antioxidant vitamins.
Am J Clin Nutr 62: 1448-1461, 1995. PMID: 7495246. DOI:
10.1093/ajcn/62.6.1448S

12 Liang CL, Hsi E, Chen KC, Pan YR, Wang YS and Juo SH: A
functional polymorphism at 3’-UTR of the PAX6 gene may
confer risk for extreme myopia in Chinese. Invest Ophthalmol
Vis Sci 52: 3500-3505, 2011. PMID: 21421876. DOI:
10.1167/iovs.10-5859

13 Glaser T, Jepeal L, Edwards JG, Young SR, Favor J and Maas
RL: PAX6 gene dosage effect in a family with congenital
cataracts, aniridia, anophthalmia and central nervous system
defects. Nat Genet 7: 463-471, 1994. PMID: 7951315. DOI:
10.1038/ng0894-463

14 Tsonis PA and Fuentes EJ: Focus on molecules: Pax-6, the eye
master. Exp Eye Res 83: 233-234, 2006. PMID: 16563385. DOI:
10.1016/j.exer.2005.11.019

15 Yu Y, Huang L, Wang B, Zhang C, Bai Y and Li X: COL8A1
rs13095226 polymorphism shows no association with
neovascular age-related macular degeneration or polypoidal
choroidal vasculopathy in Chinese subjects. Int J Clin Exp
Pathol 8(9): 11635-11640, 2015. PMID: 26617902.

16 Wojciechowski R: Nature and nurture: the complex genetics of
myopia and refractive error. Clin Genet 79: 301-320, 2011.
PMID: 21155761. DOI: 10.1111/j.1399-0004.2010.01592.x

17 Wang Y, Li W, Zang X, Chen N, Liu T, Tsonis PA and Huang Y:
MicroRNA-204-5p regulates epithelial-to-mesenchymal
transition during human posterior capsule opacification by
targeting SMAD4. Invest Ophthalmol Vis Sci 54: 323-332, 2013.
PMID: 23221074. DOI: 10.1167/iovs.12-10904

18 Portales-Casamar E, Thongjuea S, Kwon AT, Arenillas D, Zhao
X, Valen E, Yusuf D, Lenhard B, Wasserman WW and Sandelin
A: JASPAR 2010: the greatly expanded open-access database of
transcription factor binding profiles. Nucleic Acids Res 38: 105-
110, 2010. PMID: 19906716. DOI: 10.1093/nar/gkp950

19 Azhwar R and Perumal E: Micro-RNAs and their roles in eye
disorders. Ophthalmic Res 53(4): 169-186, 2015. PMID:
2583291. DOI: 10.1159/000371853

20 Kunceviciene E, Liutkeviciene R, Budiene B and Smalinskiene
A: Independent association of whole blood miR-328 expression
and polymorphism at 3’UTR of the PAX6 gene with myopia.
Gene 687: 151-155, 2018. PMID: 3045306. DOI:
10.1016/j.gene.2018.11.030

21 Pfaffl MW: Rest 2009 Software User Guide. Qiagen, Hilden,
Germany, pp. 20-21, 2009.

22 Chen KC, Hsi E, Hu CY, Chou WW, Liang CL and Juo SH:
MicroRNA-328 may influence myopia development by
mediating the PAX6 gene. Invest Ophthalmol Vis Sci 53: 2732-
2739, 2012. PMID: 22447870. DOI: 10.1167/iovs.11-9272

23 Tanaka Y, Kurihara T, Hagiwara Y, Ikeda S, Mori K, Jiang X,
Torii H and Tsubota K: Ocular-component-specific miRNA
expression in a murine model of lens-induced myopia. Int J Mol
Sci 20: 3629, 2019. PMID: 3134498. DOI: 10.3390/ijms
20153629

24 Zereid FM and Osuagwu UL: Myopia and regional variations in
retinal thickness in healthy eyes. J Ophthalmic Vis Res 15(2):
178-186, 2020. PMID: 32308952. DOI: 10.18502/jovr.v15i2.67

Received September 3, 2020
Revised December 3, 2020

Accepted December 8, 2020

Kunceviciene et al: Association of hsa-mir-204 Expression With Retinal Thickness

831


