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aspects to previous studies: autosomal dominant inheritance,
incomplete penetrance (62.50% and 66.67%), and proportion
of patients requiring trabeculectomy (100% in both study).
According to ACMG/AMP guidelines and the previous basic
researches, the Ser341Pro variant had a “strong evidence
of pathogenicity (PS3)” and then it could be interpreted
to “pathogenic (PS3, PM1, PM2, PP2, PP3)”. Additionally,
Ser341Pro variant can be reported as “c.1021T>C
(p.Ser341Pro), likely pathogenic, POAG, autosomal dominant”
according to guideline.
● KEYWORDS: Ser341Pro variant; primary open angle
glaucoma; Korean
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● AIM: To report the first discovery of Ser341Pro myocilin
(MYOC) variant in Korea and analyze its clinical characteristics
and genetic significance.
● METHODS: Ten family members from three generations
participated in this study and received the thorough
ophthalmologic examination. Focused exome sequencing on
a proband was performed to confirm the target mutations
(MYOC c.1021T>C) in the family members, and the direct
sequencing was conducted. Variant was analyzed according
to the American College of Medical Genetics and Genomics
and the Association for Molecular Pathology (ACMG/AMP)
guidelines.
● RESULTS: A nucleotide change from thymine to cytosine
at c.1021T>C was found in eight family members. Three
members diagnosed with primary open angle glaucoma
(POAG) were characterized by severe clinical presentations,
high intraocular pressure, and poor response to medical
treatment (100% of the patient required filtering surgery).
On variant analysis by ACMG/AMP guidelines, Ser341Pro
is not found in normal population. Multiple computational
predictive programs support a deleterious effect of Ser341Pro
variant (PolyPhen 2, SIFT, Mutation Taster). Ser341Pro could
be involved in moderate (PM) and supporting (PP) criteria
(PM1, PM2, PP2, PP3). Combining the criteria, Ser341Pro
has a combination of 2 moderate (PM1+PM2) and 2
supporting (PP2+PP3) criteria, which is interpreted to “likely
pathogenic”.
● CONCLUSION: The Ser341Pro variant is correlated
with severe phenotype of POAG. There are similar clinical
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INTRODUCTION
laucoma is an irreversible and chronic progressive optic
neuropathy characterized by progressive degeneration
of retinal ganglion cells and affects more than 70 million
people worldwide[1]. It is the second most common cause of
visual impairment and blindness worldwide[2]. Glaucoma is
accompanied by high intraocular pressure (IOP), optic disc
cupping, optic nerve fiber atrophy, and visual field defect.
Elevated IOP is a major risk factor for most types of glaucoma.
Primary open angle glaucoma (POAG) is the most common
type of glaucoma in developed countries, accounting for >50%
of glaucoma cases[3].
Glaucoma can occur at all ages, with early onset disease
(before the age of 40y) exhibiting Mendelian inheritance and
adult onset forms (after the age of 40y) inherited as complex
traits[4]. A family history of glaucoma is a well-known risk
factor and a familial aggregation study reported that the
likelihood of developing POAG in relatives of patients with
POAG was 7- to 10‑fold higher than that in the general
population[5].
Myocilin (MYOC), also known as the trabecular meshwork
inducible glucocorticoid response gene (TIGR), is the first
causative gene identified in juvenile open angle glaucoma
(JOAG)[6]. This gene is located at chromosome 1q24.3-q25 and
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has three exons which consist of 604, 126 and 782 base pairs.
Most mutations are found in exon 3. The product, myocilin
protein, is composed of 504 amino acids[6]. The pathogenesis
of POAG is associated with MYOC mutation site with 90%
at the 3rd exon of the olfactomedin homology region[7-8]. This
domain is an active site of protein function, which plays an
important role in the expression of myocilin protein.
There are many theories on how the myocilin protein produced
by this gene mutation causes glaucoma[9-10]. Myocilin protein
with a mutation accumulates in the vesicle and causes toxic
effects in the trabecular meshwork cells and thus develops into
POAG[9]. There is another theory that the modified myocilin
protein increases resistance to aqueous humor drainage through
the trabecular meshwork, which increases IOP[10].
MYOC variants on POAG including JOAG have been
reported in various studies[11-17]. Most of the variants were
reported in the conserved olfactomedin domain of exon 3
(codons 242-504) with either missense mutation including
Pro370Leu, Gly246Arg, Tyr437His, Ser341Pro, Pro13Leu,
Cys245Tyr, Thr353Ile, Gly252Arg, Glu300Lys, Ser313Phe,
Asn450Tyr, Tyr471Cys, Thr455Lys, Val53Ala, Arg82Cys,
Thr293Lys, Asp378Gly, Gly387Asp, Leu486Phe, Tyr437His,
Thr377Met, Lys423Glu, Cys25Arg or nonsense mutation such
as Gln368Stop, Gln337Stop[11-17].
A few studies about MYOC gene variant for POAG have
been reported in Korea[18-20]. Kee and Ahn[18] reported that the
Pro334Ser variant was found in open angle glaucoma patient
and siblings (glaucoma not yet been detected). Yoon et al[19]
reported the Thr353Ile variant in patients with POAG and Park
et al[20] reported a novel Leu255Pro and Thr353Ile variants in a
JOAG and normal tension glaucoma patients.
Ser341Pro variant, one of the MYOC gene variants, has been
reported in China[11-12,21]. Huang et al[12] and Qin and Li[21]
found this variant in one family pedigrees with POAG. Wang
et al[11] also represented a pedigree analysis of this variant
in a POAG family with basic research including restriction
endonuclease site, protein secondary structure prediction, and
homology analysis of protein.
However, Ser341Pro variant has not been reported in Korean
POAG patient. In the present study, we clinically followed up
a Korean POAG patient with Ser341Pro variant over a period
of years with a pedigree analysis, molecular biology, and
interpretation of sequence variant.
SUBJECTS AND METHODS
Ethical Approval This study was performed in accordance
with the tenets of the Declaration of Helsinki for Research
Involving Human Subjects and approved by the Institutional
Review Board of the Pusan National University Hospital
(approval No.1907-010-080). Informed consent was obtained
from all patients when they were enrolled.
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Clinical Aspects of Family Members The data were
collected from the Glaucoma Clinic & Laboratory Medicine of
Pusan National University Hospital.
In this study, there were twenty-nine family members over
4 generations. Ten family members from 3 generations
participated in this study and were numbered from I-1 to III-2.
II-1 was a family member-in-law. The ten family members
received thorough ophthalmologic examination including best
corrected visual acuity (BCVA), slit lamp examination, IOP
measurement by Goldmann applanation tonometry (GAT),
angle evaluation by gonioscopy, dilated fundus examination,
stereoscopic optic disc and red-free retinal nerve fiber layer
(RNFL) photography (AFC-210; Nidek, Aichi, Japan), visual
field examination with a 24-2 test pattern, size III white
stimulus with the Swedish Interactive Threshold Algorithm
standard strategy (Humphrey Field Analyzer, Carl Zeiss
Meditec, Inc. Dublin, CA, USA), and spectral-domain optical
coherence tomography (Cirrus HD-OCT, Carl Zeiss Meditec).
POAG was diagnosed by the presence of glaucomatous optic
disc changes [a rim notch with a rim width ≤0.1 disc diameters
or a vertical cup-to-disc ratio (VCDR) of >0.7, VCDR between
the 2 eyes ≥0.2 and/or a RNFL defect] and corresponding
visual field defects as confirmed by reliable visual field
examinations and open anterior chamber angle.
Glaucomatous visual field was defined as visual field that
meets at least one of Anderson-Patella’s criteria[22]. The criteria
are as follows: 1) a cluster of ≥3 points in the pattern deviation
plot in a single hemifield (superior/inferior) with P<0.05, one
of which must have been P<0.01; 2) glaucoma hemifield test
result outside of normal limits; or 3) abnormal pattern standard
deviation with P<0.05.
The patients with POAG who were <35 years old were subclassified as JOAG. Patients with any other ocular or systemic
disorders known to influence the optic nerve head, macula, or
visual field were excluded. Individuals with IOP>21 mm Hg,
normal optic disc and visual field but without ocular sign
or systemic abnormality causing an increase of IOP were
diagnosed with ocular hypertension, which was grouped under
glaucoma suspect. Glaucoma suspect was defined as those
who have VCDR ≥0.7 or VCDR asymmetry ≥0.2, or optic
disc hemorrhages with no definite field defect[23]. Individuals
with IOP<21 mm Hg, normal optic disc and visual field were
categorized as “unaffected”.
Exome Sequencing We performed focused exome sequencing
on a proband using the SureSelect Focused Exomes Kit
(SureSelect Focused Exomes, Agilent Technologies, Santa
Clara, CA, USA) to screen approximately 4800 human
disease-associated genes and regions. The sample was prepared
using the SureSelect Target Enrichment System (Agilent
Technologies) and sequenced using paired-end, 100-cycle
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chemistry on the Illumina HiSeq 2500 (Illumina, Inc., San
Diego, CA, USA). Sequence data were aligned to the reference
human genome (GRCh37), and variant calls were generated
using VarDict. Stepwise filtering included the removal of
common single-nucleotide polymorphisms, intergenic and
3’/5’ UTR variants, nonsplice-related intronic variants, and
synonymous variants. Variants were filtered further based on
family history and possible inheritance models. All variants
were annotated by SnpEff (version 1.9.6) and classified
following the American College of Medical Genetics and
Genomics and the Association for Molecular Pathology
(ACMG/AMP) standards and guidelines[24].
Variant Screening To confirm the target variant (MYOC
c.1021T>C, Accession NM_000261.1) in the family members,
direct sequencing for MYOC exon 3 was performed. DNA
was extracted from whole blood using the Quick Gene800 (FUJIFILM, Tokyo, Japan). Gene amplification was
performed with the AmpliTaq Gold 360 Master Mix Kit
(Applied Biosystems, Foster City, CA, USA) using the
forward (5’-CGGGTGGTAGAGCCTAGCTT-3’) and
reverse (5’-GGATTTCCTTCTCAGCCTTCA-3’) primers
on a GeneAmp 9700 PCR system (Applied Biosystems)
under the following conditions: 10-min predenaturation
and 30s denaturation at 95℃, annealing at 55℃, and 60s
chain extension at 72℃; the above steps were cycled 32
times. Polymerase chain reaction products were sequenced
using BigDye terminator version 3.1 (Applied Biosystems)
sequencing chemistry and run on an ABI3730XL genetic
analyzer (Applied Biosystems). The sequences were analyzed
using Sequencher software, version 4.2 (Gene Codes Corporation,
Ann Arbor, MI, USA).
Interpretation of the Ser341Pro: Population Database
and Missense Variant Prediction Genetic variations were
contrasted with the Genome Aggregation database (gnomAD),
Exome Aggregation Consortium and 1000 Genome project.
Pathogenicity of the variant was predicted by computational
analyses such as SIFT, PolyPhen-2, Mutation taster, Align
GVGD, CADD. As pathogenic variants, ACMG/AMP
2015 guideline proposed evidence of pathogenicity for the
interpretation of sequence variants; very strong (PVS), strong
(PS), moderate (PM), supporting (PP). This guideline provides
rules of combining above criteria to classify sequence variants
into five-tier terminology: pathogenic, likely pathogenic,
uncertain significance, benign, likely benign.
RESULTS
Pedigree of the POAG Family This family consisted of
twenty-nine members from 4 generations and ten members
from 3 generations took part in this study. Three members
(two men and one woman) were diagnosed with POAG in
the proband generation and the next generation. Other three

Figure 1 Pedigree structure of the POAG family.

members (father of proband, proband’s sister and proband’s
nephew) who did not participate in this study were also
diagnosed with glaucoma according to the proband’s statement.
In this study, as we know, glaucoma did tend to pass vertically
from generation to generation regardless of gender, which
suggests that it is an autosomal dominant disorder (Figure 1).
Three members (I-2, I-3, II-2) were diagnosed with POAG,
and two members (II-5, III-2) were diagnosed with glaucoma
suspect. Three members (I-1, II-3, III-1) were considered
carriers, who had a variant on the MYOC gene without clinical
manifestations. Two members (II-1, II-4) were diagnosed as
“unaffected”. One (II-4) is a daughter of the proband, another
(II-1) is a family member-in-law but her two sons (III-1, III-2)
were diagnosed as carrier and glaucoma suspect, respectively.
Clinical Characteristics Three members including proband
(I-2, I-3, II-2) were diagnosed with POAG, and two members
(II-5, III-2) were diagnosed with glaucoma suspect (reduced
inferior rim with 0.7 of VCDR, which is not relevant to the
inferior ≥ superior ≥ nasal ≥ temporal [ISNT] rule[25] that
normal eyes showed a characteristic configuration for disc rim
thickness (Table 1).
The proband (I-2) was diagnosed with POAG in 2013 at the
age of 61y. BCVA was 0.8/1.0 (right/left) and IOP was
25/27 mm Hg at baseline examination and refractory to
medical treatment. Disc excavation was noted for both eyes
(VCDR 0.84/0.75). Visual field mean deviation (MD) was
-16.33/-4.68 dB. She had received trabeculectomy in both eyes
and additional glaucoma surgeries (bleb revision and second
trabeculectomy in the left eye) were needed for following-up
period (Figure 2A1, 2A2, 2B1, 2B2).
The I-3 was diagnosed with POAG in 2015 at the age of 60y.
BCVA was 1.0/0.02 and IOP was 11/15 mm Hg at baseline
examination. Disc excavation was noted for both eyes
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Table 1 Demographic and ophthalmic characteristics of 10 family members in this study

VCDR OD/
OS baseline

VCDR OD/
OS last visit

VF
OD/OS

Treatment
OD/OS

Diagnosis
baseline/last visit

S341P

Ser341Pro MYOC variant in a Korean family

(VCDR 0.78/0.92). Visual field MD was -12.03/-30.87 dB.
Despite medical treatment, the visual field had considerable
glaucomatous change and the visual acuity of the left eye had
decreased insidiously. He had received trabeculectomy in both
eyes (Figure 2C1, 2C2, 2D1, 2D2).
The II-2 was diagnosed with POAG at the age of 44y. He is
believed to be the youngest member of this pedigree with
glaucoma. Three years before his first visit to our hospital, he
had received trabeculectomy in both eyes and Ahmed valve
implantation in the right eye at another hospital. At baseline
examination, BCVA was 0.02/1.0 and IOP was 42/11 mm Hg.
Disc excavation was nearly total cupping on both eyes
(VCDR 0.9/0.85). Visual field showed highly considerable
glaucomatous change. Visual field MD was -33.01/-29.34 dB.
During following-up period, he had received bleb revision
surgery in the right eye and second trabeculectomy in the left
eye. He was highly likely to have JOAG with genetic mutation
and was the most severely affected among the three patients
(Figure 2E1, 2E2, 2F1, 2F2).
Sequencing and Variant Analysis We sequenced the
MYOC exon3 for proband and family members. In our study,
nucleotide change from thymine to cytosine at c.1021T>C was
found in eight members (I-1, I-2, I-3, II-2, II-3, II-5, III-1, III-2).
The codon changed from TCC to CCC, and thus amino acids
at position 341 were changed. Therefore, the myocilin protein
was altered from serine (Ser) to proline (Pro; p.S341P; Figure 3).
The missense variant c.1021T > C (p.Ser341Pro) was not
listed in the population database. In silico analyses revealed
that the following variant was predicted: [(Align Class): Class
C65 (GV 0.00 GD 73.35)]; (PolyPhen 2): probably damaging
(0.998); (SIFT): deleterious (score:0), affect protein function;
Mutation Taster: disease causing; CADD: 9.969.
Ser341Pro could be involved in following criteria of ACMG/
AMP 2015 Guideline[24]. 1) PM1: Located in a mutational hot
spot and/or critical and well-established functional domain
(e.g., active site of an enzyme) without benign variation; 2)
PM2: Absent from controls (or at extremely low frequency
if recessive) in Exome Sequencing Project, 1000 Genomes
Project, or Exome Aggregation Consortium; 3) PP2: Missense
variant in a gene that has a low rate of benign missense
variation and in which missense variants are a common
mechanism of disease; 4) PP3: Multiple lines of computational
evidence support a deleterious effect on the gene or gene
product (conservation, evolutionary, splicing impact, etc.).
Combining the above criteria, Ser341Pro has a combination of
2 moderate (PM1+PM2) and 2 supporting (PP2+PP3) criteria,
which is interpreted to “likely pathogenic”. This guideline
proposed that the term “likely pathogenic” be used to mean
greater than 90% certainty of a variant with being diseasecausing[24].
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Figure 2 Images were acquired from three POAG patients A, B: Proband (I-2). VCDR was 0.84 in the right eye and 0.75 in the left eye at
baseline examination (A1, right eye, A2, left eye). The inferior rim width of the right eye was highly reduced, which is relevant to the visual field
defect. There were superior arcuate scotomas in both eyes (B1, right eye, B2, left eye). Particularly in the right eye, the visual field had already
progressed beyond the horizontal raphe. Mean deviation was -16.33/-4.68 dB at baseline examination. C, D: Proband’s brother (I-3). VCDR was
0.78 in the right eye and 0.92 in the left eye at baseline examination (C1, right eye, C2, left eye). The superior and inferior rim width of the left
eye was significantly reduced, which is relevant to the visual field defect (temporal island). There was glaucomatous visual field loss in both eyes.
In the left eye, with progression of glaucoma, only a temporal island was left. Mean deviation was -12.03/-30.87 dB at baseline examination
(D1, right eye, D2, left eye). E, F: Proband’s nephew (II-2). VCDR was 0.9 in the right eye and 0.85 in the left eye at baseline examination. Disc
excavation was nearly total cupping in both eyes (E1, right eye, E2, left eye). There was considerable glaucomatous visual field loss in both eyes.
Mean deviation was -33.01/-29.34 dB at baseline examination (F1, right eye, F2, left eye).

Figure 3 Validation and DNA sequence chromatograms The sequence of the third exon of MYOC is highlighted. Heterozygote sequence
(vertical square box) shows a T/C transition in codon 341(c.1021T>C) that changed serine (TCC) to proline (CCC).

DISCUSSION
The purpose of this study is to report the first discovery
of Ser341Pro variant in Korea and analyze its clinical
characteristics and genetic significance. According to our
study, the Ser341Pro variant is associated with severe
phenotype of POAG. In this study, eight members had

Ser341Pro variant which passed vertically with autosomal
dominant inheritance with incomplete penetrance; three of
them were diagnosed with POAG and two of them were
diagnosed with glaucoma suspect. The 62.50% (5/8) of the
members carrying the Ser341Pro variant had developed
POAG or glaucoma suspect. The patients with POAG had
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moderate or severe stage of glaucoma at initial visit to our
hospital. Because the disease progressed aggressively and was
refractory to medical treatment, all of three POAG patients
underwent trabeculectomy and required additional glaucoma
surgery. In the case of the II-2, the one with early onset open
angle glaucoma progressed faster and required more additional
glaucoma surgeries than others.
In accordance with previous study by Wang et al[11], all of
POAG patients with Ser341Pro variant in this study had
trabeculectomy in both eyes. The results of our study are
similar to the previous study in terms of autosomal dominant
inheritance and incomplete penetrance (62.50% and 66.67%)[11].
Moreover, the younger patient had the faster progression and
worse prognosis. In the case of the II-2 (diagnosed at the age
of 44y) and a proband of previous study (diagnosed at the age
of 25y) had more severe symptoms than other members[11].
In contrast to the previous study[11], patients diagnosed with
POAG in our study were older (55.00±9.54 vs 48.33±20.82y)
and more severe glaucomatous optic disc change (0.84 vs
0.65, VCDR). However, there was a lack of data such as
MD on visual field test in previous study, so comparison was
impossible for functional test.
Wang et al[11] found that the c.1021T>C (Ser341Pro) variant
caused loss of the restriction enzyme sites of CviKI-1 in the
corresponding DNA sequence. The homologous chromosomes
of family members who had the variant were cleaved into four
fragments (257, 209, 203 and 48 bp), while the homologous
chromosomes of other members were cleaved into three
fragments (209, 203 and 48 bp)[11]. They also found that the
MYOC c.1021T>C base change caused amino acid switch
from Ser to Pro at sites 333, 337 and 342. The coil structure of
amino acids 333 was replaced with the β-sheet structure and
the β-sheet structure of amino acids 337 and 342 were replaced
with the coil structure[11].
Qin and Li[21] reported that Ser341Pro variant was found in one
pedigree and there were no variants in unaffected relatives and
normal control. Huang et al[12] also reported this variant in one
pedigree and all members including proband and three siblings
with this variant were diagnosed with POAG. However, these
studies did not address detailed clinical or genetic aspect of
this variant[12,21].
ACMG/AMP 2015 guideline [24] recommended the term
“variant” instead of the term “mutation (permanent change in
the sequence)” and “polymorphism (variant with a frequency
above 1%)” with the 5-tier terminology as follows: 1)
pathogenic, 2) likely pathogenic, 3) uncertain significance,
4) likely benign, 5) benign. They also provided criteria for
classification of pathogenic or likely pathogenic variants and
benign or likely benign variants. Each pathogenic criterion is
weighted as very strong (PVS1), strong (PS1-PS4), moderate
1694

(PM1-PM6), or supporting (PP1-PP5), and each benign
criterion also is weighted as stand-alone (BA1), strong (BS1BS4), or supporting (BP1-BP6).
We analyzed the genetic variant found in our study based
on the ACMG/AMP 2015 guideline[24]. First, we utilized
population databases for obtaining the frequencies of
Ser341Pro variant in large populations. As a result, this variant
is not found in normal population. Second, we performed
multiple computational (in silico) predictive programs and
these programs support a deleterious effect of Ser341Pro
variant. Third, third exon of the olfactomedin region is wellestablished functional domain and known as a mutational hot
spot. Furthermore, this domain is an active site for expression
of myocilin protein[6-8]. This variant was located in third exon
of the olfactomedin region. Lastly, most of variants about
POAG were missense variants including some nonsense
variants. With combining the evidence of pathogenicity
(PM1, PM2, PP2, PP3), Ser341Pro variant is interpreted as
“likely pathogenic”. If we take into account the results of
previous basic researches[11], the Ser341Pro variant had a
“strong evidence of pathogenicity (PS3)” and then it could be
interpreted to “pathogenic (PS3, PM1, PM2, PP2, PP3)”. In
addition, ACMG/AMP 2015 guideline recommended that all
assertions of pathogenicity (including “likely pathogenic”) be
reported with respect to a condition and inheritance pattern.
As to this proposal, Ser341Pro variant can be reported as
“c.1021T >C (p.Ser341Pro), likely pathogenic, POAG,
autosomal dominant”.
As to the Myocilin Allele-Specific Glaucoma Phenotype
Database (myocilin.com), the majority of variant type is
missense variant (85.1%) and other variant types such as
nonsense variant (5%), small deletion (5%), small insertion
(4%), small indel (1%) are also presented. Ser341Pro variant
is listed as “glaucoma causing mutation” in Myocilin AlleleSpecific Glaucoma Phenotype Database with mean age at
diagnosis of 22.2±11.2y, mean maximum recorded IOP of
23.9±7.5 mm Hg, the proportion requiring trabeculectomy of
42.9%, and the penetrance of 22.2% at age 25y, 33.3% at age
50y, 55.6% at age 75y. Our study showed that the proportion
of patients requiring trabeculectomy was 60% (3/5), mean age
at diagnosis of glaucoma was 44.4±17.1y, mean maximum
recorded IOP was 20.5±9.2 mm Hg, and penetrance was
12.5% at age 25y, 37.5% at age 50y, 62.5% at age 75y.
Gln368Stop variant is reported as the most prevalent variant
and leads to milder POAG manifestation with late onset[14],
while Pro370Leu, Gly246Arg, or Tyr437His variants are
associated with the most severe glaucoma phenotypes with
early onset[17]. Pro370Leu has been found in various ethnicity,
which was analyzed with Chinese pedigree. The previous
study suggested that eight of twenty two participants with
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POAG had Pro370Leu variant and Pro370Leu variant caused
severe phenotype of POAG[26]. Seven patients with Pro370Leu
variant (87.5%) had trabeculectomy in both eyes[26]. Mean age
at diagnosis was 17y (range 9-28y), mean maximum recorded
IOP was 34.18±2.97 (range 29-40) mm Hg[26].
Pro370Leu variant is also listed as “glaucoma causing
mutation” in Myocilin Allele-Specific Glaucoma Phenotype
Database with mean age at diagnosis of 13.3±2.4y, mean
maximum recorded IOP of 30.9±3.0 mm Hg, proportion
requiring trabeculectomy of 41.6% and penetrance of 47.1% at
age 25y, 65% at age 50y, 65% at age 75y.
Unlike previous studies, the proportion of patients who had
trabeculectomy in our study was greater than the databases
of Ser341Pro and Pro370Leu. One possible explanation for
this difference may be that the POAG patients in our study
had already moderate to severe stage at initial visit, and the
diagnosis might be delayed without appropriate treatment.
Therefore, the mean age at diagnosis (44.4y) is much higher
that of database about Ser341Pro (22.2y).
Clinically and genetically compared with Ser341Pro variant
and Pro370Leu variant, Pro340Leu variant is responsible for
severe phenotype with much higher maximal IOP and earlier
onset than that of Ser341Pro variant. But the proportion of
trabeculectomy is similar or higher in phenotype of Ser341Pro
variant. So far, Ser341Pro variant has only been found in patients
of Korea and China, whereas Pro340Leu has been found in
various ethnicities (Indian, English, French, North America,
Japanese, and German populations) and widely reported[26-27].
Previous experiment studies found that mutant myocilin
protein becomes hydrophobic with lower solubility altered
by misfolding and accumulates in the endoplasmic
reticulum (ER) [9,28-30] . These aggregates may cause the
parade of ER stress and give rise to cytotoxic effect[9,28-30].
Another experimental study demonstrated that myocilin was
proteolytically cleaved at the COOH-terminus of Arg226 and
the endoproteolytic processing of myocilin was regulated by
diverse mutations with variable efficacy[31]. The Pro370Leu is
known as the highest suppression of endoproteolytic cleavage[31].
The Ser341Pro variant is a heterozygous mutation that
turns Ser into Pro, and has different physical and chemical
properties[32]. Ser is a mixed hydrophilic amino acid with
molecular weight of 105.09 g/mol, an isoelectric point of
5.68, and 6 codons[32]. In contrast, Pro is a highly hydrophilic
amino acid with a molecular weight of 115.13 g/mol, an
isoelectric point of 6.30, and 4 codons[32]. Consequently, the
corresponding myocilin protein can be altered by misfolding
and becomes hydrophobic with lower solubility[32-33]. As a
result, like other mutant protein such as Pro370Leu variant, it
may block the trabecular meshwork and affect the outflow of the
aqueous humor. It may also accumulate in the vesicle and then

cause toxic effects in the trabecular meshwork cells. However,
there is a lack of experimental research on Ser341Pro, so there
seems to be a limit to interpret this variant. Therefore, further
basic researches are required to elucidate the pathogenic roles
played by the Ser341Pro variant in the pathogenesis of POAG
with severe phenotype.
As we know, there are various factors (genetic or environmental)
involved in the occurrence of glaucoma[34], even if there is the
same genetic variant. While some phenotypes are associated
with a single gene, others are associated with multiple genes.
The clinical significance of any given sequence variants ranges
from those in which the variant is almost certainly pathogenic
for a disease to those that are almost certainly benign.
Therefore, genetic analysis through basic experiments and
predictive programs, including clinical analysis can be helpful
in interpreting “pathogenicity”.
From a genetic point of view, the importance of this study is as
follows. Increasingly, phenotype and genotype are important
for disease diagnosis, and the genetic causes of diseases are
becoming clear. It has been difficult to conduct genetic tests for
glaucoma because of the various and complex genes involved.
However, the development of genetic testing techniques has
made it easier and faster to test several genes at a time. By
identifying the causative genes, it is possible to identify and
test the genes of family members. Screening, early detection,
and follow-up can be performed by classifying whether a
high-risk person is a carrier. In particular, molecular diagnosis
should be considered actively for familial and early-onset
glaucoma.
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