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A rare optineurin mutation in an Indian family with coexistence of JOAG and

PCG

Manoj Yadav, Anshu Yadav, Aarti Bhardwaj, Chand Singh Dhull’, Sumit Sachdeva®, Ritu Yadav, Mukesh Tanwar

Purpose: This study focused on the genetic screening of Myocilin (MYOC), Cytochrome P450 family
1 subfamily B member 1 (CYP1B1), Optineurin (OPTN), and SIX homeobox 6 (SIX6) genes in a family
with coexistence of primary congenital glaucoma (PCG) and juvenile open-angle glaucoma (JOAG).
Methods: Sanger sequencing was used to examine the coding region of all four genes. Six different online
available algorithms were used for the pathogenicity prediction of missense variant. Structural analysis
was done using Garnier-Osguthorpe-Robson (GOR), PyMol, ChimeraX, and Molecular Dynamic (MD)
Simulations (using Graphics Processing Unit (GPU)-enabled Desmond module of Schrodinger). Results:
There were a total of three sequence variants within the family. All seven algorithms determined that a single
mutation, G538E, in the OPTN gene is pathogenic. The loops connecting the strands became more flexible,
as predicted structurally and functionally by pathogenic mutations. Mutations create perturbations and
conformational rearrangements in proteins, hence impairing their functioning. Conclusion: In this study, we
describe a North Indian family in which members were having JOAG and PCG due to a rare homozygous/
heterozygous mutation in OPTN. The coexistence of two types of glaucoma within a single pedigree suggests
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that certain OPTN mutations may be responsible for the onset of different glaucoma phenotypes.
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glaucoma

Glaucoma is a group of related optic ailments that can cause
progressive vision loss and complete blindness by acquired
loss of retinal ganglion cells (RGCs) damaging a nerve in
the back of our eye called the optic nerve, which causes
visual impairment and leads to absolute blindness if left
untreated.™ The distinguishing characteristic of glaucoma
is its specific pattern of peripheral loss of vision.*! Glaucoma
is broadly classified into two categories: primary glaucoma
and secondary glaucoma, which are further divided into
open-angle and angle-closure on the basis of anterior chamber
anatomy.!

On the basis of disease onset-age, the primary open-angle
glaucoma (POAG) can be classified into three subtypes:
primary congenital glaucoma (PCG) with onset-age 0-3 years
of age, juvenile open-angle glaucoma (JOAG) with onset-age
3-40 years and adult-onset POAG with onset-age above
40 years.

A primary congenital glaucoma is a severe form of
the disease characterized by abnormal development of
trabecular meshwork and elevated intraocular pressure (IOP)
at birth or within the first year of life, which results in
photophobia, extreme tearing, and buphthalmos (enlargement
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of the eye globe).”? PCG is bilateral in almost 80% of the
cases.®

Juvenile open-angle glaucoma (JOAG) is a rare subset of
POAG having an onset-age of 3-40 years.? An International
Consensus Classification proposed by the Childhood Glaucoma
Research Network states that the earliest onset-age for JOAG
is considered to be 4 years, and the upper limit ranges up to
30 or 40 years, and after this, it will be considered as adult-onset
POAG." Important diagnostic characteristics include an
IOP of more than 21 mmHg, open iridocorneal angles, and
glaucomatous optic neuropathy (with or without any visual
field abnormalities). JOAG is typically accompanied by a
more severe and rapidly developing disease than POAG in
adults. Individuals with this condition frequently develop
high intraocular pressures (IOP >30 mmHg) that are resistant
to treatment.™ Although topical medications may temporarily
reduce IOP, surgical treatment is often required for optimal IOP
control. The incidence rate is higher in males.' Although JOAG
is typically found in both eyes, up to 25% of individuals have
been observed to have only one affected eye. Among different
groups, JOAG is more or less likely to run in the family; among
Koreans, it is 28%, among Indians, it is 30%, among Americans
it is 43%, and among Africans, it can reach as high as 88%.M"%
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Recent data indicate that the JOAG is genetically diverse.
In addition to autosomal dominant inheritance with diverse
penetrance and expressivity, autosomal recessive inheritance
and sporadic occurrence are common in specific ethnic groups.
Genetic studies on various ethnic studies have found the gene
involved in the pathogenesis of JOAG. Myocilin (MYOC) was
the first gene linked to the pathogenesis of JOAG.P23] Further
research have revealed various other gene linked to JOAG
including Cytochrome P450 family 1 subfamily B member
1 (CYP1B1),"' Optineurin (OPTN),[">'® latent transforming
growth factor beta-binding protein 2 (LTBP2),") TANK-binding
kinase 1 (TBK1), C3- and PZP-like alpha-2-macroglobulin
domain containing 8 (CPAMDS),™ and EGF-containing
fibulin-like extracellular matrix protein 1 (EFEMP1).?! While
the genes associated with PCG includes CYP1B1,?2 MYOC,*
LTBP2,! forkhead box C1 (FOXC1),? and collagen type I
alpha 1 chain (COL1A1).»!

OPTN gene is located on chromosome 10. It encodes an
adapter protein that mediates multiple physiological functions,
including signaling, vesicle trafficking, and autophagy. It
comprises 16 exons out of which 3 are noncoding exons in
the 5° UTR and the rest 13 are coding exons that code for
Optn protein formed of amino acids at position 577.1 Optn
protein is organized into various distinct domains like LC-3
interacting region (LIR), Ubiquitin-binding domain (UBD),
zinc finger (ZF), and leucine zipper (LZ).”) Mutations in OPTN
are associated with POAG, JOAG," and amyotrophic lateral
sclerosis.® The OPTN mutations associated with glaucoma
are mostly missense mutations. Optn interacts with various
proteins including Rab8, myosin VI, Huntingtin (htt), TBC1
domain family member 17 (TBC1D17), and transferrin receptor
to mediate various membrane vesicle trafficking pathways. It
is an autophagy receptor that mediates cargo-selective as well
as nonselective autophagy.”! Glaucoma-associated mutants of
OPTN, E50K, and M98K lead to the death of RGCs by causing
defects in vesicle trafficking, autophagy, and signaling.”! In
the present study, we characterized the clinical manifestations
of a North Indian family with glaucoma and investigated its
molecular basis in order to expand the spectrum of MYOC,
CYP1B1, OPTN, and SIX6 gene mutations in the Indian
population.

Methods

Clinical observations and diagnosis

A large North Indian family having 16 members spanning
three generations was enrolled in this study. The proband was
a 3-year-old boy presenting in the glaucoma clinic. The proband
was a hereditary case of glaucoma with two other family
members (his sister and mother) were also suffering from the
disease. This study was approved by the IHEC (Institution
Human Ethical Committee) and the BREC (Biomedical
Research Ethics Committee).

After obtaining written informed consent from all
participants or their legal guardians, where required, their
medical history was collected. Comprehensive ophthalmologic
examinations were done for all the participants of the family.
The examination includes the best-corrected visual acuity
according to Snellen’s chart, IOP measurement, anterior
chamber angle evaluation, and vertical optic cup-to-disc
ratio (C/D ratio) assessment.

Approximately 5 ml of blood was drawn from all
participating family members, and the samples were stored
in K2EDTA vacutainers. Genomic DNA was extracted as
previously described. The medical records including IOP,
visual acuity, and Vertical cup-to-disc ratio (VCDR) were
collected to analyze the genotype—phenotype correlation of
the patients.

Mutation screening using Sanger sequencing

Four genes including CYP1B1, MYOC, OPTN, and SIX6 were
analyzed for any mutation in the proband and its family.
Polymerase Chain Reaction (PCR) was used to amplify all the
coding exons and intron-exon junctions of the genes using
specific primers. The primers for CYP1B1 were designed using
Primer3Plus, while already published primers were used for
the amplification of MYOC,P OPTN, ! and SIX6F* gene. PCR
reactions were performed in 50 ul containing 110-150 ng of
genomic DNA with 5 ul of taq buffer, 2.5 ul of 25 mM MgCl,,
2.5 ul of dNTPs, 2 pl of each primer, and 1.5 ul of Taqg DNA
Polymerase (Genei Labs). The temperature profiles included
initial denaturation at 94°C for 5 minutes followed by 35 cycles
consisting of 60-second denaturation at 94°C, annealing at 54—
60°C for 45 to 60 seconds, and extension at 72°C for 60 seconds.
The PCR products obtained were visualized on 1.8% agarose
gel. The amplified PCR products were prepared for Sanger
Sequencing using the PCR Product Purification Kit (Favorgen,
Biotech Corp.). DNA Sanger sequencing was performed on
purified PCR products by Barcode Biosciences Pvt Ltd.

Pathogenicity prediction analysis

MYOC, CYP1B1, OPTN, and SIX6 DNA sequences
were compared with ensemble gene reference sequence
ENSG00000034971, ENSG00000138061, ENSG00000123240,
and ENSG00000184302, respectively, using the CLUSTALW=!
program.

ClinVar and gnomAd were used to look for the
identified variation in all the genes. PROVEAN
(Protein Variation Effect Analyzer),! PolyPhenZ,[35'37] Mutation
Taster, SNAP2, I Mutant2.0, and MutaPred2 algorithms were
used to predict the pathogenicity of detected missense sequence
variants.P®!

Homology analysis of protein

The Human Optn protein sequence (ensemble gene reference
sequence ENSG00000184302) was compared to the Optn protein
sequence of Chimpanzee (ensemble gene reference sequence
ENSPTRG00000002298), Monkey (ensemble gene reference
sequence ENSMMUGO00000005601), Cat (ensemble gene
reference sequence ENSFCAGO00000003917), Mouse (ensemble
gene reference sequence ENSMUSG00000026672), and Chicken
(ensemble gene reference sequence ENSGALG00010005383)
using the CLUSTALW program. The sequence logo was
prepared using WebLogo®! to show the important regions of
the protein from an evolutionary point of view.

Structural and functional analysis

Utilizing Garnier-Osguthorpe-Robson (GOR) software, " the
effect of mutation G538E on the secondary structure of Optn
was predicted. The GOR software computes the probability of
the four structural classes (helix, sheet, turn, and loop) from
the generated matrices based on the central residue and its
neighbors to infer the secondary structure of the sequence.
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For 3D structural analysis human OPTN 3D structure was
obtained from the Alpha fold database (https://alphafold.
ebi.ac.uk/). Wild-type OPTN structure was employed to
create disease mutant p.G538E structure by substituting wild
residue glycine with disease-associated residue glutamic acid
to elucidate the possible structural effects of the mutation.
The structural changes in the mutant protein were analyzed
using Pymol®* and ChimeraX.*!! The change in H-bonds and
electrostatic potential were analyzed to predict the structural
changes.

Functional analysis was done by using Molecular
Dynamic (MD) Simulation. For the wild-type (WD) and
G538E mutant, all atom MD simulations were run for 10 ns
under explicit water solvent conditions. MD simulations
were done at 300 K at the molecular mechanics level using the
GROMOS96 43al force field in the GROMACS 5.1.2 software
package. All systems were immersed in a 10 A cubic box of
water molecules. The systems were then immersed in a box
with a simple point charge (SPC16) water model. Na* and
Cl ions were further aided in the systems for neutralizing
and maintaining physiological concentrations (0.15 M). All
of the systems were minimized using the steepest descent of
5,000 steps. The final simulations were run for 10 ns for each
system, using a leap-frog integrator to track the time evolution
of trajectories. Root Mean Square Deviation (RMSD) and Root
Mean Square Fluctuation (RMSF) were calculated to depict the
functional changes in the protein molecules that occurred due
to the mutation."’!

Results

Clinical examination

The pedigree of the family included in the present study is
shown in Fig. 1 The III2 proband experienced buphthalmos,
symptoms of vision loss, itching, and headache for the first
time at 2 years of age. The proband was diagnosed with PCG
by the clinician. The IOP at the presentation were 26.3mmHg
and 34.5 mmHg and the cup-to-disc ratio of 0.9:1/0.9:1 for the
right and left eye, respectively. The patient exhibited severe
visual field damage and low vision (Right: light perception +ve;
Left: light perception +ve).

Of the remaining 15 members, the mother of the proband
was suffering from JOAG whereas the sister of the proband
at 4 years of age was suffering from PCG. The rest of the
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Figure 1: Pedigree of the family affected with JOAG

unaffected family members have normal IOP levels, C/D ratio,
and visual acuity. All patients showed symptoms of headache
and vision loss before diagnosis (also buphthalmos in the case
of PCG patients). The mean IOP values were 32.4 mmHg (range:
26.3-42 mmHg) and 33 mmHg (range: 32-34.5 mmHg) for the
right and left eye, respectively. The C/D ratios of the patients
were OA/0.9:1, 0.7:1/0.75:1, and 0.9:1/0.9:1 for 116, 1111, and 1112,
respectively. Due to the severity, the visual acuity is affected
in all the patients i.e., Pl-ve : HM +ve, 6/60 : Pl+ve, Pl+ve : Pl+ve
for 116, III1, III2 respectively (patient cards are attached as
supplementary material). While the unaffected members have
a C/D ratio and visual acuity in the normal range. The clinical
details of the family members if included in Table 1.

Sequencing and comparative analysis

Sanger sequencing was done to discover any missense changes
in MYOC, CYP1B1, OPTN, and SIX6 in the family members of
the proband. The coding region of these genes was amplified
using PCR and the purified products were sent for Sanger
sequencing. The sequencing results were compared with the
reference sequences from the ensemble database. A total of
three mutations were found in MYOC (g.171652247G>C),
CYP1B1 (g.38071007T>C), and OPTN gene (g.13136745 G>A).
No variants were found in the SIX6 gene. After comparing
with the reference sequence, only the OPTN missense
mutation (g.13136745 G>A, c.1613G>A: p.G538E) was found
to be pathogenic by protein function prediction software
PROVEAN, PolyPhen2, Mutation Taster, MutPred2, SNAP2
and IMutant2.0 [Table 2]. The mutation (G>A) was located in the
coding region of exon 16 at base 1916, leading to the mutation
of amino acid at position 538 of the encoded protein from
glycine to glutamic acid. Multiple sequence alignment analyses
indicated that this gene shows a high degree of conservation
among different species. The detected mutation was not
present in EXAC, 1000 genomes, and gnomAD database, but
a single entry with insufficient information was present on
ClinVar. Three family members (two heterozygous and one
homozygous) of the family were harboring this mutation, and
all of them are suffering from advanced stages of glaucoma
(2PCG and 1 with JOAG) with a high IOP value and particular
damage to the optic nerve. The mutation was not present in
the unaffected members of the family. The Sanger sequencing
results and the protein homology analysis are depicted in
Fig. 2. The pathogenic mutation in the OPTN gene was further
analyzed to predict the structural and functional effects of the
mutation.

Changes in protein secondary structure and 3D structure

The change in amino acid at position 538 from glycine to
glutamic acid resulted in structural changes in the protein.
Glycine (NH,-CH,-COOH) is the simplest amino acid having
no charge, whereas glutamic acid (CCH,NO,) is negatively
charged and polar in nature. The secondary conformations
of amino acid from position 500 to 570 are depicted in Fig. 3.
Due to p.G538E, there is a change in the secondary structure of
amino acid at positions 533-539. In the WD protein, the amino
acids at positions 533-536 were in a sheet conformation, 537 was
in a turn conformation, and 538-539 were coil conformation.
Due to the change at position 538, the amino acids at positions
533-539 were changed to the helical conformation.

The amino acid glutamic acid at position 538 clashes with the
amino acid glutamic acid at position 540 causing a structural
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Figure 2: Sequencing and comparative analysis. (a) Results of Sanger sequencing showing normal sequence (117), heterozygous mutation (116,
I112), and homozygous mutation (IlI1); (b) Homology analysis of the protein between humans and other chordate species; and (c) Word Logo
showing high degree of conservation among different species at position 538 of amino acid

deviation in the protein. The clashing between the particular
atoms of amino acids at positions 538 and 540 were shown as
yellow lines. Due to these clashes, there might be a structural
change in the protein to avoid these clashes. Due to the
differences in the net charge of the two amino acids, there is an
increase in the net negative charge in the area of mutation. The
functional effect of this change is further confirmed by doing
MD simulations. The change in the structure and electrostatic
potential has been shown in Fig. 4.

Molecular dynamic simulation

MD simulation is helpful in assessing the movement of atoms
in a high-complexity macromolecule. The RMSD and the
RMSF are the two most commonly used entities to measure
the fluctuations in the structure of the macromolecule-like
proteins. The RMSD data for the WD and mutated protein
are displayed in the graphical form in Fig. 5a, where we can
easily see a measurable change in the values between both
proteins. The average RMSD value for WD and the mutant is
0.75 and 1.75 nm, respectively. There is a difference of 1 nm
in the RMSD values, which show that there is a decrease
in the stability of the protein due to the mutation G538E.
Differences in the RMSD values for WT and mutant protein
show that there are conformational changes in the protein

due to the mutation G538E. The RMSF allows us to analyze
the fluctuation of residual variation. The RMSF values of the
WD and the mutant in Fig. 5b show differences at residue
180-200 (RMSF 12.3 A for WD and 6 A for G538E mutant)
and 450-550 (average RMSF of 3 and 2 A for WD and G538E
mutant, respectively, from residue 450 to 520, for residue
520-550 the average RMSF was 6 A and 4 A for WT and G538E
mutant, respectively) where the values for the mutant are
lower than the WT suggesting a decrease in the flexibility of
the protein due to the mutation. The mutant G538E protein
becomes more compact leading to the decrease in the
flexibility of the protein. The change in RMSD and the RMSF
values indicates the potential cause behind the pathogenic
behavior of the mutation as suggested by the protein function
prediction software.

Discussion

Optineurin mutations were primarily linked to Normal Tension
Glaucoma (NTG, a rare subset of glaucoma having IOP in
the normal range, i.e., 11-21 mmHg) and amyotrophic lateral
sclerosis (ALS). But population-based studies have revealed
the role of optineurin in the pathogenesis of POAG and JOAG
also. But there are no studies indicating the role of pathogenic
OPTN mutations in the progression of PCG. Optineurin is
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Figure 3: The secondary conformations of amino acid from 500 to 570 in (a) WT and (b) Mutated protein using GOR software
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Figure 4: Changes in the 3D structure of the protein. (a) 3D structure
showing WT protein with glycine at position 538 and (b) showing
mutated protein with glutamic acid at position 538 clashing with amino
acid at position 540. (c and d) showing the changes in electrostatic
charge between WT and mutated protein, respectively

involved in various cellular mechanisms including signaling,
vesicle trafficking, and autophagy through interaction with
protein partners like Rab8, myosin VI, htt, TBC1D17 in various
types of cells including trabecular meshwork (TM) in the
eyes.*

Optineurin colocalizes with htt in the Golgi apparatus, where
it contributes to post-Golgi trafficking and Golgi organization.
Optineurin also acts as a linking unit between Myosin VI, Rab8,
and htt,* which is also affected by the mutation G538E. The
C-terminal of optineurin binds with huntingtin, which has been
shown to bind with Huntingtin-associated protein 1 (HAP1).

HAP1 interacts with the plus (+)-end-directed microtubule motor
protein dynein as well as dynein activator dynactin. With the
help of huntingtin, optineurin helps in maintaining the structure
of the Golgi complex intact and in the vesicular transport of
various biomolecules including proteins.[! But due to G538E
mutation, the optineurin fails to interact with huntingtin (as
suggested by the Protein function prediction software Mutation
Taster) which in turn causes the fragmentation of the Golgi
complex and interrupts the vesicular transport of proteins across
the cells as shown in Fig. 6. This can lead to cell misfunctioning
and ultimately autophagy of TM cells. Abnormal development
of TM results in an increase in IOP levels, which is the main
driving force behind the development of glaucoma.*’!

Conclusion

In this study, we describe a North Indian family in which
members were having JOAG and PCG due to a rare
homozygous/heterozygous mutation in OPTN. This type of
familial inheritance of JOAG and PCG has previously been
documented in a Pakistani study with a homozygous mutation
in the CYP1BI gene.[* In addition, the p.G538E mutation in
OPTN would be the first reported mutation in Indian JOAG and
PCG patients. The coexistence of two types of glaucoma within
a single pedigree suggests that certain OPTN mutations may
be responsible for the onset of different glaucoma phenotypes.
With this new mutation associated with glaucoma, specific
genetic testing kits may be developed to identify children
in a family who may be at risk for the disease and to initiate
disease surveillance and conventional treatments sooner in
order to prevent any chances of vision loss. The results of this
study may lead to the development of treatments designed
to prevent vision loss in children with the OPTN mutation.
Further functional analysis can reveal the exact mechanism
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Figure 5: MD simulation results of the WT and mutated protein. (a and b) Graphical representation of the RMSD and RMSF values, respectively,
showing differences between WT and mutated protein
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Figure 6: Diagrammatic illustration of the possible interaction of optineurin with motor protein complexes at the Golgi complex. (a) Interaction
involving WT optineurin and (b) showing the Golgi complex fragmentation due to the mutation G538E in Optn protein
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