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ABSTRACT

Objective: Primary open-angle glaucoma in Zambia
has an earlier age of onset and appears to be more
clinically severe. Myocilin mutations are associated
with primary open angle glaucoma in multiple
populations. Therefore, we investigated the role of
myocilin gene mutations in Primary Open Angle
Glaucoma in a Zambian population.
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Methods: The unrelated primary open-angle
glaucoma patients and unaffected controls recruited
were from the University Teaching Hospitals Eye
Hospital, Kitwe Teaching Eye Hospital and Lusaka
Adventist Eye Hospital. A complete eye
examination, including visual field assessment, was
performed in all cases and controls.Genomic DNA
was extracted from whole peripheral blood, then
subjected to polymerase chain reaction to amplify
exons, flanking introns and promoter regions of the
myocilingene. The amplified products were
screened for base mutations by auto sequence based
on the Sanger method. The analyses of findings
included odds ratios, chi-square, bivariate,
multivariate and conditional logistic regression with
95% confidence interval and at a 5% level of
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significance.There was also a comparison between
the identified mutations and the previously reported
myocilinmutations.

Results: Unrelated 165 Primary Open-Angle
Glaucoma patients and unaffected 173 controls
enrolled for the study. The analysis revealed 4
variants of MYOC mutations in 49 participants of
the 338. The mutations included one synonymous
(silent) mutation (Thr474Thr; 45/338) and three
missense mutations (Ala446Thr; 16/338),
(Leul58Arg; 4/338) and (Arg342Lys; 1/338). The
study observed two previously reported mutations,
Ala446Thr and Arg342Lys, as glaucoma causing
mutations. The missense mutation, Alad46Thr, was
found in 16 participants who also had silent
mutations broken down as eight cases and eight
controls. One control had two variants, Ala446Thr
and Arg342Lys. Twenty (20) controls and 25 cases
had the synonymous or silent (neutral) mutation,
(Thr474Thr). The occurrence of Thr474Thr and
Ala446Thr in the same cases and controls was
compelling evidence to think that the synonymous
mutations were not as silent as previously reported.
The Thr474Thr and Ala446Thr mutations exhibited
identical primary open-angle glaucomaphenotypic
features in both cases and controls. In the remaining
17 cases and 12 controls the phenotype were still the
same. The clinical profile in Thr474Thr mutation
was statistically significant for female gender,
younger age group (<40 years), older age group (=
65 years), positive family history, poor visual acuity,
severe visual field changes, diffuse retinal nerve
fibre layer defects, peripapillary atrophy
surrounding the optic nerve head and high cup disc
ratio between 0.8 and 1.0.

Conclusions: The silent myocilin mutations,
Thr474Thr, break their silence in a Zambian
population. The silent mutation Thr474Thr found
was associated with primary open-angle glaucoma
phenotype and appeared to be a glaucoma-causing.

INTRODUCTION

Glaucoma is a group of non-communicable
heterogeneous disorders that cause progressive

apoptosis of retinal ganglion cells leading to optic
nerve degeneration, excavation and corresponding
visual field defects (VFD)."” Glaucoma is
asymptomatic and as such, most of the time, the
patients are unaware of the disease.” It is usually
discovered during evaluation for other eye
conditions or when the disease is advanced.™ The
disease eventually leads to visual impairment and
blindness.

Glaucoma may be classified based on aetiology as
primary or secondary, based on the age of onset as
congenital, infantile, juvenile or adult, and based on
the anterior chamber angle as Primary Open Angle
Glaucoma (POAG) or Primary Congenital
Glaucoma (PCG) or Primary Angle Closure
Glaucoma (PACG). Juvenile-Onset Open-Angle
Glaucoma(JOAG) is said to be a rare subset of
POAG. The risk factors for POAG include age, sex,
black race, diseases like hypertension (HTN) and
diabetes, lifestyle habits such as smoking and
alcohol consumption.® Other risk factors are
exfoliation syndrome, myopia, positive family
history of glaucoma and decreased perfusion
pressure.’Genetic mutations and central corneal
thickness are other risk factors for POAG still being
explored.” A study conducted at the University
Teaching Hospitals — Eye Hospital, Kitwe Teaching
Eye hospital and Lusaka Adventist Eye Hospital
found the prevalence of myocilin POAG gene
mutation at 14.5%.’ This was much higher than what
was reported by other studies and certainly showed
that genetic mutations were a risk for glaucoma in
the Zambia population.”

A study conducted in Zambia at the University
Teaching Hospital (UTH) Eye Department in 2013,
the prevalence of POAG was remarkably higher
(19.0%) than what was reported in a study involving
African-derived persons in East Baltimore,
Barbados and other African indigenous surveys in
West, East and Southern Africa.” The high
prevalence in this study was attributed to the
inclusion of participants aged 20 to 39 years in the
studyand also due to the fact that this was a Hospital
based study. Similarly, in a study conducted at the
UTH, JOAG prevalence was found to be 8.6% in the
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black Zambian population, suggesting that JOAG
was a common condition in the black Zambian
people. *These findings gave an insight on how the
glaucoma problem was in the Zambian setting.

Genetic risk factors are known to contribute to
POAG, although it has a complex inheritance
pattern that confounds many approaches used to
study Mendelian traits."

Fifteen POAG-associated loci and over seventy
unique mutations have been identified with many of
these mutations being specific to a single population
or ethnic group.'™ Within the loci several candidate
genes have been identified including myocilin
(MYOC)"“, optineurin'/, WD repeat-containing
protein 36 (WDR36)", and cytochrome p450 1B1"”.
Of all these mutations, MYOC (MYOC; accession
identifier NM_000261) has been found to harbour
more glaucoma-causing mutations than any other
identified risk gene'*”, with over eighty mutations
identified in different populations.”"*

Synonymous mutations (also known as silent
mutations) refers to the substitution of one base for
another in an exon of a gene coding for a protein.”
This mutation is possible because some amino acids
are coded for by more than one three base pair
codons.” Synonymous mutations are said to be
silent mutations, although the mutations are not
always silent.”*They are also said to be a specific
type of neutral mutation.”*As such silent mutations
in DNA or RNA are thought not to have an
observable effect on the organism's phenotype.
Synonymous mutations can affect transcription,
splicing, mRNA transport and translation any of
which could alter the functionality of the tissue or
organ and eventually the phenotype, rendering the
synonymous mutation non-silent.”Research further
suggests that alterations in silent mutations to the
triplet code can affect protein translation, efficiency,
folding and function.”*”’As the structure of proteins
determines its function; a protein must be able to
fold correctly into its tertiary form so that it can
function properly. In silent mutations, the folding
and functioning of the protein are
disturbed.”*’Kimchi-Sarfaty efal. showed that

proteins containing at least one of the silent
mutations had a subtly different shape compared
with normal proteins which turned out to replace
common triplets with much rarer ones.”They
concluded that it was evident that proteins made of
identical amino acids behaved differently and had
significant clinical phenotypic manifestations.”

Pearson Hellen observed that silent mutations
changed the way RNAbridged with DNA to protein
production.”Pagani et al., concluded that even the
most benign-looking polymorphism in an exon
should not be ignored as it may affect the splicing
processthat inactivate the protein to prevent cystic
fibrosis.”

Komarfurther reported that silent mutations with
important functions could be scattered across the
human genome.”” He encouraged researchers to re-
examine mutations in numerous genes brushed aside
previously.

He concluded that understanding these silent
mutations could one day help doctors to personalize
medicines to match a patient's genetic profile.”’

This study attempted to establish the contribution of
MYOC mutations to POAG in the Zambian
population. It also tried to identify novel mutations
for future functional work and genetic screening.
Therefore, we investigated the role of myocilin
mutations in POAG in a Zambian population.

METHODS

This was a case-control study. The cases and controls
were matched for age, gender and ethnicity. The age
difference was + two years old, because this
difference could not have ocular anatomical
differences between the matched participants. For
the purposes of the study, ethnicity was categorised
based on the officially recognised seven national
language groupings of Tonga, Nyanja, Lozi,
Kaonde, Luvale, Lunda and Bemba. For each
participant, this was determined by the language
their mother spoke.

The participants recruited were from University
Teaching Hospitals Eye Hospital(UTHs — EH),
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Kitwe Teaching Eye Hospital (KTEH) and Lusaka
Adventist Eye Hospital (LAEH) for a total of 165
cases and 173 controls. All participants consented to
study participation in writing. Subjects with POAG
were unrelated and met the inclusion criteria of: 1)
age of equal to or greater than 18 years; 2)
glaucomatous optic neuropathy in at least one eye;
and 3) Visual Field (VF) loss consistent with optic
nerve damage in at least one eye. Glaucomatous
optic neuropathy was defined as a cup-to-disc ratio
greater than 0.7 or focal loss of the nerve fibre layer
resulting in a notch, associated with a glaucomatous
Visual Filed Defect (VFD). Visual Fields were
performed using standard Humphrey's Visual Field
(HVF) perimetry. The anterior chamber angle in all
the POAG cases was measured using gonioscopy.
Intraocular Pressure (IOP) was measured by
applanation tonometry. The exclusion criteria for
POAG subjects included the diagnosis of a
secondary form of glaucoma or a history of ocular
trauma. The normal controls were recruited
specifically for this study and the visual field was
part of the eye examination.

The control subjects were unrelated and met the
criteria of: 1) no first degree relative with glaucoma;
2) 1OP less than 21 mmHg in both eyes without
treatment; 3) no evidence of glaucomatous optic
neuropathy in either eye and 4) normal VF in both
eyes.

All the participants presented as outpatients and
underwent a thorough examination by an
experienced ophthalmologist.

This study adhered to the tenets of the Declaration of
Helsinki. The University of Zambia Biomedical and
Research Ethics Committee reviewed and granted
authority to conduct the research. The three Hospital
sites also allowed the research to go on. After the
clinical examination, DNA samples were collected
from 5 ml peripheral blood acquired from each of the
338 participants and extracted using the QIAGEN
MINI COLUMN Kit per the manufacturer's
instructions. DNA was kept in at least 5 aliquots and
stored at — 80°C for sequencing later. DNA
concentrations were measured using a NanoDrop
1000 spectrophotometer and normalised to 10
ng/ml. The DNA was extracted at the University
Teaching Hospitals Tropgan Laboratory and
dispatched on ice to the University of Zambia,
School of Veterinary Medicine, Department of
Disease Control Virology Molecular Laboratory
within Lusaka for MYOC gene screening. The gel
electrophoresis and spectrophotometry determined
the quality and quantity of purified genomic DNA,
respectively. Primers flanking the entire coding
sequence of MYOCwere procured from the
Commercial Laboratory in the United Kingdom.

Table 1 below provides a list of the primers that were
used in the study to determine the role of POAG
genes in the Zambian population.

The targeted region covered at least 80 base pairs
into each intron to screen for potential mutations
affecting exon splicing. Dream Taq DNA
polymerase was used for all the polymerase-chain
reactions (PCR). The PCR amplifications were

Table 1: List of PCR Primers for MYOC (Myocilin) Exon Sequencing in a Zambian population

Myocilin Exon  Forward primer sequence Reverse primer sequence PCR product size  Covered genomic
(bp) region
Exon la ATCTTGCTGGCAGCGTGAA TCTCTGGTTTGGGTTTCC 614 chrl:171,621,342
171,621,955
Exon 1b GACAGCTCAGCTCAGGAAGG  GAAGGTGATCGCTGTGCTTT 663 chr1:171,620,991-
171,621,653
Exon 2 AGCAAAGACAGGGTTTCACC  AGGGCTTTGTTAGGGAAAGG 554 chrl:171,607,517-
171,608,071
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performed in Applied Biosystems Veriti 96 Well
Thermal Cycler by Life Technologies Model
number 9902 made in Singapore in 2015.
Completed PCR reactions were purified and
sequenced using the Sanger method. Sequencing
was performed in a Hitachi Applied Biosystems
3500 genetic analyser model 622-0010 0of 2016. The
raw sequence data obtained was edited using the
Genetyx version 12 software package. After that,
blasting and genetic analysis and were performed
based on MYOC sequence (GenBank NM_000261)
from the NCBI. Sequence alignment of the MYOC
wild type and mutant sequences was done using
Clustal Omega. The Expasy Bioinformatics
Resource Portal was used to translate the mutant
MY OC to the protein sequence.

Chi-square test was applied to test the association of
MYOC alleles and other variables namely sex, age
group, MYOC mutations, family history of
glaucoma andethnicity. Odds ratio (OR) had
corresponding 95% confidence intervals and p-
values were applied to measure association with
age, sex, CCT, MYOC mutations, positive family
history (exposure) and POAG (outcome). The OR
was used to compare the odds of genetic mutation
expression and having POAG. The disease severity
at presentation using a worse eye VFD and with
binocular field defects at presentation was analysed
separately using chi square or Pearson's correlation.
The case-control confounders were ruled out using
the conditional bivariate. Multiple conditional
logistic regressions was applied to test the
association between the presence of POAG and the
variables (genetic mutation, age, sex, history of
glaucoma).

RESULTS#

Actotal of 165 cases and 173 controls participated in
the study. The cases and controls were matched for
age, sex and ethnicity. The male participants made
up 51.2% and females 48.8%. The Bemba speaking
people were the majority (48.2%), followed by the
Nyanja speaking (21.3%), then Tonga speaking
(13.6%) and the least were the Lunda speaking
(2.9%). In terms of age group, the participants aged

below 40 years of age made up 31.4% and these
above 65 years represented 26.6%. Table 2 below
shows participants' demographics.

Table 2: Socio-demographic characteristics of the
case-control study participants at the UTHs EH,
KTEH, and LEH,n=338

Cases Controls Total Number
. of
Variable % (Ne) % (Ne) Participants
(%)
GENDER
Male 50.9 (84) 51.4 (89) 173 (51.2)
Female 49.1 (81) 48.6 (84) 165 (48.8)
AGE GROUP
<40 30.3 (50) 32.4 (56) 106 (31.4)
40-44 8.5 (14) 7.5 (13) 27 (8.0)
45-49 5.5(9) 5.2(9) 18 (5.3)
50-54 9.7 (16) 9.8 (17) 33 (9.8)
55-59 73(12) 6.9 (12) 24 (7.1)
60-64 12.1 (20) 11.6 (20) 40 (11.8)
26.7 (44) 26.6 (46) 90 (26.6)
ETHNICITY
Tonga 13.9 (23) 13.3 (23) 46 (13.6)
Nyanja 21.8 (36) 20.8 (36) 72 (21.3)
Lozi 42 (7) 4.0 (7) 14 (4.1)
Kaonde 3.8(6) 3.5 (6) 12 (3.6)
Luvale 6.1(10) 6.4 (11) 21 (6.2)
Lunda 3.0(5) 2.9 (5) 10 (3.0)
Bemba 473 (78) 49.1 (85) 163 (48.2)
TOTAL 100 (165) 100 (173) 338 (100)

The POAG cases had a mean age of 51.3+N¥.9
years, while the mean age for the controls was
55.3£15.8 years. Among the study cases, 84
(50.9%) were males and 81 (49.1%) were females
(Table 2). There was no statistical difference
between the two sexes. Among the study controls,
84 (48.6%) were males and 89 (51.4%) were
females (Table 2).

The analysis revealed 4 polymorphisms of MYOC
mutations in 49 participants of the 338. The
mutations included one silent mutation (Thr474 Thr;
45/338) and three missense mutations (Ala446Thr;
16/338), (Leul58Arg; 4/338) and (Arg342Lys;
1/338). All the 16 participants with the missense
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mutation Ala446Thr (16/338), were part of the 45
who had a silent mutation. The codon usage in the
mutation changed to codons code for different
amino acids, as shown in Table 3 below.

Table 3: List of Polymorphisms, Original Base,
Mutation Base, Original and Mutated Codon as
well as Original and Mutated Amino Acids

Amino
Nucleotide Amino Acid Original Original
Original Mutation Mutated Acid
sequence  Change (Normal) Amino
Base base Codon Causing
change  (Polymorphism) Codon Acid
Mutation
Alanine  Threonine
¢723G>A  Ala446Thr Adenine  Guanine  GCA ACA
(Ala) (Thr)
) ) Leucine  Arginine
¢39T>G  Leul58Arg Thymine Guanine CTG CGG
(Lys) (Arg)
Arginine  Lysine
cT21G>A  Argd42Lys Guanine  Adenine  AGA AAA
(A (Lys)
Threonine Threonine
¢.729G>A  Thr474Thr Guanine Adenine  ACA ACG

(Th)  (Thy)

Figures 1 below shows the picture result of the
MYOC silent mutationThr474Thr.

Figure 1: Mutation analysis of MYOC in 45
patients. MY O mutation c.729G>A.

*Genomic sequence of the MYOC gene from normal individuals A to
mutated individual B at position 729, heterozygous c.729G>A,
(Thr474Thr).

All these changes, c.723G>A (Ala446Thr),
c.39T>G (Leul58Arg), c¢c.721G>A
(Arg342Lys)andc.729G>A (Thr474Thr) appeared
to be associated with glaucoma. Ala446Thr was

observed in eight controls and eight cases, whereas
Leul58Arg was observed in four cases and not in
any of the control participants. Both Arg342Lys and
Ala446Thr were observed in one control only.
Leul58Arg seemed to have been a novel missense
mutation. Leul58Arg and Ala446Thr MYOC
mutations appeared to cause a clinically
distinguishable form of glaucoma when compared to
cases that did not carry mutations in MYOC.

The study identified, Thr474Thr, silent variant in 20
controls and 25 cases (Table 4). There was no
statistical difference between the cases and controls
when it came to the presence of Thr474Thr;
p=0.342. Arg342Lys variant was found in no cases,
but in one control. The variant c.723G>A was
equally distributed among the controls, eight (50%)
and the cases, eight (50%). Sixteen participants were
found to carry multiple non-synonymous variants.
The 16 individuals carried Ala446Thr and
Thr474Thr and one of the controls also Arg342Lys
to make it three variants; Thr474Thr,Arg342Lys and
Ala446Thr. Inall, 7.7% (29/338) of the cases carried
missense mutations (LeulS58Arg, Arg342Lys and
Ala446Thr).All these findings are illustrated in
Table 4 below.

Table 4: List of Coding Variants and Amino Acid
Change Identified from MYOC Exon
Sequencing in the Zambian Population, n=49

Nucleotide AA change Reported Observedin  Observed in Total

sequence pathogenicity POAG controls
change (n=165) (n=173)
¢.723G>A  Aladd6Thr Glaucoma 8 8
causing *16
¢39T>G  Leul58Arg Novel 4 0
cT21G>A  Arg342Lys Glaucoma 0 1
causing *]
¢.729G>A  Thrd74Thr Novel 25 20 45
TOTAL 29 20 49
Note: "The 16 and 1 individual were part of 45 participants who

also had silent MYOC mutation. The 45 was the number considered for

counting so that there was no duplication in terms of numbers.

When conditional logistic regression (conditioned
on age, sex and ethnicity), was conducted CCT, IOP
and family history were associated with POAG. The
glaucoma cases with a positive history of glaucoma

241



Medical Journal of Zambia, Vol. 49 (3): 236 - 247 (2022)

in the family were 108 times more likely to develop There was no statistical association between

glaucoma, and this was statistically significant (p = MYOC mutations and POAG (p=0.921, p=0.700
O.QOS)..The cases also had 1.697 che.lnces of having and p=0.992). All these findings are illustrated in
raised intraocular pressure and this was equally Table 5 below

statistically significant (0.002).

Table 5: Conditional Logistic Regression to Determine Factors Associated with POAG in Cases and
Controls (n=338)

Variable Level OR 95%Cl1 p-value AOR 95%Cl1 p-
value
Lower Upper Lower Upper
Age in 0.978 0.812 1.177 0.813 0.446 0.207 0.962  0.040
Years
Sex Female 3.95 1.89 4.43 0.001 3.10 2.10 5.38 0.021
Male (Ref)
Ethnicity Tonga 65.289 0 6280 0.61 1 - - -
Lozi 426.627 0 3201 0.471 1 - - -
Luvale 65.289 0.001 5658 0.471 1 - - -
Bemba (Ref)
CCT 0.997 0.992 1.003 0.3 0.962 0.932 0.992 0.014
0P 1.493 1.293 1.724 0 1.697 1.221 2.358  0.002
History of Yes 43 5921 312.256 0 108.208 3.49 335497  0.008
Glaucoma
No (Ref)
MYOC 1a Present 65.289 0.021  2025.58 0.308 15.723 0 9.031 0.921
Absent (Ref)
MYOC 2 Present 1.143 0.414 3.152 0.796 2.038 0.055 75.895 0.700
Absent (Ref)
MYOC 2 Present 1.437 0.759 2.721 0.265 0.989 0.11 8.864 0.992
Silent
Absent (Ref)
Past Hypertension 65.289 2.788 1528.80 0.009 15650.1 0.001 4894 0.273
medical 8 66
history Diabetes ~ 65289 5.137 829.805 0001 169515 0002 1618 0291
4
Tuberculosis 65.289 0.001  565.749 0.471 8.152 0 7271 0.954
None (Ref)

Note: CCT = Central Corneal Thickness; IOP = Intraocular pressure; OR = Odds Ratio; AOR = Adjusted Odds Ratio
CI = Confidence Interval
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Table 6 Association of Family History of
Glaucoma and the Myocilin Mutations (n =49)

Variable Family History p-value
Positive Negative

Thr474Thr P<0.0053
Case 8 17
Control 0 20

Ala446Thr 0.131
Case 2 6
Control 0 8

All mutations 0.0066
Case 11 26
Control 0 20

The odds of having a positive family history with
MYOC mutations were 7.78 (CI, 4.44,20.56).

There was a very significant association between
Thr474Thr and Ala446Thr, p<0.001. There was
equally a very significant association between
MYOC mutations and positive family history of
glaucoma in both bivariate and multivariate
analysis, p=0.001 and p<0.001

DISCUSSION

Myocilin exists in the form of MY CO protein found
in multiple ocular tissues. However, its interaction
with the mitochondria in the trabecular meshwork
(TM) and astrocytes appear to be specific. Despite
extensive research, it remains unclear how myocilin
mutations lead to glaucoma.””'He et al., reported
that TM cells overexpressing Pro370Leu mutant
MYCO demonstrate features of mitochondrial
dysfunction and, thus, Pro370Leu mutant MYCO
may increase the vulnerability of TM cells to
cellular injury and cause impaired function and even
cell death.” Cell death is what leads to glaucoma.
The MY CO further causes deregulation of calcium
channels causing mitochondrial membrane
depolarisation in TM cells, TM contraction, and
subsequently leading to reduced outflow and IOP
elevation.” This study did not assess TM genetic
studies which would be essential to do so in future.

Research suggests that genetic alterations to the
triplet code that do affect protein translation,
efficiency, folding and function are referred to as
silent mutations or synonymous mutations.”* These
mutations in DNA or RNA are thought mainly not to
have any observable effect on the organism's
phenotype.”*They are said to be a specific type of
neutral mutation. Several studies have reported that
the so-called synonymous mutations are not always
silent, nor vice versa.” ™

Synonymous mutations can affect transcription,
splicing, mRNA transport and translation, any of
which could alter phenotype, rendering the
synonymous mutation non-silent.”**’ As the structure
of proteins determines its function, a protein must be
folded correctly into its tertiary form so that the
protein would function properly. In silent mutations,
the folding and functioning of the protein are
disturbed.”™ Proteins containing at least one of the
silent mutations has a different shape compared with
normal proteins.”

Pearsonreported thata team led by Francisco Baralle
at the International Centre for Genetic Engineering
and Biotechnology in Trieste, Italy, demonstrated
that silent mutations gene were responsible for the
lung disease called cystic fibrosis.” The disease was
caused by splicing changes that inactivate the
protein to prevent cystic fibrosis. Similarly, silent
mutations could be responsible for such conditions
as glaucoma because of the altered protein function.
If MYOC was protective initially, once it became
mutated, it could predispose one to glaucoma.

In this study, the codon usage in the silent mutation
(Thr474Thr) changed from ACG to ACA and both
codons code for threonine. The guanine base was
replaced with the adenine base which is also a
purine. Guanine is more complicated than adenine,
implying that the protein could have become
unstable by introducing an unstable
adenine.Although adenine and guanine are both
purines, their chemical structures are fundamentally
different. Adenine contains an amine group on C-6
and an additional double bond between N-1 and C-6
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in its pyrimidine ring. Guanine has an amine group
on C-2 and a carbonyl group on C-6 in its pyrimidine
ring. These striking differences between guanine and
adenine can undoubtedly lead to severe structural
and functional changes of the proteins in MYCO
hence the mutation.™

The above explanation makes logical sense to
postulate that the silent mutations could have
influenced not only the protein structure but the
functionality too considering that adenine and
guanine have different properties which would make
the protein behave differently. The complementary
pairs formed by adenine and guanine is another
difference that can cause mutation in MYOC.
Whereas adenine forms complementary base pairs
with thymine in DNA and uracil in RNA, guanine
forms complementary base pairsin both DNA and
RNA are formed with cytosine. The molecular mass
of adenine is 135.13 g/mol, while for guanine is
151.13 g/mol. The difference in molecular weight of
16 g/mol between the two purines is very significant
at molecular level and it can cause structural change
in the proteins formed from the two.

Guanine would form a more substantial and stable
protein than adenine as it is a heavier base. The
solubility of adenine in water is 0.103 g/100 mL
whereas Guanine is insoluble in water. Protein
containing adenine would dissolve easily in water,
making the protein even more unstable. This
solubility is another fundamental difference that can
lead to alteration in protein structure and function.
Adenine and guanine differ from their functional
groups, which are attached to the purine core of each
molecule.”

Due to the preceding possible explanation, the
altered protein content would not be able to fold
correctly into its tertiary form so that it could
function adequately.”” The disturbance in the
functionality of the protein could lead to many
medical conditions such as glaucoma. In this study,
there are other compelling reasons to think that the
synonymous polymorphism may not be silent as to
such. The very high prevalence (19.0%) of POAG,

strong positive family history and high prevalence
of Juvenile onset Open Angle Glaucoma
(JOAG)(8.6%) are among the compelling reasons
to convincingly state that the synonymous
mutations could be the fundamental basis behind all
this huge glaucoma burden.”" A positive family of
glaucoma was strongly associated with both the
development of glaucoma and presence MYOC
mutations. All MY OC mutations in this study led to
the development of POAG contrary to other reports
that synonymous mutations were silent.”**In
addition all the cases that had the silent mutation,
Thr474Thr, had severe form of POAG clinically
and their VA was <6/60. The clinical profile of
Thr474Thr was statistically significant for female
gender, younger age group (<40 years), older age
group (2 65 years), positive family history, poor
VA, severe visual field changes, diffuse retinal
nerve fibre layer defects and peripapillary atrophy
surrounding the optic nerve head. The cup disc ratio
was high (between 0.9 and 1.0) in all of them, had
severe visual field defects affecting the area within
10° from fixation and their IOP was more than
35mmHg and all these findings were bilaterally in
96% of the cases with Thr474Thr mutation. The
cases with Thr474Thr mutation had severe,
bilateral disease and all of them had a positive
family history of glaucoma. They also had
presented with advanced disease to the Hospital.
The younger cases with Thr474Thr mutation had
high IOP and severe glaucomatous damage at
presentation compared to the older cases.

These cases presented with eye pain as one of the
reasons for coming to the Hospital and had a short
history of symptoms.The aforementioned clinical
profile describes a severe phenotypic presentation
of Thr474Thr mutation associated with visual
impairment and blindness.When it came to the
controls who had Thr474Thr mutation, they had a
positive family history for POAG(for second
degree relatives)and their IOP was on the higher
side of normal range which was from 19 mmHg to
21mmHg. These phenotypic findings could not
have been coincidental, but fundamental ones
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especially that they were peculiar to the cases and
controls with the Thr474Thr mutation and strongly
supported the POAG clinical profile. The
association between family history of POAG and
Thr474Thr mutation was extremely significant,
p<0.001, and both groups had over 108 odds of
having POAG. These findings were a clear
demonstration of the silent MYOC mutations
defying their silent nature and revealing their
dominant role in the causation of POAG.

The Arg342Lys mutation in one control exhibited
the same phenotypic features as with those with
mutation Thr474Thr. Similarly, the four cases with
the mutation Leul58Arg exhibited the same
phenotypic features as the cases which had
Thr474Thr. Ideally patients with the mutation
Thr474Thr should have exhibited very mild clinical
features of POAG and the controls should not have
exhibited any clinical features suggestive of POAG
ifit was truly silent.

CONCLUSION

This finding of the study is a clear manifestation of
the mutation Thr474Thr not being silent or neutral
polymorphism in nature. The silent mutation
Thrd74Thr found appears to be glaucoma-causing.
This study has helped to establish the contribution
of MYOC mutations to POAG in the Zambian
population, which is a sub-Saharan population. It
can also serve as a basis upon which future works
can be developed in POAG genetic screening in
Zambia and identify novel mutations.
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