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Abstract

Background: Glaucoma refers to a group of diseases characterized by atrophy of the optic nerve 
and visual field defects. Pathological increase of intraocular pressure is the main risk factor. Once 
diagnosed, glaucoma often requires immediate treatment. The purpose of treatment is the 
effective and timely control of elevated intraocular pressure, in order to prevent further damage 
to the optic nerve. However, the current various treatment measures mainly consist in reducing 
the intra-ocular pressure level.

Genetic factors seem to play an undeniable role in glaucoma pathogenesis; Kass and Becker were 
among the first to clarify the possible association between family history and glaucoma. Their 
initial investigations on hereditary aspects of glaucoma led to the discovery of a relationship 
defying simple genetic analysis. A genetic basis for glaucoma has been established through 
epidemiological studies, reports of large affected families, Genome-Wide Association Studies 
(GWAS), and animal models of glaucoma. However, the inheritance pattern of this disorder seems 
to be multifactorial resulting from the interaction of one or more genes and/or environmental 
stimuli. To date, there have multiple genetic loci and genes have been linked to POAG. 

Mutations in several genes are reported to cause POAG, these genes account for less than 10% 
of cases worldwide. How these genes cause or influence the likelihood of developing POAG is of 
major interest. Genetic background (including genetic and ethnic differences) plays an important 
role in the pathogenesis of glaucoma, therefore, the genetic study of glaucoma pedigrees is of 
great significance. Targeted screening and collection of targeted genetic data for high-risk groups 
can provide solid evidence for clinical treatment, save patients a lot of time and money, and 
provide reasonable advice to undiagnosed family members in order to facilitate early detection, 
early diagnosis and early treatment of the condition to avoid advanced damage to the visual field.

Objectives: This study was conducted in order to investigate the role played by genetic factors in 
glaucoma pathogenesis through mutation screening in 3 POAG affected patients from a different 
ethnic background and one high-risk individual.  

Methods: 1. Review and summary of relevant literature.

1.	 Three POAG patients from a different ethnic background and possessing both a positive 
family history of the condition, one high-risk individual as well as two matching ethnic 
background unrelated control subjects were selected for this study from the Ophthalmology 
Department of Nanfang Hospital. Pedigrees were drawn after inquiry of detailed family 
history, information on relatives, medical records and family reports. Full body characteristics 
(height, weight, age, sex, blood pressure, etc.) from all participants were recorded; before 
proceeding to conduct a complete ophthalmic examination including visual acuity, slit 
lamp, tonometry, goniometer, fundus (ophthalmoscopy), perimetry (visual field) and 
Optical Coherence Tomography (OCT).

2.	 Peripheral blood ( 10 ml ) was then collected from and later sent to BGI to conduct a whole-
exome sequencing, with special attention given to the following glaucoma-associated 
genes MYOC, OPTN, WDR36, TBK1, NFT4, CYP1B1, LTBP2.

Results: No MYOC, OPTN, WDR36, TBK1, NFT4, LTBP2 and CYP1B1 mutations were detected in our 
study, however, the presence of LTBP2 variants was observed in the case group, comprising of 6 
variants observed in subject Ai1 while 3 variants were observed in subject Ai2. The rs2196861 and 
rs5809669 variants are harboured by both Ai1 and Ai2. No genetic mutations were observed in 
the control group.

Conclusion: Glaucoma is a complex disease because genetic and environmental factors both play 
important roles in its pathogenesis. Our study detected novel LTBP2 gene mutations in 2 POAG 
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Introduction
Glaucoma (pronunciation: glaw-ko’me) is an umbrella 
term used for a heterogeneous group of ocular disorders 
with multi-factorial etiology, often associated with elevated 
intraocular pressure and characterized by the progressive 
excavation of the optic disc, optic atrophy, and gradual 
loss of the visual field caused by the slow death of retinal 
ganglion cells and their axons. Most often glaucoma is an 
asymptomatic disease, especially at its beginning [1]. It 
is painless, and peripheral visual field damage could well 
go unnoticed. Also, glaucoma can evolve for several years 
before being diagnosed with a simple routine examination 
with the ophthalmologist [2]. Glaucoma is not a term 
commonly used to solely designate elevated intraocular 
pressure with no detectable impact on the optic nerve, 
which still needs to be properly monitored because a large 
number of elevated IOP may yet evolve into glaucoma.

It is now known that the level of intraocular pressure likely 
to cause glaucoma is unique to each individual, which makes 
the diagnosis of the disease difficult at the early stages. 
It is difficult to provide accurate data on the frequency 
of glaucoma. The numbers depend on the definition of 
glaucoma taken into account, the type of the ethnic group 
being studied and also the average age of the population. 
Glaucoma is currently considered to be the leading cause 
of irreversible blindness worldwide, even though there is an 
evident variation in its subtypes and risks among different 
races and countries [3-5].

The number of people affected with Glaucoma (POAG 
and PACG combined) worldwide was estimated to be 60.5 
million in 2010, Open-Angle Glaucoma (OAG) patients 
represented 3/4 of the total number of glaucoma patients, 
whereas women roughly comprised nearly half of the total 
number of OAG patients, 70% of Angle-Closure Glaucoma 
(ACG). This number will increase significantly with future 
population growth and increasing life expectancy and it has 
been estimated that by the year 2020, approximately 79.6 
million people will be affected including 3 million in the 
USA and 21 million in China half of whom ignore the fact 
that they have developed the disease [6-11]. According to 
recent studies, It has been estimated that glaucoma causes 
blindness in close to 10% of those affected by the disease 
[12]. The importance of glaucoma blindness is compounded 
by the fact that the damage is irreversible, and may progress 
from “definitional” blindness (visual acuity below 3/60 or 
severely constricted visual fields) to loss of light perception. 
Bilateral blindness, set to be present in more than 4.5 

million OAG patients and 3.9 million ACG patients by 
the year 2010, is expected to witness a remarkable rise in 
2020 and is set to reach 5.9 million and 5.3 million people 
respectively. The number of people affected with glaucoma 
worldwide is expected to reach 111.8 million by 2040 with 
Africa and Asia being more heavily affected [13]. Chinese 
PACG patients account for nearly half of the total number 
of PACG cases worldwide [7].

The association of family history and open-angle glaucoma 
has been the centre of interest of researchers for years. Kass 
and Becker were among the first to clarify the possible 
association between family history and glaucoma. Their 
initial investigations on hereditary aspects of glaucoma led 
to the discovery of a relationship defying simple genetic 
analysis. Despite the fact that anyone can be affected by 
glaucoma, people who have a family history are at an even 
greater risk. It has been demonstrated that positive family 
history, whether present at birth or acquired later in life 
may be a major risk factor for the presence and severity of 
both POAG and PACG, with siblings of affected individuals 
showing a greater risk of developing the disease [14-17]. 
Nearly half of all primary OAG patients possess a positive 
family history, and not only are their first degree relatives 
(parents, siblings or children ) said to comparatively have a 
9-fold increased risk of developing glaucoma, but patients 
with positive family history also tend to develop the disease 
at a younger age than those without such a history [18-20].

Objective

This study was conducted in order to investigate the role 
played by genetic factors in glaucoma pathogenesis through 
mutations screening in 2 POAG affected patients from a 
different ethnic background and possessing both a positive 
family history.  

Methodology

Study Protocol and Ethical Consideration
The study was conducted with the approval of the ethics 
board of Southern Medical University, Nanfang Hospital. 
Written informed consents were obtained from all 
participants before the studies and the study conformed to 
the Declaration of Helsinki [20]. 

Inclusion and Exclusion Criteria
To be included in the study, subjects had to be open-angle 
glaucoma affected patients with at least one direct relative 

patients from different ethnic backgrounds and possessing both a positive family history. The LTBP2 gene is associated 
with PCG, but very few studies support its role in POAG occurrence. Further investigations are needed consisting in 
screening large POAG families for LTBP2 mutations in order to better quantify their implication to the condition.
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also affected by the disease. Conscious with full civil 
capacity, presenting no other serious systemic diseases, 
such as hypertension, poor diabetes control, and able to 
clearly understand and agree with the purpose and process 
of the clinical study.

Patients with a previous history of severe eye diseases, 
secondary glaucoma induced conditions such as elevated 
intraocular pressure, visual field defects, and changes in the 
fundus caused by other diseases as well as craniocerebral 
disease are excluded. 

Criteria for diagnosis of POAG were the presence of at least 
two of the following criteria: an IOP greater than 21 mmHg 
in at least one eye or inter-eye IOP asymmetry exceeding 
8 mmHg; characteristic glaucomatous optic nerve head or 
Retinal Nerve Fiber Layer (RNFL) changes (e.g., vertical 
cupping, neural rim thinning or loss, RNFL dropout); and 
visual field defects not attributable to other causes. None 
of the patients with diagnosed POAG had other ocular 
anomalies, and all presented with an open anterior chamber 
angle in the affected eyes.

Study Subjects and Recruitment
Participants were recruited from the Ophthalmology 
Department of Nanfang Hospital between March 2017 to 
March 2018. For the purpose of our study, we designed 
a case-control study. The cases were ethnically  matched 
with the controls. The cases for the study were made up of 
glaucoma affected individuals possessing positive family 
history (Ai1, Ai2), the controls (Nai1, Nai2) were normal 
healthy subjects with no family history of glaucoma and 
without self-reported eyes disorders. Sample information is 
shown in Table 1.

Two POAG affected individuals from a different ethnic 
background, both possessing positive family history of the 
condition who met our criteria as well as two unrelated 

control subjects sharing the same ethnic background with 
the recruited affected individuals were selected and enrolled 
for this study. 

Medical Examinations and Data Collection
Pedigrees were drawn after inquiry of detailed family 
history, information on relatives, medical records, family 
and self-report (Figure 1 to Figure 4).

Full body characteristics (height, weight, age, sex, blood 
pressure, etc.) from all participants were recorded; before 
taking part in a complete ophthalmic examination 
including visual acuity, slit lamp, tonometry, goniometer, 
fundus (ophthalmoscopy), perimetry (visual field) and 
Optical Coherence Tomography (OCT) conducted by an 
experienced glaucoma specialist.

Sample Collection 
Peripheral blood (10 ml) was then collected from all 
participants, Ethylene Diamine Tetra Acetic Acid (EDTA) 
was added as an anticoagulant and stored at -80°C in 
order to minimize freeze-thaw cycles and prevent DNA 
degradation. Blood samples were later sent to BGI. After 
genomic DNA extraction, genetic and clinical information 
was then recorded and established. The polymerase Chain 
Reaction (PCR) technique was used in order to amplify 
fragments for data analysis and the results were compared 
with the corresponding reference sequence in the database 
(WES). Special attention was given to the following 
glaucoma-associated genes MYOC, OPTN, WDR36, 
TBK1, NFT4, CYP1B1, LTBP2, and single nucleotide 
polymorphism analysis was later selectively performed on 
all exons and bases of the LTBP2 gene.

Results

An evenness of exome capture sequencing for each sample 

Table 1: Sample Information.
Sample ID Ai1 Ai2 Nai1 Nai2

Gender M M F F

Age at diagnosis 51 26    

Present Age (years) 53 27 26 23

Ethnicity Asian African Asian African

Disease POAG JOAG Refractive 
errors

Refractive 
errors

Affected eye Bilateral Bilateral

 

IOP at diagnosis OD: 48 mmHg OS: 46 mmHg
OD: >50 mmHg
OS: 42 mmHg

Present IOP OD: 20 mmHg OS: 21 mmHg
OD:13 mmHg
OS:14 mmHg

  Medical Levobunolol, Brinzolamide, Levobunolol, 
Bimatoprost  

Treatment Surgical Bilateral Trabeculectomy None

POAG Family History Positive Positive Negative Negative

Affected relatives Brother, Mother Mother, Uncle None None

Others condition Diabetes (DM) None None None
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was observed (Figure 5). Each one of these samples displays 
the required average depth for further proceedings, and 
figure 6 shows the Sequencing depth over chromosomes.

The above picture is based on the statistics of the sequencing 
depth of each chromosome in each sample to check whether 

the sequencing depth of each chromosome is qualified, 
which is equivalent to small quality control.

The reason for the inconsistency between the experiment 
and the control was that the experimental group are all 
male, so there was sequencing depth at the Y chromosome, 
meanwhile, the control group members are all female and 

Figure 1: Ophthalmic examination subject Ai1: Advanced Visual field defects in the eye of the subject with 
concordant RNFL, GCA, and VF loss. 
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Figure 2: Pedigree Family Ai1 (In this pedigree, the affected founding mother, I-2, and unaffected founding father, 
I-1, are parents to two affected sons, II-4 and II-5).

Figure 3: Ophthalmic examination subject Ai2 Visual field defects in the right eye of subject Ai2.
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since females had no Y chromosome and that a small 
proportion of the X chromosome in women was associated 
with the Y chromosome homologous, therefore in the 
control group chromosome Y also presents the depth of 
sequencing. Table 2, detected LTBP2 variants.

No MYOC, OPTN, WDR36, TBK1, NFT4, LTBP2 and 

CYP1B1 mutations were detected in our study, however, 
the presence of novel LTBP2 variants was observed in 
the case group, comprising of 6 variants observed in 
subject Ai1 while 3 variants were observed in subject Ai2  
(Figure 7). The rs2196861 and rs5809669 variants are 
harboured by both Ai1 and Ai2. No genetic mutations were 
observed in the control group.

Figure 4: Pedigree Family Ai2 (In this pedigree, the affected founding mother, I-1, and unaffected founding father, 
I-2, are parents to one affected son).

Figure 5: Evenness of exome capture sequencing for each sample (Cumulative distribution map of sequencing 
depth in capture area).

Figure 3: Ophthalmic examination subject Ai2 Visual field defects in the right eye of subject Ai2.
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Figure 6: Sequencing depth over chromosomes.

Figure 7: Detection of LTBP2 variants among subjects Ai1 and Ai2.

Discussion

LTBP2 is a large gene with 36 exons which encodes latent 
transforming growth factor (TGF)-beta binding protein 
2, a matrix protein containing 1821 amino acids and a 
member of a protein superfamily composed of fibrillins 
and LTBP proteins; it interacts with fibrillin containing 
microfibrils [21-23] LTBP2’s exact function is still not 
well understood, however many studies support its role in 

tissue repair processes,  cell adhesion, structural stability of 
ciliary zonules and growth and development of iris [24-27]. 
LTBP2’s function is also suspected to be related to those of 
microfibrils and elastin fibres due to its presence in elastic 
tissues and its association with microfibrils containing 
fibrillin. In addition to structural roles, it may affect 
TGF-β activities. Mutations causing loss of function in the 
gene encoding LTBP2 are linked with the development of 
primary congenital glaucoma [28]. The meaning behind the 

Table 2: Detected LTBP2 variants.

Ai1 Ai2 REF ALT Consequence Impact

rs2196861 rs2196861 T C Intron variant MODIFIER

rs5809669 rs5809669 G GC Intron variant and feature elongation MODIFIER

  rs142330216 C CGCGT Intron variant and feature elongation MODIFIER

rs181190434   G A Non-coding transcript exon variant and non-coding 
transcript variant MODIFIER

rs377640482   C A Intron variant MODIFIER

rs111988741   C CGT Intron variant and NMD transcript variant and feature 
elongation MODIFIER

rs201664630   TGC T,CGC Intron variant and NMD transcript variant MODIFIER
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LTBP proteins named is related to their ability to bind latent 
forms of TGF-βs. Four LTBP family members (LTBP1-
LTBP4) have been annotated based on their structural 
features. TGF-βs refers to a potent multifunctional family of 
cytokines capable of modulating various physiological and 
cellular processes [29] and are also present extracellularly 
as latent complexes waiting to be activated by appropriate 
signals [30]. Despite the fact that no evidence of the direct 
binding process between TGF-βs and fibrillin, however, it 
has been suggested that some LTBP proteins do possess 
not only the ability to bind both molecules but also act as 
mediators between them [31,32]. 

Its role as a causative PCG causative gene was established 
in 2009 [33-36]. LTBP2 expressions were shown to be 
present in parts of the human eye including the trabecular 
meshwork and ciliary processes, elasticity properties 
changes happening in those areas may affect the outflow 
of the aqueous humour, whether directly or indirectly 
and provoke PCG [23]. Additionally, TGF-β functions 
can also be affected and altered by LTBP2. TGF-β has 
multiple important cellular functions such as modulation 
of extracellular matrix formation [28]. 

Previously identified LTBP2 mutation including the 
p.Ser472fsX3 deletion( observed in an Iranian family), 
result in truncation of the LTBP2 protein within its 
amino-terminal and are expected to affect not only the 
structure and function but might also interfere with the 
binding of both fibrillin 1 and fibulin 5. Nevertheless, The 
p.Tyr1793fsX55 deletion, previously associated with PCG 
occurrence in one studied family is suspected to affect 
LTBP2 carboxyl-terminal thus suggesting that a fibulin 5 
binding interference alone might be deleterious [23]. 

Fibrillin 1 mutations have been associated with Marfan 
syndrome [37-39], characterized by cardiovascular, skeletal 
and finally, optic defects comprised of keratectasia, ectopia 
lentis and glaucoma. Additionally, patients affected with 
diseases accompanied by secondary glaucomas such 
as lens dislocation, spherophakia, microspherophakia, 

megalocornea and Weil-Marchesani syndrome also 
harbour mutations in this gene [27,28,40-44].

After LTBP2’s role in PCG was established, and reports 
of another previously PCG related gene (CYP1B1) being 
linked to POAG, Jelodari-Mamaghani and his colleagues 
did proceed to an LTBP2 mutation screening among POAG 
affected individuals [43-45]. Referring to the facts that 
the LTBP2 protein is a component of PEX material, the 
occurring of extracellular affection in pseudoexfoliation 
syndrome and the high percentage of PEX patients 
developing glaucoma years later, pseudoexfoliation patients 
were also later screened for possible LTBP2 mutations [43]. 
These studies identified several sequence variations that 
appeared to contribute to the disease status of both groups 
of patients, albeit the variations did not evidence mendelian 
inheritance and they revealed incomplete penetrance. 
Microscopic studies showed that the extracellular matrix of 
mutation harbouring patients was disrupted [43]. 

Another study highlighted the possible implication of 
LTBP2 in PACG development by performing mutation 
screening of the gene in affected individuals [23].

Although there is a clear difference in the etiology of various 
forms of glaucoma, however, it is understood that their 
common features reflect partial overlap in the etiologies. 
Evidence for a possible role of LTBP2 in the occurrence of 
PACG was observed when a group of researchers trying 
to study a primary congenital glaucoma family discovered 
angle-closure glaucoma and pupillary block affected 
individual was harbouring a Glu229Lys causing mutation 
in CYP1B1 and also a p. Arg299* causing mutation in LTBP2 
[46]. Further studies on Marfan syndrome affected families 
led to the identification of one angle-closure glaucoma 
and mitral valve prolapse affected family member who did 
exhibit the p. Arg548* mutation in LTBP2 [28]. 

Here, we report the presence of a combined total of 
9 LTBP2  mutations in POAG patients from different 
ethnic backgrounds and possessing both a positive family 
history. However, most of the detected variants were all 

Figure 8:  Process of LTBP2 to PCG.



44

novel variants meaning they were not reported by any of 
the previous studies and besides creating an amino-acid 
substitution and affecting protein-coding processes, lead 
to an intron variant consequence, namely provoking the 
occurring of a transcript variant within an intron. The 
resulting variants may be able to affect non-coding genes, 
but according to the results of Variant Effect Predictor 
(VEP), it is difficult to estimate exact impacts. The fact 
that there are two mutations (rs2196861 and rs5809669) 
observed in both patients despite their ethnic background 
difference argues in favour of their pathogenicity. The 
mechanisms by which LTBP2 might contribute to glaucoma 
pathogenesis is still unknown. The microfibril hypothesis is 
based on genetic and biological evidence and is consistent 
with many key features of glaucoma that have been 
studied extensively. Genetic support for the microfibril 
hypothesis includes the involvement of LTBP2 [23,37]. 
Microfibril defects could contribute to glaucoma through 
alterations in biomechanical properties of tissue and/or 
through effects on signalling through transforming growth 
factor-beta (TGF-β). Microfibrils are the major reservoir 
of latent TGF-β and are central to TGF-β localization 
and signalling (Localization and activation of TGF-β are 
controlled by microfibrils [47-51]. Defective microfibrils 
could provide a mechanism for the elevation of TGF-β2 
in the aqueous humour of glaucoma patients. If glaucoma 
shares mechanisms with other diseases caused by defective 
microfibrils, therapeutic interventions to inhibit chronic 
activation of TGF-β signalling used in those diseases may 
be applied to glaucoma.

TGF-β may play a central role in glaucoma pathogenesis 
in general, and in particular, may cause decreased aqueous 
humour outflow through the TM. Since the initial 
discovery in 1994 by Tripathi [52] that the aqueous humour 
of glaucoma patients contains elevated levels of TGFβ2, 
evidence has accumulated supporting elevated TGF-β2 
in the aqueous humour [53-58] and additionally, the 
ability of TGF-β2 to increase IOP, as recently reviewed by 
Fuchshofer and Tamm [59]. Perfusion of human anterior 
segments with TGF-β2 results in the decreased facility of 
outflow of AH and accumulation of matrix material in the 
TM [60,61]. In vivo, overexpression of TGF-β in mouse 
eyes by transgenic or viral expression results in elevated 
IOP [62-64]. A plausible mechanism by which increased 
TGF-β2 elevates IOP is by altering ECM turnover in the 
TM resulting in reduced aqueous humour outflow facility 
[65,66].  Figure 8 shows the process of LTBP2 to PCG.

In conclusion, our study detected novel LTBP2 gene 
mutations in 2 POAG patients from a different ethnic 
backgrounds. The LTBP2 gene is associated with PCG, but 
very few studies support its role in POAG occurrence. This 
finding not only emphasize the importance of the ECM in 
the development of glaucoma, but it somewhat hints at the 
contribution of the LTBP2 gene in POAG occurrence. This 

study might provide reasonable advice to unrecognized 
family members for early detection, early diagnosis, and 
early treatment to avoid irreversible damage to vision. 

Conclusion

Glaucoma is a complex disease because genetic and 
environmental factors both play important roles in its 
pathogenesis. Although, great advances have since been 
witnessed in the past decade concerning the genetic and 
environmental factors likely to cause or to contribute 
to causing glaucoma with the discovery of multiple 
glaucoma associated genes, genetic loci and susceptible 
gene variants, the genetic basis of glaucoma is still not 
completely understood. The LTBP2 gene is associated 
with PCG, but very few studies support its role in POAG 
occurrence. Investigating gene mutations among 2 POAG 
affected individuals from a different ethnic backgrounds 
and possessing both a positive family history, led to the 
detection of:

1.	 9 novel LTBP2 sequence variation in open-angle 
glaucoma patients

2.	 Similar LTBP2 sequence variation (rs2196861 and 
rs5809669) in open-angle glaucoma patients from a 
different ethnic background

3.	 LTBP2 sequence variation (rs2196861 and rs5809669) 
in glaucoma patients with positive family history

Since most glaucomas are symptomless at early stages, we 
stress that this finding creates a paradigm for future LTBP2 
studies as it might be of great importance and may prove 
to be useful in the early determination, early diagnosis and 
early treatment of asymptomatic cases. However, further 
investigations are needed consisting in screening large 
POAG families for LTBP2 mutations in order to better 
quantify their implication to the condition and ultimately 
contribute to the development of novel therapeutic 
strategies to help slow the progression of the disease, reduce 
further damage to the optic nerve and subsequently avoid 
blindness, and retain the quality of life.

Limitations

The number of limited participants makes it difficult to 
quantify the extent of the possible changes caused by the 
detected LTBP2 mutations.

Future Research Suggestions
1.	 Screening large POAG families for LTBP2 mutations. 

2.	 Cells and animals experiment to further investigate 
the function of LTBP2.

3.	 Collection and examination of TGF-β from aqueous 
humour of POAG patients.

4.	 Examination of skin tissue from patients possessing 
LTBP2 sequence variations.

Research ArticleIdentical Ltbp2 Mutation In Poag Patients and High-Risk Individual from Different Ethnic Background
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