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Abstract

Vaccines are conventionally thought to be a strategy to thwart the onset of any disease 
caused by pathogens. The elementary foundation for this concept is the ability of the 
immune system to discriminate between what is native to the body and what is foreign. 
This molecular xenophobia can, in principle, be exploited to prime the body to fight and 
neutralize any potentially disease-causing organism or moiety. For chronic disorders, 
preventive measures mediated through immune system modulation have been tried 
with little success yet the optimism for developing strategies of modulating the immune 
system is growing day by day as new techniques and animal models are being developed. 
Given the high prevalence of glaucoma and the ability of glaucoma experts to identify 
high-risk individuals, preventive regimens, and vaccine-like-substances can be developed 
to bring down the incidence. In this paper, we will discuss some preliminary efforts of 
vaccine development in glaucoma. We will also deliberate on the technical difficulties 
in developing effective vaccines for this disorder. In addition, we will try to identify 
measures with potential to transform the consistent toil of researchers in this field into 
an efficacious endeavor. We will attempt to recognize certain plausible methodologies 
that are likely to take the science of vaccine development for glaucoma (and other 
neurodegenerative disorders) somewhat nearer to the optimistic frontiers.
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Introduction

Glaucoma is the leading cause of irreversible blindness 
worldwide[1] with around 80 million sufferers.[2] Around 10% of 
patients suffering from glaucoma are bilaterally blind.[3] More 
than 110 million people are estimated to be diagnosed with 
glaucoma by 2040.[4] The magnitude of the problem becomes 
manifest when we consider the fact that the majority of glaucoma 
cases are undetected/undiagnosed.[2,4,5-10] Lack of sufficient 
epidemiological studies intricates the problem further. This is 
particularly relevant to eastern countries. In addition, glaucoma 
comes with an additional caretaker burden which extends to 
family members of the patient often leading to stress, anxiety, and 

depression not only to the patient but also to the members of the 
family. Lifelong economic burden of expensive medication[11-13] 
and regular follow-ups[14,15] is an additional trouble further 
intensified by the side effects of the medication.[16-18] Moreover, 
despite regular follow-ups,[14,15] meticulous expensive 
medication,[16-18] high caregiver motivation, and repeated 
surgeries,[19-22] the disease may progress to blindness.[3,23-25] 
Hence, in effect, there is no cure for glaucoma though it can be 
prevented in many cases if early diagnosis is made.[26-30] In that 
backdrop, a hope and ardent need for preventive medication 
for glaucoma comes up as a potent, promising, and yet difficult 
option. Development of a vaccine,[31,32] may therefore, be a viable 
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option for high-risk populations and the patients who seem to 
have a genetic predisposition for this disease. However, what 
does a vaccine for glaucoma mean? After all, glaucoma is not a 
pathogen-related disease and hence a vaccine may seem to be 
an overstatement. While this argument holds some weight but 
vaccination now has gone beyond its traditional Edward Jenner’s 
correlated definitions[33-36] and many chronic diseases are now 
being tackled with the development of vaccines[37] (or at least 
considered as candidates for vaccination). The success of such 
approaches has, however, been humble[38] but the conceptual 
hope is quite promising. Since almost double the number of 
patients suffers from glaucoma as compared to Alzheimer’s 
disease (AD) and vision loss is one of the deadliest threats to 
patients, it would be worthwhile to consider the idea of a vaccine 
for glaucoma (be it mediated through neuroprotection or any 
other means). Here, we briefly touch on a few nuances that will 
give us an overview of the new vista of vaccine development in 
glaucoma.

Although a vaccine is generally understood in terms of a 
biological preparation that improves or modulates immunity/
immunopotency of an organism (which contains a typical agent 
that resembles a disease-causing microorganism often referred 
to as antigen) against a particular disease and is often made 
from weakened or killed (attenuated) forms of the disease-
causing organism (often a microbe) or its toxins (generally 
an active biological substance or protein). Such a biological/
synthetic agent stimulates/modulates/activates/fine-tunes 
the body’s immune system in such a way so as to recognize the 
agent as foreign, evoke a response to destroy/neutralize it and 
“remember” it so that the immune system can easily recognize 
any of these microorganisms (or their pathogenic products); 
it later encounters, neutralizes, and renders them harmless. In 
the light of present-day scientific literature, a paradigm shift of a 
sort has mushroomed in the understanding of the development 
and mechanisms of action of vaccines. Lately, investigators 
worldwide have started opening new frontiers of vaccines for 
various non-pathogen-based diseases (chronic diseases) and 
this idea is gaining recognition even among skeptics. In chronic 
diseases, the causative factor is not an infectious agent – a 
representative example of this scenario is cancer or Parkinson’s 
disease (PD). Recently, many attempts to develop effective 
vaccines for various cancers have been reported and their efficacy 
tested with results generating significant enthusiasm.[39-45]

Glaucoma recently attracted considerable attention as a 
potential candidate disease to be subjected to vaccine-based 
management.[46-50] To this effect, Schwartz group from Israel 
has reported initial testimony of this prospect.[46-50] This group 
has now been working for more than a decade to develop an 
effective vaccine against glaucoma. Schwartz et al. reported the 
development of vaccine called Cop-1 (also known as copolymer-1; 
Copaxone and glatiramer acetate; it is a synthetic polypeptide 
comprising of four amino acids: L-alanine, L-glutamic acid, 
L-lysine, and L-tyrosine in a fixed molar ratio of 6.0:1.9:4.7:1.0. 
The molecular weight ranges from 4.7 to 11 kDa), which is 
currently being evaluated through clinical trials. Although the 

efficacy of this vaccine is not yet fully explored and the results of 
the trials are yet to be published but it has given birth to a new 
domain of thought process in glaucoma management. Cop-1 is 
currently being tested as a vaccine for other neurodegenerative 
disorders and stroke.[51]

It is to be taken into consideration that the vaccine developed 
by the Schwartz team does not claim to prevent the onset of 
glaucoma.[46-50] It has been used to slow down the progression 
of the disease. Hence, the vaccine may not be quite fitting the 
widely accepted definition of an ideal vaccine. Cop-1 acts through 
enhancing the autoimmune defense and directing T-lymphocytes 
to the site of optic nerve injury (optic nerve head in this case) 
where they initiate the tissue repairing process. At the outset, this 
approach presents with an optimistic outlook and opens novel 
dimensions of investigations but there are some conceptual and 
technical intricacies that need to be noted. Cop-1 works on the 
premise that autoimmunity is good for health. This initiates a big 
debate and often coerces the tenets of immunology to revisit the 
dogmas. Considering autoimmunity beneficial may have some 
health-promoting and physiology ameliorating effects but such a 
phenomenon has not been reported in the peer-reviewed literature. 
Beneficial effects of autoimmune response present a radical outlook 
that needs to be acknowledged with a certain caveat. The whole 
conjecture is somewhat notional and conceptually incoherent. 
Bringing the lymphocytes to the site of injury might prove helpful 
in repairing the injured/degenerating nerve but slight excess of 
them concentrated at a fragile site like optic nerve head may cause 
inflammation and hence damage to the cellular integrity and viability 
in vicinity. This may lead to irreversible changes in the extracellular 
matrix and may even trigger the loss of surviving islands within the 
optic nerve and, consequently, additional damage. To bolster this 
further, neuroinflammation is one of the major mechanisms that 
contribute to retinal ganglion cell (RGC) loss and hence progress 
of glaucomatous optic neuropathy.[52-54] As an augmentation to 
this logic, our group also reported an increase in inflammatory 
and stress markers in glaucoma patients.[55-58] In addition, it is well 
established that peripheral blood leukocytic count increases as a 
defense mechanism for injury anywhere in the body. A noticeable 
example of such an observation would be myocardial infarction 
in which the number of macrophages substantially increases in 
the peripheral blood following myocardial injury.[59,60] Such a 
scenario has physiological significance as it prevents a multitude of 
infections and instigates tissue repair.[59,60] Due to this verity, many 
investigators undertook procedures involving injection of various 
colony-stimulating factors such as granulocyte colony-stimulating 
factor[61-63] (G-CSF) and granulocyte-monocyte CSF[65,66] (GM-
CSF: Both bone marrow mobilizing factors that increase the count 
of precursor cells and other leukocytes in peripheral blood.[61,64] 
Although it could be viewed as an articulate prospect, not much 
success was seen by employing this approach and majority of 
such trials came up with humble results.[66] On this pretext, it can 
be argued that the conceptual basis of Cop-1 as a vaccine is not 
that thorough. However, we will have to wait for the results of the 
clinical trials to see how effective the vaccine will be and what safety 
concerns it proffers.



Qadri, et al. � Vaccine development for glaucoma: From skepticism to certitude

26� Clinical and Experimental Vision and Eye Research  ●  Vol. 2:2  ●  Jul-Dec 2019

In addition, Cop-1 based vaccine for glaucoma ensures 
repair of the site of injury,[45-50] indicating that the disease has to 
already set in before the vaccine is used. This, in turn, means that 
glaucoma has to already be diagnosed when the vaccination is 
considered. The vaccine is, hence, not preventive but a part of the 
treatment and management plan. Although this saves the vaccine 
from criticism of being dependent on predictive diagnosis, it 
cannot be considered as a true vaccine. Furthermore, there is 
significant apprehension about the efficacy of this vaccine in 
glaucoma cases where genetic etiology has been implicated. The 
fact that a majority of cases of glaucoma are etiologically rooted 
in mutations in CYP1B1, MYOC, FOXC1, LTBP2, and many 
other genes[67-72] and mitochondrial genome[73] further reinforces 
this line of thinking. If there are gene mutations underlying the 
etiology, the resultant functional deficit will continue and is likely 
to exacerbate the RGC apoptosis irrespective of the frequency 
and dosage of vaccines used to boost autoimmunity.

It is to be recognized that a vaccine for glaucoma, and 
any neurodegenerative disease for that matter, is not a non-
conceivable enterprise neither is it a scientific taboo but the 
modus operandi needs to be coherent and, at least, the deliverable 
should be free of severe side effects (that might worsen the 
disease rather than ameliorating it). An effective vaccine system 
for glaucoma has to be effective in almost all case of glaucoma or 
there needs to be different vaccination approaches for different 
glaucoma based on the underlying etiology and arguably the 
pathogenic mechanisms involved. With this stance, two separate 
vaccine systems for glaucoma (one for cases with gene mutations 
and other without) can be conceived. In the following discussion, 
we describe a brief overview of the development of an effective 
vaccine system for glaucoma which is likely to aid in delaying the 
onset of the disease and also preventing the functional deficit 
precipitated by mutations/pathogenic alteration in the genes 
already implicated in the etiopathogenesis of glaucoma. From 
the above discussion, we learn that vaccines can be prophylactic 
(to prevent or ameliorate the effects of a future infection by any 
pathogen), or therapeutic effective in cases where the disease has 
already ensued. The case with chronic diseases is different. A two-
fold vaccine system is likely to serve the purpose in preventing 
the onset of glaucoma where gene mutations are the etiological 
factor and slowing down (or stopping) progression in almost all 
cases where RGC apoptosis is the pathogenic hallmark.

Glaucoma where gene mutations are the etiogenic factors

For these cases, a vaccine can be preventive if the pathogenic 
gene alteration is corrected before the onset of the disease 
and therapeutic if the pathogenic genetic factor is corrected 
after the disease has started. It needs to be appreciated that 
correction of a gene deficit does not necessarily mean reversing 
a pathogenic mutation in the relevant gene. It can also indicate 
supplementation of the functional insufficiency precipitated by 
the pathogenic gene mutation underlying the etiology.[68] Use 
of an appropriate (non-pathogenic and non-toxic) genetically 
modified viral vector for the development of such a vaccine may 
be one of the imperative ways to tackle glaucoma.[74,75] Tagging 

the correct copy of the implicated gene to a suitable vector and 
delivery of the same to the relevant site where it will fine-tune 
the cellular metabolism and augment/improve the functional 
deficit of the implicated gene, is a scientifically consistent line 
of arguments. Such an approach may assist to develop a vaccine 
that holds some promise. With the development of gene-editing 
techniques such as CRISPR/Cas9 based genome editing 
technology, gene editing has become relatively easy, and vaccines 
based on these techniques are likely to have high precision and 
efficacy. We also reported CRISPR/Cas9 based gene editing in 
RGCs with CYP1B1 and MYOC genes recently.[76] One of the 
focuses of our team is to repair the genetic hitches observed in 
glaucoma. Our studies are yet based on cellular models which 
may soon lead to animal models followed by clinical trials.[76]

Several effective approaches are available for gene delivery 
to tissues relevant for glaucoma. The critical constraint to 
development is to tag the correct (un-mutated/wild-type/ 
normal) copy of the diseased gene to the appropriate vector and 
then successfully deliver the same to the relevant tissue site which 
may include as fragile a site as optic nerve head or as approachable 
an anatomical location as trabecular meshwork (TM). A  good 
example can be tagging the CYP1B1 gene to an adenoviral 
vector/adeno-associated vector (modified in accordance with 
the needs such as δE1 and δE4) which has tendency to go to 
TM. If such a vector delivers the correct copy of the CYP1B1 
gene to TM, TM dysgenesis can be reversed (due to the dynamic 
nature of the TM architecture), which in turn will restore the 
proper aqueous humor dynamics with lowering of the elevated 
intraocular pressure (IOP). Along with other cases of trabecular 
dysgenesis, this approach will be quite relevant to primary 
congenital glaucoma (in patients with loss of function mutations 
in CYP1B1 gene). The story goes like this: Myocilin (also 
known as TM inducible glucocorticoid receptor) is involved 
in the synthesis and maintenance of the beams of TM which 
determine the pore size and hence the rate of the flow and exit 
of aqueous humor. This has a direct effect on IOP. Myocilin/
MYOC upregulation leads to thick trabecular beams leading to 
narrowing down the pores of TM which consequently hampers 
outflow and causes IOP elevation precipitating disease. CYP1B1 
specifically hydroxylates 17β-estradiol at position 4 which then 
binds to the promoter region of MYOC gene leading to its 
downregulation and consequent lowering of IOP.[77] Events 
leading to RGC apoptosis can be targeted for genetic modulation 
if the gene underlying the etiology is known and if the correct 
gene delivery system is developed. Hauswirth and Beaufrere have 
proposed four prerequisites that should be met for any genetic 
therapy targeted to ophthalmic conditions.[78] They are (1) an 
efficient and nontoxic gene delivery technique, (2) sufficient 
characterization of the genetic basis of the disease to select 
an appropriately matched therapeutic approach, (3) proper 
control of the expression of the therapeutic gene, and (4) the 
availability of an animal model of the disease for preclinical 
testing. Any investigative endeavor should ideally exercise 
these simple but essential criteria. Additional issues that need 
to be taken care of include (1) tissue tropism of the gene 
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vehicle, (2) time course of gene expression, (3) intracellular 
viability of the gene and the vehicle, (4) gene carrying capacity of 
the vector, (5) potential for integration into the host genome or 
at least ability to replicate episomally using the host replication 
machinery, (6) immunogenicity, and (7) toxicity. Appropriate 
target structures or cell types for glaucoma gene delivery include 
TM, ciliary epithelium, ciliary muscle, RGCs, Muller cells, optic 
nerve, and subarachnoid space around optic nerve.

Glaucoma where no gene is known to be mutated

Glaucoma involves the loss of RGCs in a characteristic hourglass 
pattern.[79-85] Progressive loss of RGCs in a predictable sequential 
apoptotic manner[86] leads to loss of vision (currently considered 
to be an irreversible condition). A  vaccine aimed at targeting 
this pathogenic hallmark can be conceptualized (at least 
theoretically). Such a system seems to be arduous at the outset 
but may need experimental rigor to metamorphize into reality. 
Recent advances have, in a way, prompted researchers and 
clinicians to revisit the definitions of glaucoma and call it a kind 
of optic neuropathy (if not a frank neurodegenerative disease, 
though the evidence of glaucoma being a neurodegenerative 
disease is quite ripe[87]), so it is apt to think that if neuronal death 
is the issue, we need to look for modalities that will enhance 
the neuron viability. Such an approach will be applicable to 
AD, PD, and other neurodegenerative conditions due to the 
fact that glaucomatous damage has also been reported in the 
central nervous system.[87,88] RGCs are typical neurons and 
eye as such is also an extension of diencephalon.[87-89] TM is 
of neural crest origin. Investigators argue that there are many 
brain degenerative changes that take place in glaucoma.[87-89] 
Hence, glaucoma is essentially a neurodegenerative disorder. 
A  Janus-faceted vaccine can be conceptualized against such 
conditions. Since the hallmark of glaucoma is RGC apoptosis, 
two important issues need to be addressed including enhancing 
the survival of RGCs and preventing the onset of apoptosis. The 
development of such a vaccine will include the important steps 
of identifying factors (substance) that are neurotrophic in nature 
and likely to enhance the survival of RGCs. A  comprehensive 
list of neurotrophic factors can be prepared by bioinformatics 
approaches and data mining and then tested on RGC cultures 
using high throughput screening. Leads taken from cultures 
can then be tested on animal models for efficacy and safety. 
Subsequent steps may then give birth to clinical trials. However, 
it is important to note that predictive diagnosis of glaucoma is 
not yet a reality so this approach may be realistic in the high-risk 
individuals (such as the ocular hypertensives and near relatives 
of the glaucoma patients). A few candidate analytes for vaccine 
have already been indicated in literature for AD. The notion 
that AD is etiopathogenically similar to glaucoma[90-93] bolsters 
the aim of testing the same list on RGCs as well. Factors such 
as brain-derived neurotrophic factor and ciliary neurotrophic 
factor are potential candidates for this approach. Moieties like 
Citicoline and Quercetin might also fall within this category 
with effective neuroprotective properties and minimal-to-no 

side effects. Since RGC apoptosis is central to glaucoma 
pathogenesis, it will be worthwhile to identify (therapeutic) 
analytes that prevent the onset of apoptosis in many cells in 
general and neurons in particular. A list of such substances can 
be prepared bioinformatically and screened experimentally. 
An example of such a substance is GM1 – ganglioside (a 
glycosphingolipid-ceramide and oligosaccharide  – also called 
oligoglycosylceramide containing one or more sialic acid residues 
linked to the sugar chain. It is a cell membrane component which 
plays a role in modulating signal transduction). Once a shortlist 
of possibly effective substances for the prevention of RGC 
apoptosis is generated, it can be combined with the previous list 
and the two lists could then be used to make a combination and 
permutation of substances likely to (1) prevent RGC apoptosis 
and (2) enhance RGC survival.

Recently, the axon severance hypothesis of glaucoma 
was proposed[86] which says that glaucoma is more of a 
mechanical problem where the axons die due to physical 
pressure at the neuroretinal rim. While this theory may not 
take the neurodegenerative, molecular, and genetic aspects 
into consideration, ocular hypertension is one of the major risk 
factors and the only modifiable factor for glaucoma.[94] Hence, 
exploitation of IOP lowering can be used as a starting point for 
vaccination. Low dose ocular hypotensive medication could be 
given as a potential vaccination to high-risk patients before they 
develop the disease. Such an approach is, however, not without 
drawbacks given the side effects of ocular hypotensives in addition 
to the economic burden. Furthermore, such a vaccination is not 
long lived, an individual will have to take the medication lifelong 
to keep the onset of the disease at bay. While this approach may 
generate skepticism as to the fact that we do not know which 
ocular hypertensive patients will develop glaucoma and which 
would not, but it will surely help a majority of potential future 
glaucoma sufferers in preventing blindness and preserving vision. 
This may help a great proportion of high-risk patients from 
developing the disease. Normotensive individuals who develop 
glaucoma may not benefit from this approach.

Another interesting area to consider will be stress-based 
etiology of glaucoma. One of our recently published papers 
gives a detailed account of how mental stress can initiate and 
exacerbate events leading to vision loss in glaucoma.[58] This 
includes elevation in IOP, vascular dysregulation, endothelial 
dysfunction, and neurodegenerative processes.[58,88,89] Stress 
reduction may, therefore, be thought to be as one of the 
promising non-invasive and relatively inexpensive techniques 
to delay the onset of glaucoma and to bring down the severity. 
In a clinical trial, we recently reported that mindfulness/
meditation-based stress reduction techniques lead to lowering 
of IOP and improve quality of life in glaucoma patients.[56] 
Hence, mindfulness-based practices could ideally be used in 
ocular hypertensive patients and those at higher risk to delay 
the onset and bring down the severity of the disease. Moreover, 
stress reduction leads to improvement in insulin signaling,[95-97] 
thereby providing justification as a method of vaccination in the 
light of brain diabetes theory of glaucoma.[98,99]
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Conclusion

Although vaccine development for glaucoma is a difficult notion 
to realize, the goal is not absolutely out of question. In the 
backdrop of current literature, the development of any vaccine 
in near future is unlikely but the hope is growing day by day. Our 
understanding of glaucoma mechanisms is poor and hence most 
of the approaches to tackle this disorder are based on treating the 
only modifiable risk factor IOP pharmacologically/surgically. 
The recent brain diabetes theory for glaucoma has opened a new 
molecular vista for investigations into this disorder and initial 
evidence of our theory has been reported by some groups.[100,101] 
Results of our experiment are currently in communication. As we 
know more about the molecular mechanisms of glaucoma, we 
may identify novel targets to aim the vaccines at.

References

1.	 De Moraes CG, Liebmann JM, Levin LA. Detection and 
measurement of clinically meaningful visual field progression in 
clinical trials for glaucoma. Prog Retin Eye Res 2017;56:107-47.

2.	 Quigley HA, Broman AT. The number of people with glaucoma 
worldwide in 2010 and 2020. Br J Ophthalmol 2006;90:262-7.

3.	 Susanna R Jr., De Moraes CG, Cioffi GA, Ritch R. Why do 
people (still) go blind from glaucoma? Transl Vis Sci Technol 
2015;4:1.

4.	 Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. 
Global prevalence of glaucoma and projections of glaucoma 
burden through 2040: A  systematic review and meta-analysis. 
Ophthalmology 2014;121:2081-90.

5.	 Tielsch JM, Sommer A, Katz J, Royall RM, Quigley HA, Javitt J. 
Racial variations in the prevalence of primary open-angle 
glaucoma. The Baltimore eye survey. JAMA 1991;266:369-74.

6.	 Leske MC, Connell AM, Schachat AP, Hyman L. The Barbados 
eye study. Prevalence of open angle glaucoma. Arch Ophthalmol 
1994;112:821-9.

7.	 Rudnicka AR, Mt-Isa S, Owen CG, Cook DG, Ashby D. 
Variations in primary open-angle glaucoma prevalence by age, 
gender, and race: A Bayesian meta-analysis. Invest Ophthalmol 
Vis Sci 2006;47:4254-61.

8.	 Leske MC. Open-angle glaucoma an epidemiologic overview. 
Ophthalmic Epidemiol 2007;14:166-72.

9.	 Topouzis F, Coleman AL, Harris A, Koskosas A, Founti P, 
Gong G, et al. Factors associated with undiagnosed open-angle 
glaucoma: The Thessaloniki eye study. Am J Ophthalmol 2008; 
145:327-35.

10.	Heijl A, Bengtsson B, Oskarsdottir SE. Prevalence and severity of 
undetected manifest glaucoma: Results from the early manifest 
glaucoma trial screening. Ophthalmology 2013;120:1541-5.

11.	Chae B, Cakiner-Egilmez T, Desai M. Glaucoma medications. 
Insight 2013;38:5-9.

12.	Adio AO, Onua AA. Economic burden of glaucoma in rivers 
state, Nigeria. Clin Ophthalmol 2012;6:2023-31.

13.	Rylander NR, Vold SD. Cost analysis of glaucoma medications. 
Am J Ophthalmol 2008;145:106-13.

14.	Ang GS, Eke T. Lifetime visual prognosis for patients with 
primary open-angle glaucoma. Eye (Lond) 2007;21:604-8.

15.	Forbes M, Fairlamb H, Jonker L. The Health of Patients’ Eyes 
(HOPE) Glaucoma study. The effectiveness of a ‘glaucoma 

personal record’ for newly diagnosed glaucoma patients: Study 
protocol for a randomised controlled trial. Trials 2015;16:337.

16.	Inoue K. Managing adverse effects of glaucoma medications. 
Clin Ophthalmol 2014;8:903-13.

17.	Detry-Morel M. Side effects of glaucoma medications. Bull Soc 
Belge Ophtalmol 2006;299:27-40.

18.	Beckers HJ, Schouten JS, Webers CA, van der Valk R, Hendrikse F. 
Side effects of commonly used glaucoma medications: 
Comparison of tolerability, chance of discontinuation, and 
patient satisfaction. Graefes Arch Clin Exp Ophthalmol 
2008;246:1485-90.

19.	Sharaawy T, Bhartiya S. Surgical management of glaucoma: 
Evolving paradigms. Indian J Ophthalmol 2011;59 Suppl: 
S123-30.

20.	Morgan WH, Yu DY. Surgical management of glaucoma: A 
review. Clin Exp Ophthalmol 2012;40:388-99.

21.	Ramakrishnan R, Khurana M. Surgical management of 
glaucoma: An Indian perspective. Indian J Ophthalmol 
2011;59 Suppl: S118-22.

22.	Fia M. Repeated surgical interventions in glaucoma. Oftalmol 
Zh 1974;29:52-5.

23.	Goldberg I. Management of uncontrolled glaucoma with the 
Molteno system. Aust N Z J Ophthalmol 1987;15:97-107.

24.	Patelska B, Greenfield DS, Liebmann JM, Wand M, 
Kushnick  H, Ritch R. Latanoprost for uncontrolled glaucoma 
in a compassionate case protocol. Am J Ophthalmol 1997; 
124:279-86.

25.	Noureddin BN, Wilson-Holt N, Lavin M, Jeffrey M, 
Hitchings RA. Advanced uncontrolled glaucoma. Nd: YAG 
cyclophotocoagulation or tube surgery. Ophthalmology 1992; 
99:430-6.

26.	Garway-Heath DF. Early diagnosis in glaucoma. Prog Brain Res 
2008;173:47-57.

27.	Rosenberg LF. Glaucoma: Early detection and therapy for 
prevention of vision loss. Am Fam Physician 1995;52:2289-98, 
2303-4.

28.	Tatham AJ, Weinreb RN, Medeiros FA. Strategies for improving 
early detection of glaucoma: The combined structure-function 
index. Clin Ophthalmol 2014;8:611-21.

29.	Michelson G, Wärntges S, Hornegger J, Lausen B. The papilla 
as screening parameter for early diagnosis of glaucoma. Dtsch 
Arztebl Int 2008;105:583-9.

30.	Faigen M. The early detection of glaucoma in general practice. 
Aust Fam Physician 2000;29:282-5.

31.	Baudouin C, Liang H. Vaccine for glaucoma, myth or reality? J 
Fr Ophtalmol 2006;29 Spec No 2:9-12.

32.	Gupta SK, Niranjan D G, Agrawal SS, Srivastava S, Saxena R. 
Recent advances in pharmacotherapy of glaucoma. Indian J 
Pharmacol 2008;40:197-208.

33.	Plotkin S. History of vaccination. Proc Natl Acad Sci U S A 
2014;111:12283-7.

34.	Graham BS, Ledgerwood JE, Nabel GJ. Vaccine development 
in the twenty-first century: Changing paradigms for elusive 
viruses. Clin Pharmacol Ther 2009;86:234-6.

35.	Hajj Hussein I, Chams N, Chams S, El Sayegh S, Badran R, 
Raad M, et al. Vaccines through centuries: Major cornerstones 
of global health. Front Public Health 2015;3:269.

36.	Rappuoli R, Pizza M, Del Giudice G, De Gregorio E. Vaccines, 
new opportunities for a new society. Proc Natl Acad Sci U S A 
2014;111:12288-93.



Vaccine development for glaucoma: From skepticism to certitude� Qadri, et al.

Clinical and Experimental Vision and Eye Research  ●  Vol. 2:2  ●  Jul-Dec 2019� 29

37.	Bachmann MF, Jennings GT. Therapeutic vaccines for chronic 
diseases: Successes and technical challenges. Philos Trans R Soc 
Lond B Biol Sci 2011;366:2815-22.

38.	Available from: https://www.iowabio.org/documents/filelibrary/
documents/ghost_page_documents/ChronicDiseaseVaccine_ 
064C903FE8AA2.pdf. [Last accessed on 2019 Nov 30].

39.	Chackerian B, Frietze KM. Moving towards a new class of 
vaccines for non-infectious chronic diseases. Expert Rev 
Vaccines 2016;15:561-3.

40.	Butterfield LH. Cancer vaccines. BMJ 2015;350:h988.
41.	Thomas S, Prendergast GC. Cancer vaccines: A brief overview. 

Methods Mol Biol 2016;1403:755-61.
42.	Guo C, Manjili MH, Subjeck JR, Sarkar D, Fisher PB, Wang XY. 

Therapeutic cancer vaccines: Past, present, and future. Adv 
Cancer Res 2013;119:421-75.

43.	Kudrin A. Overview of cancer vaccines: Considerations for 
development. Hum Vaccin Immunother 2012;8:1335-53.

44.	Palucka K, Ueno H, Banchereau J. Recent developments in 
cancer vaccines. J Immunol 2011;186:1325-31.

45.	Zhang X, Sharma PK, Peter Goedegebuure S, Gillanders WE. 
Personalized cancer vaccines: Targeting the cancer mutanome. 
Vaccine 2017;35:1094-100.

46.	Schori H, Kipnis J, Yoles E, WoldeMussie E, Ruiz G, Wheeler LA, 
et al. Vaccination for protection of retinal ganglion cells against 
death from glutamate cytotoxicity and ocular hypertension: 
Implications for glaucoma. Proc Natl Acad Sci U S A 
2001;98:3398-403.

47.	Schori H, Kipnis J, Yoles E, WoldeMussie E, Ruiz G, Wheeler LA, 
et al. Vaccination for protection of retinal ganglion cells against 
death from glutamate cytotoxicity and ocular hypertension: 
Implications for glaucoma. Proc Natl Acad Sci U S A 
2001;98:3398-403.

48.	Schwartz M. Modulating the immune system: A  vaccine for 
glaucoma? Can J Ophthalmol 2007;42:439-41.

49.	Schwartz M. Vaccination for glaucoma: Dream or reality? Brain 
Res Bull 2004;62:481-4.

50.	Bakalash S, Kessler A, Mizrahi T, Nussenblatt R, Schwartz M. 
Antigenic specificity of immunoprotective therapeutic 
vaccination for glaucoma. Invest Ophthalmol Vis Sci 
2003;44:3374-81.

51.	Cruz Y, Suárez-Meade P, Ibarra A. Immunization with Cop-1 
promotes neuroprotection and neurogenesis after ischemic 
stroke. Neural Regen Res 2015;10:1733-4.

52.	Williams PA, Marsh-Armstrong N, Howell GR, Lasker/IRRF 
Initiative on Astrocytes and Glaucomatous Neurodegeneration 
Participants. Neuroinflammation in glaucoma: A  new 
opportunity. Exp Eye Res 2017;157:20-7.

53.	Soto I, Howell GR. The complex role of neuroinflammation in 
glaucoma. Cold Spring Harb Perspect Med 2014;4:a017269.

54.	Mac Nair CE, Nickells RW. Neuroinflammation in glaucoma and 
optic nerve damage. Prog Mol Biol Transl Sci 2015;134:343-63.

55.	Faiq MA. Vision restoration in glaucoma: Nihilism and 
optimism at the crossroads. Oman J Ophthalmol 2016;9:123-4.

56.	Dada T, Mittal D, Mohanty K, Faiq MA, Bhat MA, Yadav RK, et al. 
Mindfulness meditation reduces intraocular pressure, lowers 
stress biomarkers and modulates gene expression in glaucoma: 
A randomized controlled trial. J Glaucoma 2018;27:1061-7.

57.	Faiq MA. The dark matter of vision: In search of a grand unifying 
theory for glaucoma. Oman J Ophthalmol 2018;11:101-2.

58.	Sabel BA, Wang J, Cárdenas-Morales L, Faiq M, Heim C. Mental 

stress as consequence and cause of vision loss: The dawn of 
psychosomatic ophthalmology for preventive and personalized 
medicine. EPMA J 2018;9:133-60.

59.	Grzybowski M, Welch RD, Parsons L, Ndumele CE, Chen E, 
Zalenski R, et al. The association between white blood cell count 
and acute myocardial infarction in-hospital mortality: Findings 
from the national registry of myocardial infarction. Acad Emerg 
Med 2004;11:1049-60.

60.	Núñez J, Fácila L, Llàcer A, Sanchís J, Bodí V, Bertomeu V, et al. 
Prognostic value of white blood cell count in acute myocardial 
infarction: Long-term mortality. Rev Esp Cardiol 2005;58:631-9.

61.	Shim W, Mehta A, Lim SY, Zhang G, Lim CH, Chua T, et al. 
G-CSF for stem cell therapy in acute myocardial infarction: 
Friend or foe? Cardiovasc Res 2011;89:20-30.

62.	Ince H, Petzsch M, Rehders TC, Dunkelmann S, Nienaber CA. 
G-CSF in acute myocardial infarction experimental and clinical 
findings. Anadolu Kardiyol Derg 2006;6:261-3.

63.	Harada M, Qin Y, Takano H, Minamino T, Zou Y, Toko H, et al. 
G-CSF prevents cardiac remodeling after myocardial infarction 
by activating the Jak-Stat pathway in cardiomyocytes. Nat Med 
2005;11:305-11.

64.	Anzai A, Choi JL, He S, Fenn AM, Nairz M, Rattik S, 
et  al. The infarcted myocardium solicits GM-CSF for the 
detrimental oversupply of inflammatory leukocytes. J Exp Med 
2017;214:3293-310.

65.	Maekawa Y, Anzai T, Yoshikawa T, Sugano Y, Mahara K, 
Kohno  T, et al. Effect of granulocyte-macrophage colony-
stimulating factor inducer on left ventricular remodeling after 
acute myocardial infarction. J Am Coll Cardiol 2004;44:1510-20.

66.	Abdel-Latif A, Bolli R, Zuba-Surma EK, Tleyjeh IM, 
Hornung CA, Dawn B. Granulocyte colony-stimulating factor 
therapy for cardiac repair after acute myocardial infarction: 
A systematic review and meta-analysis of randomized controlled 
trials. Am Heart J 2008;156:216-26.

67.	Khor CC, Do T, Jia H, Nakano M, George R, Abu-Amero  K, 
et al. Genome-wide association study identifies five new 
susceptibility loci for primary angle closure glaucoma. Nat 
Genet 2016;48:556-62.

68.	Faiq MA, Dada R, Qadri R, Dada T. CYP1B1-mediated 
pathobiology of primary congenital glaucoma. J Curr Glaucoma 
Pract 2015;9:77-80.

69.	Faiq MA, Dada R, Sharma R, Saluja D, Dada T. CYP1B1: 
A  unique gene with unique characteristics. Curr Drug Metab 
2014;15:893-914.

70.	Faiq MA, Ali M, Dada T, Dada R, Saluja D. A novel methodology 
for enhanced and consistent heterologous expression of 
unmodified human cytochrome P450 1B1 (CYP1B1). PLoS One 
2014;9:e110473.

71.	Faiq M, Sharma R, Dada R, Mohanty K, Saluja D, Dada  T. 
Genetic, biochemical and clinical insights into primary 
congenital glaucoma. J Curr Glaucoma Pract 2013;7:66-84.

72.	Faiq M, Mohanty K, Dada R, Dada T. Molecular diagnostics 
and genetic counseling in primary congenital glaucoma. J Curr 
Glaucoma Pract 2013;7:25-35.

73.	Kumar M, Tanwar M, Faiq MA, Pani J, Shamsi MB, Dada T, et al. 
Mitochondrial DNA nucleotide changes in primary congenital 
glaucoma patients. Mol Vis 2013;19:220-30.

74.	Martin KR, Klein RL, Quigley HA. Gene delivery to the eye 
using adeno-associated viral vectors. Methods 2002;28:267-75.

75.	Ratican SE, Osborne A, Martin KR. Progress in gene therapy 



Qadri, et al. � Vaccine development for glaucoma: From skepticism to certitude

30� Clinical and Experimental Vision and Eye Research  ●  Vol. 2:2  ●  Jul-Dec 2019

to prevent retinal ganglion cell loss in glaucoma and leber’s 
hereditary optic neuropathy. Neural Plast 2018;2018:7108948.

76.	Faiq MA, Dada R, Himanshu NS, Dada T. Construction of 
Comprehensive Genomic and Transcriptomic Architecture 
of Glaucoma in CYP1B1 and MYOC Knockouts of Primary 
Rat Trabecular Meshwork and Retinal Ganglion Cells Using 
CRISPR/Cas9 System. June 28th  to July 1st, 2017 Helsinki, 
Finland.

77.	Mookherjee S, Acharya M, Banerjee D, Bhattacharjee A, 
Ray K. Molecular basis for involvement of CYP1B1 in MYOC 
upregulation and its potential implication in glaucoma 
pathogenesis. PLoS One 2012;7:e45077.

78.	Hauswirth WW, Beaufrere L. Ocular gene therapy: Quo vadis? 
Invest Ophthalmol Vis Sci 2000;41:2821-6.

79.	Almasieh M, Wilson AM, Morquette B, Cueva Vargas JL, Di 
Polo A. The molecular basis of retinal ganglion cell death in 
glaucoma. Prog Retin Eye Res 2012;31:152-81.

80.	Nickells RW. Retinal ganglion cell death in glaucoma: The how, 
the why, and the maybe. J Glaucoma 1996;5:345-56.

81.	Quigley HA. Neuronal death in glaucoma. Prog Retin Eye Res 
1999;18:39-57.

82.	Quigley HA. Ganglion cell death in glaucoma: Pathology 
recapitulates ontogeny. Aust N Z J Ophthalmol 1995;23:85-91.

83.	Kuehn MH, Fingert JH, Kwon YH. Retinal ganglion cell death 
in glaucoma: Mechanisms and neuroprotective strategies. 
Ophthalmol Clin North Am 2005;18:383-95, vi.

84.	Osborne NN, Wood JP, Chidlow G, Bae JH, Melena J, Nash MS. 
Ganglion cell death in glaucoma: What do we really know? Br J 
Ophthalmol 1999;83:980-6.

85.	Morgan JE. Selective cell death in glaucoma: Does it really 
occur? Br J Ophthalmol 1994;78:875-9.

86.	Hasnain SS. Scleral edge, not optic disc or retina, is the 
primary site of injury in chronic glaucoma. Med Hypotheses 
2006;67:1320-5.

87.	Gupta N, Yücel YH. Glaucoma as a neurodegenerative disease. 
Curr Opin Ophthalmol 2007;18:110-4.

88.	Gupta N, Yücel YH. What changes can we expect in the brain of 
glaucoma patients? Surv Ophthalmol 2007;52 Suppl 2:S122-6.

89.	Faiq MA, Dada R, Kumar A, Saluja D, Dada T. Brain: The 
Potential Diagnostic and Therapeutic Target for Glaucoma. CNS 
Neurol Disord Drug Targets 2016;15:839-44.

90.	Wostyn P, Audenaert K, De Deyn PP. Alzheimer’s disease: 
Cerebral glaucoma? Med Hypotheses 2010;74:973-7.

91.	 Mancino R, Martucci A, Cesareo M, Giannini C, 
Corasaniti  MT, Bagetta G, et al. Glaucoma and Alzheimer 
disease: One age-related neurodegenerative disease of the 
brain. Curr Neuropharmacol 2018;16:971-7.

92.	 McKinnon SJ. Glaucoma: Ocular Alzheimer’s disease? Front 
Biosci 2003;8:s1140-56.

93.	 Tsolaki F, Gogaki E, Tiganita S, Skatharoudi C, Lopatatzidi C, 
Topouzis F, et al. Alzheimer’s disease and primary open-angle 
glaucoma: Is there a connection? Clin Ophthalmol 2011; 
5:887-90.

94.	 Coleman AL, Kodjebacheva G. Risk factors for glaucoma 
needing more attention. Open Ophthalmol J 2009;3:38-42.

95.	 Gruntenko NE, Rauschenbach IY. The role of insulin signalling 
in the endocrine stress response in Drosophila melanogaster: 
A mini-review. Gen Comp Endocrinol 2018;258:134-9.

96.	 Uchida Y, Takeshita K, Yamamoto K, Kikuchi R, Nakayama T, 
Nomura M, et al. Stress augments insulin resistance and 
prothrombotic state: Role of visceral adipose-derived monocyte 
chemoattractant protein-1. Diabetes 2012;61:1552-61.

97.	 Li L, Li X, Zhou W, Messina JL. Acute psychological stress 
results in the rapid development of insulin resistance. 
J Endocrinol 2013;217:175-84.

98.	 Faiq MA, Dada T. Diabetes Type  4: A  Paradigm shift in the 
understanding of glaucoma, the brain specific diabetes and the 
candidature of insulin as a therapeutic agent. Curr Mol Med 
2017;17:46-59.

99.	 Faiq MA, Dada R, Saluja D, Dada T. Glaucoma diabetes of the 
brain: A radical hypothesis about its nature and pathogenesis. 
Med Hypotheses 2014;82:535-46.

100.	Faiq MA, Dada T, Sengupta T, Nath M, Velpandian T, 
Chan KC. Role of central insulin resistance in glaucoma. Invest 
Ophthalmol Vis Sci 2019;60:682.

101.	Agostinone J, Alarcon-Martinez LL, Gamlin C, Yu WQ, 
Wong RO, Di Polo A. Insulin signalling promotes dendrite and 
synapse regeneration and restores circuit function after axonal 
injury. Brain 2018;141:1963-80.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images or other third party material in this article are 
included in the article’s Creative Commons license, unless indicated otherwise in the credit line; if the material is not included under the Creative 
Commons license, users will need to obtain permission from the license hol-der to reproduce the material. To view a copy of this license, visit 
http://creativecommons.org/licenses/by/4.0/ © Qadri R, Sofi RA, Sainulabdeen A, Pandit MA, Bhartiya S, Sharique M, Lone M, Mashook A, 
Faiq MA. 2019

How to cite this article: Qadri R, Sofi RA, Sainulabdeen A, 
Pandit MA, Bhartiya S, Sharique M, Lone M, Mashook A, 
Faiq MA. Vaccine development for glaucoma: From skepticism 
to certitude. Cli Exp Vis Eye Res J 2019;2(2):24-30.


