VEGEF refs- continuous list

Project purpose: To determine whether there is a correlation between isoforms of VEGF proteins,
corresponding blood vessel proliferation and possible optimization of monoclonal antibody/VEGF
trap drugs in treating Wet-AMD.

NOTE- the list below is not my official reference list, this is a compilation of references | used to build
background knowledge before beginning the project the section labelled “VEGF refs- Used refs” is
my official reference list.

[1]Wet Macular Degeneration: Symptoms & Treatment

[2]Understanding Macular Degeneration - American Academy of Ophthalmology
[3]What Is the Role of Ischemia in AMD? | Retinal Physician.
[4]JAMD REF- Exudative versus Nonexudative Age-Related Macular Degeneration: Physiopathology

and Treatment Options - PMC_- 3.2- use for wet AMD refs abt treatment with antiangiogenic drugs
[5]https://emedicine.medscape.com/article/1226030-treatment?form=fpf
[6]The heparin-binding domain confers diverse functions of VEGF-A in development and disease: a

structure-function study - PubMed.
[7]Heparin-Binding Domains in Vascular Biology - PMC

[8]Heparin and Heparan Sulfate: Analyzing Structure and Microheterogeneity - PMC

[9]Heparan sulphate and heparin interactions with proteins | Journal of The Royal Society Interface
[10]Disulfide structure of the heparin-binding domain in vascular endothelial growth factor:
characterization of posttranslational modifications in VEGF - PubMed

[11]Erontiers | Heparan Sulfate: A Ubiquitous Glycosaminoglycan with Multiple Roles in Immunity
[12]Heparan Sulfate Proteoglycans - PMC

[13]Comparison of Anti-VEGF Treatments for Wet AMD - American Academy of Ophthalmology
[14]Protein Isoform - an overview | ScienceDirect Topics “It is known that alternative splicing of

mRNA results in mRNA transcripts and proteins of different isoforms, and that different forms of
proteins may have drastically different properties as the protein structure as well as its domain
compositions may be directly or indirectly affected..”

[15]Plasmin - an overview | ScienceDirect Topics.

[16]VEGF-A mRNA processing, stability and translation: a paradigm for intricate regulation of gene
expression at the post-transcriptional level | Nucleic Acids Research | Oxford Academic

[17]New Insights into VEGF-A Alternative Splicing: Key Regulatory Switching in the Pathological
Process

[18]Targeting VEGF in eye neovascularization: What's new?: A comprehensive review on current

herapies and oligonucleotide- n ntions under lopment - ScienceDir

[19]Vascular Endothelial Growth Factor (VEGF) and Its Receptor (VEGFEFR) Signaling in
Angiogenesis: A Crucial Target for Anti- and Pro-Angiogenic Therapies - PMC


https://my.clevelandclinic.org/health/diseases/wet-macular-degeneration
https://www.aao.org/eye-health/diseases/amd-macular-degeneration
https://retinalphysician.com/issues/2012/april/what-is-the-role-of-ischemia-in-amd/#:~:text=These%20changes%20contribute%20to%20the,among%20the%20major%20pathologic%20mechanisms
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https://emedicine.medscape.com/article/1226030-treatment?form=fpf
https://pubmed.ncbi.nlm.nih.gov/19909247/
https://pubmed.ncbi.nlm.nih.gov/19909247/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4114236/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3755452/#:~:text=The%20average%20heparin%20disaccharide%20contains,heparan%20sulfate%20
https://royalsocietypublishing.org/doi/10.1098/rsif.2015.0589
https://pubmed.ncbi.nlm.nih.gov/9244387/
https://pubmed.ncbi.nlm.nih.gov/9244387/
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2013.00470/full
https://pmc.ncbi.nlm.nih.gov/articles/PMC3119907/
https://www.aao.org/eye-health/diseases/avastin-eylea-lucentis-difference
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/protein-isoform#:~:text=It%20is%20known%20that%20alternative,be%20directly%20or%20indirectly%20affected
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/isoform
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/plasmin#:~:text=Plasminogen%20and%20Plasmin,major%20extracellular%20protease%20in%20plasma
https://academic.oup.com/nar/article/41/17/7997/2411009
https://academic.oup.com/nar/article/41/17/7997/2411009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4224658/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4224658/
https://www.sciencedirect.com/science/article/pii/S1043661815002856#sec0005
https://www.sciencedirect.com/science/article/pii/S1043661815002856#sec0005
https://pmc.ncbi.nlm.nih.gov/articles/PMC3411125/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3411125/

[20]Isoform-specific expression of VEGF-B in normal tissues and tumours - PubMed

[21]Vascular Endothelial Growth Factor Receptor-2 and Neuropilin-1 Form a Receptor Complex That
Is Responsible for the Differential Signaling Potency of VEGF165 and VEGF121 - ScienceDirect

[22]VEGF121, a Vascular Endothelial Growth Factor (VEGF) Isoform Lacking Heparin Binding

Ability, Requires Cell-surface Heparan Sulfates for Efficient Binding to the VEGFE Receptors of
Human Melanoma Cells* - Journal of Biological Chemistry

[23]The vascular endothelial growth factor (VEGF) isoforms: differential deposition into the
subepithelial extracellular matrix and bioactivity of extracellular matrix-bound VEGF. | Molecular

Biology of the
Cell.

[24]The vascular endothelial growth factor (VEGF) family: angiogenic factors in health and disease |
Genome Biology | Full Text
[25] lar Endothelial Growth Factor (VEGF) and Its Role in Non-Endothelial Cells: Autocrin

Signalling by VEGF - Madame Curie Bioscience Database - NCBI Bookshelf
[26]The PDGF family: four gene products form five dimeric isoforms - PubMed
[27]VEGF111: new insights in tissue invasion - PMC

[28]Protein Degradation - The Cell - NCBI Bookshelf.
[29]7.19F: Proteolytic Degradation - Biology LibreTexts.

[30]What is RNA splicing?
[31]Biochemistry, Primary Protein Structure - StatPearls - NCBI Bookshelf.
[33]A_model for isoform-level differential expression analysis usin A- ta with

pre-specifying isoform structure - PMC.

[34]Mass Spectrometry-Based Protein Sequencing - Creative Proteomics

[35]Mass Spectrometer - StatPearls - NCBI Bookshelf

[36]Protein Mass Spectrometry

[37] mass spectrometry - How long does it take to run an MS/MS experiment - Chemistry Stack

Exchange
[38]R r AM thern Alberta Ma trometry Facilit mmin

Medicine | University of Calgary

[52]Mass spectrometry and amplification of VEGF by PGF.(a,b) Mass... | Download Scientific
Diagram

[39]Aflibercept - StatPearls - NCBI Bookshelf

[40]Zaltrap.

[41]Aflibercept in the treatment of patients with metastatic colorectal cancer: latest findings and
interpretations - PMC

[42]Brolucizumab - EyeWiki

[43]The Expanding Role of Vascular Endothelial Growth Factor Inhibitors in Ophthalmology - PMC
[44]What is mCNV? | LUCENTIS® (ranibizumab)

[45]Pegaptanib: Uses, Interactions, Mechanism of Action | DrugBank Online

[46]The carboxyl terminus of VEGF-A is a potential target for anti-angiogenic therapy - PMC
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https://www.jbc.org/article/S0021-9258(17)50204-5/fulltext
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https://genomebiology.biomedcentral.com/articles/10.1186/gb-2005-6-2-209#:~:text=Since%20its%20discovery%20in%201983,it%20is%20essential%20for%20embryonic
https://genomebiology.biomedcentral.com/articles/10.1186/gb-2005-6-2-209#:~:text=Since%20its%20discovery%20in%201983,it%20is%20essential%20for%20embryonic
https://www.ncbi.nlm.nih.gov/books/NBK6482/
https://www.ncbi.nlm.nih.gov/books/NBK6482/
https://pubmed.ncbi.nlm.nih.gov/15207811/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4302830/
https://www.ncbi.nlm.nih.gov/books/NBK9957/#:~:text=Proteins%20are%20marked%20for%20degradation,protease%20complex%2C%20called%20the%20proteasome
https://bio.libretexts.org/Bookshelves/Microbiology/Microbiology_(Boundless)/07%3A_Microbial_Genetics/7.19%3A_RNA-Based_Regulation/7.19F%3A__Proteolytic_Degradation#:~:text=Proteolytic%20degradation%20is%20necessary%20in,for%20metabolic%20and%20cellular%20homeostasis
https://www.yourgenome.org/theme/what-is-rna-splicing/#:~:text=During%20splicing%2C%20coding%2Dregions%20of,correct%20protein%20cannot%20be%20formed
https://www.ncbi.nlm.nih.gov/books/NBK564343/#:~:text=Each%20amino%20acid%20is%20linked,terminus%20(C%2Dterminus)
https://pmc.ncbi.nlm.nih.gov/articles/PMC9109925/#:~:text=Popular%20tools%20for%20differential%20expression,its%20length%20over%20all%20isoforms
https://pmc.ncbi.nlm.nih.gov/articles/PMC9109925/#:~:text=Popular%20tools%20for%20differential%20expression,its%20length%20over%20all%20isoforms
https://www.creative-proteomics.com/proteinseq/mass-spectrometry-based-protein-sequencing.htm
https://www.ncbi.nlm.nih.gov/books/NBK589702/#:~:text=Mass%20spectrometers%20convert%20molecules%20into,%5B12%5D
https://www.sigmaaldrich.com/CA/en/applications/protein-biology/protein-mass-spectrometry
https://chemistry.stackexchange.com/questions/402/how-long-does-it-take-to-run-an-ms-ms-experiment
https://chemistry.stackexchange.com/questions/402/how-long-does-it-take-to-run-an-ms-ms-experiment
https://cumming.ucalgary.ca/cat/sams/resources
https://cumming.ucalgary.ca/cat/sams/resources
https://www.researchgate.net/figure/Mass-spectrometry-and-amplification-of-VEGF-by-PGFa-b-Mass-spectrometry-analysis-of_fig1_10716412
https://www.researchgate.net/figure/Mass-spectrometry-and-amplification-of-VEGF-by-PGFa-b-Mass-spectrometry-analysis-of_fig1_10716412
https://www.ncbi.nlm.nih.gov/books/NBK582136/#:~:text=It%20is%20in%20the%20vascular,for%20angiogenesis%20and%20vascular%20leakage
https://www.zaltrap.com/#:~:text=You%20or%20a%20loved%20one,colorectal%20cancer%20that%20has%20spread
https://pmc.ncbi.nlm.nih.gov/articles/PMC3808572/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3808572/
https://eyewiki.org/Brolucizumab
https://pmc.ncbi.nlm.nih.gov/articles/PMC3498409/
https://www.lucentis.com/patient/mcnv/about/what-is-mcnv.html
https://go.drugbank.com/drugs/DB04895
https://pmc.ncbi.nlm.nih.gov/articles/PMC4280485/

[48]https://www.health.tas.gov.au/health-topics/eyes-and-vision-ophthalmology/common-eye-disorde
rsn

[49] 121 tumorigenesis- The 121 amino acid isoform of vascular endothelial growth factor is more
strongly tumorigenic than other splice variants in vivo - PubMed

[50]189 tumorigenesis- Uni roperties of 1 mino acid isoform of lar endothelial gr

factor in tumorigenesis - PubMed

Click on the image to zoom

[51]Pigment Epithelial Detachment - EyeWiki

[52]Monoclonal Antibodies (MABs)

[53]Monoclonal Antibodies: Definition & How Treatment Works

[54]Recent advances in anti-angiogenic inhibitors targeting VEGF/VEGFR axis - PMC
[55]https://pmc.ncbi.nlm.nih.gov/articles/PMC8910030/table/ijms-23-02592-t002/ Drug table from
ref 4

[56]Tyrosine kinase — Role and significance in Cancer - PMC. This is the reference for when you're
writing about VEGF receptors.

[57]VEGFR-1 and VEGFR-2: two non-identical twins with a unique physiognomy - PMC.
[58]New prospects in the roles of the C-terminal domains of VEGF-A and their cooperation for
ligand binding, cellular signalling and vessel formation - PubMed

[S9]VEGEF-A splice variants bind VEGFRs with differential affinities - PMC
[60]The physiological and pathological functions of VEGFR3 in cardiac and lymphatic development

and related diseases

[61]Molecular Pharmacology of VEGF-A Isoforms: Binding and Signalling at VEGFR2 - PMC.
[62]Direct measurements of VEGF-VEGFR2 binding affinities reveal the coupling between ligand
binding and receptor dimerization - PMC.

[63]Mechanisms of activation of receptor tyrosine kinases: monomers or dimers - PubMed.
[64]CDD Conserved Protein Domain Family: Ig VEGFR

Rewritten priority checklist

[J 1) Study the mAbs and their characteristics alone, applications, structure, function, etc for all.

[J 2) Study the characteristics of Aflibercept as a receptor decoy and study the recombinant
activity.
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https://eyewiki.org/Pigment_Epithelial_Detachment
https://www.cancerresearchuk.org/about-cancer/treatment/targeted-cancer-drugs/types/monoclonal-antibodies
https://my.clevelandclinic.org/health/treatments/22246-monoclonal-antibodies
https://pmc.ncbi.nlm.nih.gov/articles/PMC10794590/#:~:text=Pegaptanib%20is%20a%20pegylated%20polynucleotide,Zhou%20and%20Wang%2C%202006
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https://pubmed.ncbi.nlm.nih.gov/24758840/#:~:text=An%20increasing%20number%20of%20diverse,dimers%20prior%20to%20ligand%20binding
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=143270

[J 6) Consecutively study the characteristics of Aflibercept as a receptor decoy and mAbs
concerning the VEGF isoforms and the recombinant activity of the receptor decoy Aflibercept
and mAbs.

[J 7) Compare characteristics of isoforms to the binding capabilities of the mabs, bevacizumab
(Avastin), and Ramucirumab (Cyramza), Brolucizumab (Beovu), Ranibizumab (Lucentis) and
Aflibercept (Zaltrap). And study how vessels produced by different isoforms result in
differentiated blood vessels with different side effects

[J 8) Study the process of mass spectrometry full-length protein sequencing (cost, viability, risk
control, Intravitreal injections for sample collecting, 5 Ws). (Diagram or 3D model or
prototype for CYSF board??).

[J 9)Medical applications of Wet-AMD isoform categorization treatment through mass
spectrometry

Unordered project checklist
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EMAIL-

My project aims to categorize the various VEGF isoforms, their characteristics, and their angiogenic
potential for optimal treatment in W-AMD using monoclonal antibodies that target VEGF proteins.
My project centers around Wet- AMD (Wet- Age-Related Macular Degeneration) which is a disease
characterized by neovascularization in the eye near the macula. This abnormal blood vessel growth is
generally weaker than other blood vessels and has a high likelihood of leaking proteins causing harm
and degradation to the macula, lowering visual acuity and causing blindness The drugs I will be
looking at are still not yet fully decided but I have a couple of options, at most 3 or 4. Brolucizumab,
Bevacizumab, ramucirumab, and ranibizumab, are monoclonal antibodies that inhibit or bind to
VEGF (A or B depending on the drug). Aflibercept, also called VEGF-trap, is a soluble decoy
receptor, different from the mABs in its composition and treatment capabilities. VEGF (Vascular
endothelial growth factor) is a primary protein for the production of blood in vessels. These drugs
were originally prominent in cancer research, known for their capabilities in stripping tumours of
their nutrient sources by inhibiting blood vessel growth and shrinking tumours. Most of these drugs
are still oft-label for use in ophthalmology. But, the issue here is not the drugs, but the VEGF protein.
In many proteins, in their production from Pre-MRNA to proteins, they undergo a process called
RNA splicing or a similar process called alternative splicing. Alternative splicing is when isoforms of
the same protein will be produced because certain exons are skipped in the genetic code. Each exon
codes for a different characteristic of the protein, so missing characteristics/exons will code for
proteins that produce blood vessels that have varying qualities. For example, the only freely soluble
non-heparin binding isoforms of VEGF are VEGF-121 and VEGF-111, both of which are missing
their 6a and 6b exons. These exons code for the highly basic HBD, (Heparin-binding domain). This
part of the protein allows the blood vessels produced not to clot by binding to heparin-sulfate, a
natural anticoagulant with other features (present in most eukaryotic cells); it also allows them to bind
to the coreceptor Nrp-1. Alternative splicing causes these exons to be skipped, and the resulting blood
vessels lack these basic characteristics that are essential for their purpose. (Blood vessels produced by
VEGF-121/111 generally are weaker and more prone to blood clots and have a higher likelihood of
leaking because of their inability to bind to heparan-sulfate). In summary, my project will take the
characteristics of drugs and their compositions and treatment abilities and match them to
corresponding isoforms for optimal treatment enhancement with the goal of retinal iris



neovascularization regression. Anyway, there's a lot more work to do regarding the actual process of
doing this using mass spectrometry protein sequencing that I still have to read about and add to this
project.

DETAILED UNFINISHED PROJECT DESCRIPTION

My project centers around AMD (Age-Related Macular Degeneration), a disease normally affected or
caused by aging. For my project, I'll be focusing on wet- AMD, which is a type of AMD associated
with abnormal CNVM (Choroidal neovascularization membranes aka new blood vessel growth) near
the fundus (back inner corner of the eye which includes the fovea, retina and optic nerve, and most
notably the macula) The Macula is a sensitive part of the eye that sharpens vision. When abnormal
neovascularization occurs, the blood vessels that come from this can be weak and underdeveloped in
the small space of the eye, causing them to break and leak harmful proteins. This damages the
macula, lowering visual acuity, and eventually causing blindness. A more recently modernized form
of common AMD treatment is anti-angiogenic drugs called monoclonal antibodies, predominantly
created for cancer treatment but popularized for off-label use in ophthalmology. They treat cancer by
inhibiting the blood vessels that feed the tumour by targeting the proteins and receptors that cause the
proliferation. Without them, the tumour cannot receive proteins from the signals it sends to create
proteins. This causes it to starve and shrink. In ophthalmology, mAbs have been used to inhibit the
oncoming growth of blood vessels and prohibit further growth in patients with DME or w-AMD.
Some of these monoclonal antibodies that I will be observing for this project are 1- Bevacizumab
(Avastin). 2- Ramucirumab (Cyramza). 3- Ranibizumab (Lucentis). 4- Brolucizumab (Beovu). 5-
Aflibercept (Eylea, Zaltrap) (Not a mAb, but a receptor decoy, (included in this project for
comparative reasons)). Bevacizumab is a full-length antibody.... Ramucirumab is....

Ranibizumab.... Brolucizumab.... Aflibercept....

Feedback

Areas to focus on Ideas

VEGEF Isoform Categorization: - highlighted the importance of VEGF isoform differences, such as
the absence of exons 6a and 6b, and their impact on blood vessel characteristics. Expanding this with
a more detailed comparison of each isoform’s structural properties and its angiogenic potential will



strengthen the foundation of your project. Perhaps consider creating a visual diagram to map
isoforms to their corresponding functions, particularly in the eye.

Monoclonal Antibodies & Isoform Specificity: You're already considering drugs like Bevacizumab,
Ranibizumab, and Aflibercept, each with varying affinities for different VEGF proteins (e.g., A or B).
It would be helpful to explore whether specific mABs more effectively target certain isoforms and
whether the clinical outcomes observed in Wet-AMD patients could be correlated with isoform
prevalence in their condition.

Clinical Context and Off-Label Use: The oft-label use of some cancer-related VEGF inhibitors in
ophthalmology is intriguing. Comparing outcomes in off-label versus on-label usage highlights how
these treatments could be optimized for Wet-AMD based on isoform presence.

Protein Sequencing & Mass Spectrometry: Your plan to utilize mass spectrometry for VEGF
protein sequencing is an excellent approach to identifying and quantifying the isoforms. Since this is
a complex process, it might help specify how you'll ensure accuracy and address potential challenges
in distinguishing between isoforms with subtle differences in structure.

Personalized Medicine Implications: Your project emphasizes precision medicine by tailoring
treatments based on VEGF isoforms. A brief section on potential applications in ophthalmology and
beyond (e.g., cancer or other diseases where VEGF is key) could make your project more
forward-looking.

Feedback response

1) Isoform visual diagram with corresponding vessel characteristics list in proliferation has been
added to the list of items and topics on the poster board.

2) Mass spectrometry research soon determines how I will specify accuracy and potential
challenges.

Title drafts

e Ultilization of mass spectrometry to categorize VEGF isoforms to corresponding drugs to
optimize treatment in wet AMD (Age-related macular degeneration)



e How do VEGEF protein isoform development and identification through mass spectrometry
impact drug variation in prognosis for Wet AMD?

My project is a research study that aims to determine whether there is a connection between the
production of specific VEGF isoforms/ the VEGF proteins that proliferate as a result of that and the
specialization of effective treatment (Eg- monoclonal antibodies) in wet age-related macular
degeneration. Wet AMD is an ocular disease caused by weak blood vessel proliferation that breaks
and leaks onto the macula of an eye, often causing vision loss. This project focuses on utilizing mass
spectrometry and protein sequencing to identify isoforms and investigate the differences in
characteristics between blood vessels composed of different isoforms. For example, 2 different blood
vessels in 2 different patients will proliferate, both resulting in a Wet-AMD diagnosis. Blood vessels
in the first patient could be composed of the isoform VEGF-121, and blood vessels in the second
could be composed of VEGF-165. My project attempts to determine whether the variation between
isoforms causes differences in presentation, and how mass spectrometry can optimize treatment that
responds best to the isoforms found, due to the varying characteristics of blood vessels that may
require different treatments to ensure success. No experiment will be conducted as this is mainly a
study with some aspects of innovation regarding optimizing mass spectrometry and RNA-seq for
determining isoforms and the structure, functionality and applications of a mass spectrometer in this
case.

For now, the plan is to acquire and analyze preexisting mass spectrometry and protein-seq data to
highlight the differences between the isoforms of VEGF and how protein structure can impact blood
vessel characteristics. This can result in varying presentations and symptoms in Wet-AMD, which can
allow for treatment optimization.

Section list- research

223 VEGH-266
224=—VEGH-189
225 VEGHEHS
226 VEGH183
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M 3A—Pharmaecolosteatreatmentstor- WetAMD
M 33--BrotuciamabtBeovi
B 3-5—Aflibereept{Zattrap Eyien)

Work dates: log of every day I worked on the project

Oct 15, 2024, Oct 30, 2024, Oct 31, 2024, Nov 4, 2024, Nov 5, 2024, Nov 6, 2024, Nov 7, 2024, Nov
10, 2024, Nov 11, 2024, Nov 12, 2024, Nov 13, 2024, Nov 14, 2024, Nov 15, 2024, Nov 18, 2024,
Nov 19, 2024, Nov 22, 2024, Nov 23, 2024, Nov 25, 2024, Nov 26, 2024, Nov 28, 2024, Dec 1,
2024, Dec 5, 2024, Dec 6, 2024, Dec 7, 2024, Dec 8, 2024, Dec 10, 2024, Dec 14, 2024, Dec 15,
2024, Jan 2, 2025, Jan 26, 2025, Jan 26, 2025, Jan 27, 2025, Jan 30, 2025, Jan 31, 2025 (this was later
continued in the other document)

This research study investigates the utilization of mass spectrometry protein sequencing
and its possible applications in optimizing intraocular treatment for nAMD. It delves into
how protein isoforms in blood vessels that leak onto the macula and degrade visual acuity
can be biomarkers for differing presentations in nAMD. Certain isoforms can vary in
characteristics due to missing parts of the genetic code, which can translate to blood
vessels with differentiation. Anti-VEGF (usually administered IVT) can be altered or
optimized to target isoforms with high specificity, which has shown benefits in lowering
treatment burden and lowering side effects for patients. Another aspect this research
project observes is the identification of anti vs pro-angiogenic isoforms and how those can
be strategically inhibited through identification for optimization. This research strives to
enhance understanding of the impact of biological and physiological markers in nAMD and
attempts to understand how current issues within ocular research can be addressed
through personalized treatment.

VEGF refs- Used refs

[1]Wet Macular Degeneration: Symptoms & Treatment
[2]Understanding Macular Degeneration - American Academy of Ophthalmology
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[3]JAMD REF- Exudative versus Nonexudative Age-Related Macular Degeneration: Physiopathology

and Treatment Options - PMC_- 3.2- use for wet AMD refs abt treatment with antiangiogenic drugs
[4]What Is the Role of Ischemia in AMD? | Retinal Physician.

[5]https://emedicine.medscape.com/article/1226030-treatment?form=fpf

[6]Comparison of Anti-VEGFE Treatments for AMD - American A my of Ophthalmol
[7IVEGE-A mRNA processing, stability and translation: a paradigm for intricate regulation of gene
expression at the post-transcriptional level | Nucleic Acids Research | Oxford Academic
[8]Targeting VEGF in eye neovascularization: What's new?: A comprehensive review on current
therapies and oligonucleotide-based interventions under development - ScienceDirect - ref 8 opened
[9]What Is Eylea? - American Academy of Ophthalmology

[10]Zaltrap.

[11]Aflibercept in the treatment of patients with metastatic colorectal cancer: latest findings and
interpretations - PMC

[12]Brolucizumab - EyeWiki

[13]The Expanding Role of Vascular Endothelial Growth Factor Inhibitors in Ophthalmology - PMC
- article highlights

[14]What is mCNV? | LUCENTIS® (ranibizumab)

[15]Pegaptanib: Uses, Interactions, Mechanism of Action | DrugBank Online

[16]Pigment Epithelial Detachment - EyeWiki
[17]Monoclonal Antibodies (MABs)
[18]Monoclonal Antibodies: Definition & How Treatment

[19]Recent advances in anti-angiogenic inhibitors targeting VEGFE/VEGFR axis - PMC

[20]Tyrosine kinase — Role and significance in Cancer - PMC. This is the reference for when you're
writing about VEGF receptors.

[21]VEGFR-1 and VEGFR-2: two non-identical twins with a unique physiognomy - PMC.

[22]New prospects in the roles of the C-terminal domains of VEGF-A and their cooperation for
ligand binding, cellular signalling and vessel formation - PubMed - ref 22 opened
[23]VEGE-A splice variants bind VEGFRs with differential affinities - PM

[24]The physiological and pathological functions of VEGFR3 in cardiac and lymphatic development
and related diseases

[25]Molecular Pharmacology of VEGF-A Isoforms: Binding and Signalling at VEGFR2 - PMC.
[26]Direct measurements of VEGF-VEGFR2 binding affinities reveal the coupling between ligand

binding and receptor dimerization - PMC.
[27]The role of VEGF receptors in angiogenesis; complex partnerships - PMC go through thoroughly

at home- ref 28 opened
[28]Vascular Endothelial Growth Factor (VEGF) and Its R tor (VEGFR) Signaling in

Angiogenesis: A Crucial Target for Anti- and Pro-Angiogenic Therapies - PMC
[29]The Carboxyl-terminal Domain(111-165) of Vascular Endothelial Growth Factor Is Critical for

Its Mitogenic Potency - ScienceDirect



https://pmc.ncbi.nlm.nih.gov/articles/PMC8910030/#B37-ijms-23-02592
https://pmc.ncbi.nlm.nih.gov/articles/PMC8910030/#B37-ijms-23-02592
https://retinalphysician.com/issues/2012/april/what-is-the-role-of-ischemia-in-amd/#:~:text=These%20changes%20contribute%20to%20the,among%20the%20major%20pathologic%20mechanisms
https://emedicine.medscape.com/article/1226030-treatment?form=fpf
https://www.aao.org/eye-health/diseases/avastin-eylea-lucentis-difference
https://academic.oup.com/nar/article/41/17/7997/2411009
https://academic.oup.com/nar/article/41/17/7997/2411009
https://www.sciencedirect.com/science/article/pii/S1043661815002856#sec0005
https://www.sciencedirect.com/science/article/pii/S1043661815002856#sec0005
https://www.aao.org/eye-health/drugs/what-is-eylea
https://www.zaltrap.com/#:~:text=You%20or%20a%20loved%20one,colorectal%20cancer%20that%20has%20spread
https://pmc.ncbi.nlm.nih.gov/articles/PMC3808572/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3808572/
https://eyewiki.org/Brolucizumab
https://pmc.ncbi.nlm.nih.gov/articles/PMC3498409/
https://www.lucentis.com/patient/mcnv/about/what-is-mcnv.html
https://go.drugbank.com/drugs/DB04895
https://eyewiki.org/Pigment_Epithelial_Detachment
https://www.cancerresearchuk.org/about-cancer/treatment/targeted-cancer-drugs/types/monoclonal-antibodies
https://my.clevelandclinic.org/health/treatments/22246-monoclonal-antibodies
https://pmc.ncbi.nlm.nih.gov/articles/PMC10794590/#:~:text=Pegaptanib%20is%20a%20pegylated%20polynucleotide,Zhou%20and%20Wang%2C%202006
https://pmc.ncbi.nlm.nih.gov/articles/PMC1074718/#:~:text=Tyrosine%20kinases%20are%20important%20mediators%20of%20this%20signal%20transduction%20process,in%20target%20proteins%2C%20using%20ATP
https://pmc.ncbi.nlm.nih.gov/articles/PMC1360224/#:~:text=VEGFR%2D1%20is%20a%20kinase%2Dimpaired%20RTK%2C%20and%20may,responses%20(8%2C46)
https://pubmed.ncbi.nlm.nih.gov/23254820/
https://pubmed.ncbi.nlm.nih.gov/23254820/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7468149/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8262640/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8262640/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5979509/#:~:text=To%20date%2016%20distinct%20VEGFA,(PTR)%20%5B56%5D
https://pmc.ncbi.nlm.nih.gov/articles/PMC6556587/#:~:text=The%20ligands%20that%20bind%20VEGFR2,the%20most%20potent%20angiogenic%20agent
https://pmc.ncbi.nlm.nih.gov/articles/PMC6556587/#:~:text=The%20ligands%20that%20bind%20VEGFR2,the%20most%20potent%20angiogenic%20agent
https://pmc.ncbi.nlm.nih.gov/articles/PMC2773843/#CR36
https://pmc.ncbi.nlm.nih.gov/articles/PMC3411125/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3411125/
https://www.sciencedirect.com/science/article/pii/S0021925817451933
https://www.sciencedirect.com/science/article/pii/S0021925817451933

[30]Vascular Endothelial Growth Factor Receptor-2 and Neuropilin-1 Form a Receptor Complex That
Is Responsible for the Differential Signaling Potency of VEGF165 and VEGF121 - ScienceDirect ref

30 opened
[31]Heparin-Binding Domains in Vascular Biology - PMC
[32]Th d 1lar endo hhl grow h f or EGF fmll .

Genome Biology | Full Text

[33]The pathophysiologic role of VEGF in hematologic malignancies: therapeutic implications
Blood

[34]The splice variants of vascular endothelial growth factor (VEGF) and their receptors - PubMed
[35[The heparin-binding domain confers diverse functions of VEGF-A in development and disease: a
structure-function study - PubMed

[36]VEGF145, a Secreted Vascular Endothelial Growth Factor Isoform That Binds to Extracellular
Matrix - ScienceDirect

[37]1VEGF121b and VEGF165b are weakly angiogenic isoforms of VEGE-A | Molecular Cancer

Full Text

[38]VEGF121, a Vascular Endothelial Growth Factor (VEGF) Isoform Lacking Heparin Binding
Ability, Requires Cell-surface Heparan Sulfates for Efficient Binding to the VEGF Receptors of
Human Melanoma Cells* - Journal of Biological Chemistry

[39] Unique properties of 189 amino acid isoform of vascular endothelial growth factor in
tumorigenesis - PubMed

[40]Angiogenesis Inhibitors - NCI.

[411VEGF145, a secreted vascular endothelial growth factor isoform that binds to extracellular matrix
- PubMed

[42]Overview of Mass Spectrometry for Protein Analysis

[43]Protein Mass Spectrometry
[44]Mass Spectrometry-Based Protein Sequencing - Creative Proteomics

[45]Protein Mass Spectrometry Made Simple - PMC
[46]lonization rce Technol rvi Thermo Fisher Scientific -

[47]Protein Structure Analysis with Mass Spectrometry | Thermo Fisher Scientific - CA
[48]Liquid Chromatography Mass Spectrometry (LC-MS) Information | Thermo Fisher Scientific -
CA

[49]Triple Quadrupole Mass Spectrometer - an overview | ScienceDirect Topics

[50]Protein Mass Spectrometry Made Simple - PMC

[51]Biochemistry, Essential Amino Acids - StatPearls - NCBI Bookshelf.
52]Bevacizumab - NCI

[53]https:/w ancer.gov/about-cancer/treatment/t immunotherapy/monoclonal-antibodi
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[54]Monoclonal Antibody Drugs for Cancer — Caltag Medsystems

[55]Intravitreal aflibercept (VEGF trap-eye) in wet age-related macular degeneration
[56]Pegaptanib for neovascular age-related macular degeneration



https://www.sciencedirect.com/science/article/pii/S0021925820796432
https://www.sciencedirect.com/science/article/pii/S0021925820796432
https://pmc.ncbi.nlm.nih.gov/articles/PMC4114236/
https://genomebiology.biomedcentral.com/articles/10.1186/gb-2005-6-2-209
https://genomebiology.biomedcentral.com/articles/10.1186/gb-2005-6-2-209
https://ashpublications.org/blood/article/105/4/1383/20352/The-pathophysiologic-role-of-VEGF-in-hematologic
https://ashpublications.org/blood/article/105/4/1383/20352/The-pathophysiologic-role-of-VEGF-in-hematologic
https://pubmed.ncbi.nlm.nih.gov/11181169/
https://pubmed.ncbi.nlm.nih.gov/19909247/
https://pubmed.ncbi.nlm.nih.gov/19909247/
https://www.sciencedirect.com/science/article/pii/S0021925818410514
https://www.sciencedirect.com/science/article/pii/S0021925818410514
https://molecular-cancer.biomedcentral.com/articles/10.1186/1476-4598-9-320
https://molecular-cancer.biomedcentral.com/articles/10.1186/1476-4598-9-320
https://www.jbc.org/article/S0021-9258(17)50204-5/fulltext
https://www.jbc.org/article/S0021-9258(17)50204-5/fulltext
https://www.jbc.org/article/S0021-9258(17)50204-5/fulltext
https://pubmed.ncbi.nlm.nih.gov/12429975/
https://pubmed.ncbi.nlm.nih.gov/12429975/
https://www.cancer.gov/about-cancer/treatment/types/immunotherapy/angiogenesis-inhibitors-fact-sheet#:~:text=Gastrointestinal%20perforation%20and%20fistulas%20also,cardiac%20failure%2C%20and%20hair%20changes
https://pubmed.ncbi.nlm.nih.gov/9054410/
https://pubmed.ncbi.nlm.nih.gov/9054410/
https://www.thermofisher.com/ca/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/overview-mass-spectrometry.html
https://www.sigmaaldrich.com/CA/en/applications/protein-biology/protein-mass-spectrometry
https://www.creative-proteomics.com/proteinseq/mass-spectrometry-based-protein-sequencing.htm
https://pmc.ncbi.nlm.nih.gov/articles/PMC6054340/
https://www.thermofisher.com/ca/en/home/industrial/mass-spectrometry/mass-spectrometry-learning-center/mass-spectrometry-technology-overview/ionization-source-technology-overview.html
https://www.thermofisher.com/ca/en/home/industrial/mass-spectrometry/proteomics-mass-spectrometry/protein-structure-analysis-mass-spectrometry.html
https://www.thermofisher.com/ca/en/home/industrial/mass-spectrometry/mass-spectrometry-learning-center/liquid-chromatography-mass-spectrometry-lc-ms-information.html
https://www.thermofisher.com/ca/en/home/industrial/mass-spectrometry/mass-spectrometry-learning-center/liquid-chromatography-mass-spectrometry-lc-ms-information.html
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/triple-quadrupole-mass-spectrometer
https://pmc.ncbi.nlm.nih.gov/articles/PMC6054340/
https://www.ncbi.nlm.nih.gov/books/NBK557845/#:~:text=The%2020%20amino%20acids%20that,tryptophan%2C%20tyrosine%2C%20and%20valine
https://www.cancer.gov/about-cancer/treatment/drugs/bevacizumab
https://www.cancer.gov/about-cancer/treatment/types/immunotherapy/monoclonal-antibodies
https://www.caltagmedsystems.co.uk/information/monoclonal-antibody-drugs-for-cancer/
https://pubmed.ncbi.nlm.nih.gov/23084240/
https://www.scopus.com/record/display.uri?eid=2-s2.0-11144239923&origin=inward&txGid=b5bc2a2715501941415ff626fb4f5ded

[57]vabysmo

[58]Ranibizumab for Neovascular Age-Related Macular Degeneration | New England Journal of
Medicine

[59]Aflibercept summary ref

[60]Br r VEGF Path Inhibition for AMD | Retinal Physician

[61]Laser Photocoagulation for Age-Related Macular Degeneration | Johns Hopkins Medicine
[62]Age-Related Macular Degeneration - Fighting Blindness Canada (FBC)

[63]Macular Degeneration Treatments for Dry and Wet AMD

[64]Occlusive Retinal Vasculitis Following Intravitreal Brolucizumab - PMC

[65]Side Effects of Brolucizumab - PMC
[66]What Is Avastin? - American Academy of Ophthalmology

[67]Pegaptanib (intraocular route) - Mayo Clinic

[68]Mass Spectrometry for Proteomics - PMC
[69]Protein Analysis by Shotgun/Bottom-up Proteomics - PMC
70]Laser capture microscopy - PMC
[71]Mass Spectrometry Grade Proteases
[72]Top-down Proteomics | Thermo Fisher Scientific - CA
[73]Laser capture microdissection for protein and NanoString RNA analysis - PubMed
[74]Laser Capture Microdissection (LCM)
[75]Laser capture microdissection: Big data from small samples - PMC

[Z6]Levels of Protein Organization

[Z7INRP2 as an Emerging Angiogenic Player; Promoting Endothelial Cell Adhesion and Migration
by Regulating Recycling of a5 Integrin - PubMed

[78]Article Structure of the Full-length VEGFR-1 Extracellular Domain in Complex with VEGF-A
[79]Definition of kinase - NCI Dictionary of Cancer Terms

[80]Systemic Bevacizumab (Avastin) Therapy for Neovascular Age-Related Macular Degeneration -

Ophthalmology
1IGLOBAL PERSPECTIVES: Verteporfin Photodvnamic Therapy for AMD in the Anti-VEGF Era

- Retina Today
[82]VEGF Inhibition Study in Ocular Neovascularization—1 (VISION—1): Efficacy Results From
Phase II/IIT MacugenTM (Pegaptanib Sodium) Clinical Trials | [OVS

[83]A. the structure of the VEGF splice variants. The peptides encoded by... | Download Scientific

Diagram
[84]1Expression of pro- and anti-angiogenic isoforms of VEGF is differentially regulated by splicing

and growth factors



https://www.vabysmo.com/
https://www.nejm.org/doi/full/10.1056/NEJMoa054481
https://www.nejm.org/doi/full/10.1056/NEJMoa054481
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/aflibercept
https://retinalphysician.com/issues/2024/april/broader-vegf-pathway-inhibition-for-wet-amd/
https://www.hopkinsmedicine.org/health/treatment-tests-and-therapies/laser-photocoagulation-for-agerelated-macular-degeneration
https://www.fightingblindness.ca/eyehealth/eye-diseases/age-related-macular-degeneration/
https://www.bettervisionguide.com/macular-degeneration-treatments/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7418897/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8593545/#sec3
https://www.aao.org/eye-health/drugs/avastin
https://www.mayoclinic.org/drugs-supplements/pegaptanib-intraocular-route/description/drg-20070848
https://pmc.ncbi.nlm.nih.gov/articles/PMC2642903/#:~:text=Tandem%20mass%20spectrometry%20
https://pmc.ncbi.nlm.nih.gov/articles/PMC3751594/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1186907/
https://www.thermofisher.com/order/catalog/product/90058
https://www.thermofisher.com/ca/en/home/industrial/mass-spectrometry/proteomics-mass-spectrometry/protein-structure-analysis-mass-spectrometry/top-down-proteomics.html
https://pubmed.ncbi.nlm.nih.gov/23027006/
https://www.thermofisher.com/ca/en/home/life-science/gene-expression-analysis-genotyping/laser-capture-microdissection.html
https://pmc.ncbi.nlm.nih.gov/articles/PMC4665617/
https://comis.med.uvm.edu/VIC/coursefiles/MD540/MD540-Protein_Organization_10400_574581210/Protein-org/Protein_Organization_print.html#:~:text=A%20protein's%20primary%20structure%20is,and%20quaternary%20structure%20is%20the
https://pubmed.ncbi.nlm.nih.gov/32528960/
https://pubmed.ncbi.nlm.nih.gov/32528960/
https://www.sciencedirect.com/science/article/pii/S0969212616304026
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/kinase
https://www.aaojournal.org/article/S0161-6420(05)00297-6/fulltext
https://www.aaojournal.org/article/S0161-6420(05)00297-6/fulltext
https://retinatoday.com/articles/2010-apr/global-perspectives-verteporfin-photodynamic-therapy-for-amd-in-the-anti-vegf-era
https://retinatoday.com/articles/2010-apr/global-perspectives-verteporfin-photodynamic-therapy-for-amd-in-the-anti-vegf-era
https://iovs.arvojournals.org/article.aspx?articleid=2407904
https://iovs.arvojournals.org/article.aspx?articleid=2407904
https://www.researchgate.net/figure/A-the-structure-of-the-VEGF-splice-variants-The-peptides-encoded-by-the-various-exons_fig1_14157892
https://www.researchgate.net/figure/A-the-structure-of-the-VEGF-splice-variants-The-peptides-encoded-by-the-various-exons_fig1_14157892
https://pmc.ncbi.nlm.nih.gov/articles/PMC2613349/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2613349/

DATE

WORK DONE

Oct 15, 2024 Began research and accumulated references.

Oct 30, 2024, I made a checklist of what I wanted to research.

Oct 31, 2024, Added more references, and specified more research topics for
the to-do list.

Nov 4, 2024 Accumulated more references to look at

Nov 5, 2024 Isoform tumorigenesis research

Nov, 6, 2024 I started a draft for my problem section/Introduction

Nov 11, 2024 Reference reorg day

Nov 12, 2024 Continued work on the project introduction

Nov 13, 2024 New references, to-do list editing and intro editing

Nov 14, 2024 Email draft started

Nov 15, 2024 Additional reference list to begin research/to-do list

Nov 19, 2024 Edit introduction

Nov 22, 2024 Studied the heparin sulfate interactions with proteins

Nov 23, 2024 Studied the heparin sulphate interactions with proteins, day 2

Nov 25, 2024 Teacher feedback + response

Nov 26, 2024 Title drafts

Nov 28, 2024, Project description started

Dec 1, 2024 Rewritten priority checklist

Dec 5, 2024 Problem section draft

Dec 6, 2024

VEGTF research




Dec 7, 2024

Wet-AMD research

Dec 8, 2024 Protein isoform research+mass spec research

Dec 10, 2024 Project description draft work

Dec 14, 2024 Wet AMD Research- Platform

Dec 15, 2024 Wet AMD research day 2

Jan 2, 2025 Edit checklist

Jan 26, 2025 Isoform research- platform

Jan 27, 2025 Section list made- for the CYSF platform research section

Jan 30, 2025 3- Pharmacological treatments of Wet-AMD

Jan 31, 2025 Section list reorder, VEGFR1, VEGFR2 research 2-2.1

Feb 2, 2025 Reference reorg and placement on a different doc, VEGF-A
splicing research- CYSF platform

Feb 4, 2025 VEGF-A splicing section 2.1

Feb 7, 2025 NRP-1/coreceptors section

Feb 13, 2025 Exon function

Feb 14, 2025 Exon composition of isoforms and receptor diagram on render,
heparan sulphate, cadherin, and integrin sections

Feb 17, 2025 Start the mass spectrometry section

Feb 19, 2025 Finish mass spec intro

Feb 24, 2025 Start drug research

Feb 29, 2025 Bevacizumab section done

March 2, 2025

Mass spec and citations list

March 3, 2025

Drug research Avastin

March 4, 2025

Complete 3 sections in the research (on the platform)

March 7, 2025

Complete the majority of the research section




March 11, 2025 Complete research section

March 12, 2025 Complete half of the mass spec section

March 14, 2025 Complete the MS section

March 15, 2025 Citations

March 17, 2025 COMPLETE PROJECT!!!!!

March 17-21, 2025 Make final edits, film presentation video, and hand in
project!!!

New sections to add, maybe?
- How endothelial cell samples can be acquired from retinal tissue, put at the top of the method
section
- LCMS-MS section
- Biochem intro section
- Ocular Ischemic Syndrome - EyeWiki. (n.d.).

https://eyewiki.aao.org/Ocular_lschemic_Syndrome

- discussion/conclusion section

To-do list for last week before the project is due

BetomtphS
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