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Research interests summary:

Systems Glycobiology: We are interested in studying mammalian glycosylation pathways, particularly
with respect to developing systems biology tools. Here, we develop mathematical models of cellular
glycosylation with the goal of providing a platform that will integrate experimental data being collected
at the transcript and protein level with biochemical reaction pathways and glycan structures (open
source software available at VirtualGlycome.org). Experimental validation of these models is
performed using large scale experiments (Next Generation Sequencing/NGS and high-throughput
tandem mass spectrometry/MS), protein engineering and biochemical methods. Additional testing is
conducted using systems perturbation approaches by applying small molecule inhibitors and genome
editing (CRISPR) tools. In particular, we are interested in a family of ~200 enzymes called
glycosyltransferases that constitute 1% of the human genome, and the competition between them
which regulates the site-specific pattern of glycosylation on a variety of cell surface glycoproteins and
glycolipids. This fundamental understanding is critical for developing a broad range of early detection
biomarkers and therapeutic strategies for cardiovascular, inflammatory and cancer-related disorders.

Thrombosis and Hemostasis: The goal of this project is to develop novel methods to control
coagulation in blood, and to define novel technologies to control the balance between clotting and
bleeding. In particular, the focus is on Von Willebrand factor structure-function studies, protein
biophysics and self-assaociation function, and arterial and microvascular mouse models of thrombosis.
These studies examine the effect of physiological and pathological hydrodynamic shear on a variety
of biological/clotting phenomena that occur in human blood.

Inflammation biology: The studies analyze the basic biological processes regulating human leukocyte
adhesion with vascular endothelial cells that line the blood vessels. Besides identifying the roles of
glycans, carbohydrate binding lectins and integrins in this multi-step cell adhesion cascade, a major
effort of this project also focusses on metabolic strategies to perturb leukocyte O- and N-linked
glycans. To this end, a series of chemical monosaccharide and substrate analogs have been
developed that when fed to the white blood cells, these entities fine tune or modify their interaction



with the vessels walls in mouse models of acute inflammation and chronic obstructive pulmonary
disorder. This project thus aims to develop anti-inflammatory drugs using small molecules to perturb
selected carbohydrate biosynthesis metabolic pathways.

Regenerative medicine: The goal of this project is to develop cell adhesion engineering/CAE
strategies to target stem cells and stem cell derived exosomes to the heart in models of myocardial
infarction. To this end, we perform the glycan engineering of mesenchymal stem cells (MSCs),
cardiosphere-derived cells (CDCs) and cardiac stem cells (CSCs). Methods to improve the targeting
of these modified stem cells to ischemic sites are developed in a large-animal swine model.
Advanced imagining methods are also developed as part of this project to monitor and optimize the
targeted delivery of stem cell therapeutics.
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Chandrasekaran EV, Lakhaman SS, Chawda R, Piskorz CF, Neelamegham S, Matta KL,
“Identification of physiologically relevant substrates for cloned Gal: 3-0-sulfotransferases: Distinct
high affinity of Gal 3ST-2 and LS180 sulfotransferase for the Globo H backbone, Gal 3ST-3 for N-
Glycan multi-terminal LacNAc units 6-sulfo LacNAc and Gal 3ST-4 for the mucin core 2
trisaccharide” J. Biol. Chem., 279(11):10032-41, 2004.

Zhang, Y., Neelamegham, S. “PPLATE: A program for analysis of parallel plate flow chamber
experimental data” Journal of Immunological Methods, 278(1-2): 319-21, 2003.

Zhang, Y., Neelamegham, S. “An analysis tool to quantify the efficiency of cell tethering and firm-
adhesion in the parallel plate flow chamber” Journal of Immunological Methods, 278(1-2): 305-17,
2003.

Shankaran, H., Alexandridis, P., Neelamegham, S. "Aspects of hydrodynamic shear regulating
shear-induced platelet activation and self-association of von Willebrand factor in suspension”
Blood, 110(7): 2637-45, 2003.

Yi Zhang and Neelamegham, S. "Hydrodynamic recruitment of rolling leukocytes in vitro"
Biophysical Journal, 83(4): 4183, 2003.

Yi Zhang and Neelamegham, S. "Estimating the Efficiency of Cell Capture and Arrest in Flow
Chambers: Study of Neutrophil binding via E-selectin and ICAM-1" Biophysical Journal, 83(4):
1934-52, 2002.

Ahmed F., Alexandridis P., Shankaran H., Neelamegham S. "The Ability of Poloxamers to Inhibit
Platelet Aggregation Depends on Their Physicochemical Properties" Thrombosis and
Homeostasis, 86(6): 1532-1539, 2001.

Shankaran H., and Neelamegham, S. "Effect of Secondary Flow on Biological Experiments in the
Cone-Plate Viscometer: Methods for estimating Collision Frequency, Wall Shear Stress and inter-
particle Interactions” Biorheology, 38(4): 275-304, 2001. [Cover of Biorheology]

Shankaran, H. and Neelamegham, S. "Non-Linear Flow Affects Hydrodynamic Forces and
Neutrophil Adhesion Rates in Cone-Plate Viscometers" Biophysical Journal., 80(6): 2631-2648,
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Ahmed, F. Alexandridis, P., Neelamegham, S. "Synthesis and Application of Fluorescein Labeled
Pluronic Block Copolymers to Study Polymer-Surface Interactions” Langmuir, 17: 537-546, 2001.

Neelamegham S., Taylor A.D., Shankaran, H., Smith, C.W., Simon, S.I. “Shear and Time-
Dependent Changes in Mac-1, LFA-1, and ICAM-3 Binding Regulate Neutrophil Homotypic
Adhesion” Journal of Immunology, 164(7): 3798-3805, 2000.

Hentzen E.R., Neelamegham S., Kansas, G., Mclntire, L.V., Smith, C.W., Simon, S.I. “Sequential
binding of CD11a/CD18 and CD11b/CD18 define neutrophil capture and stable adhesion to
ICAM-1" Blood, 95(3): 911-920, 2000.

Lynam E., Sklar L.A., Taylor A.D., Neelamegham S., Edwards, B.S., Smith, C.W., Simon, S.I.
“Contributions of Mac-1 and LFA-1 in neutrophil adhesion to an ICAM-1 transfectant under
hydrodynamic shear” Journal of Leukocyte Biology, 64(5):622-30, 1998.

Simon, S.I. Neelamegham S., Taylor A.D., Smith C.W. “The multistep process of homotypic
neutrophil aggregation: a review of the molecules and affects of hydrodynamics” Cell Adhesion
and Communication, 6(2-3): 263-76, 1998.

*Konstantopolous, K., *Neelamegham, S., Burns, A.R., Hentzen, E., Kansas, G.S., Snapp, K.R,,
Berg, E.L., Hellums, J.D., Smith, C.W., Mclintire, L.V., Simon, S.l. * Both authors are joint first
authors. “Venous levels of shear induces neutrophil-platelet and neutrophil aggregation in blood
via P-selectin and B-integrin” Circulation, 98: 873-882, 1998.

Neelamegham, S., Taylor A.D., Burns, A.R., Smith, C.W., Simon, S.I. “Hydrodynamic shear
reveals distinct roles for LFA-1 and Mac-1 in neutrophil adhesion to ICAM-1" Blood, 92(5): 1626-
1638, 1998.

Hellums, J.D., Taylor, A.D., Neelamegham, S., Simon, S.I. “Rheology and molecular events in
neutrophil aggregation” Journal of the Japanese Society of Biorheology, 12(1): 12-35, 1998.
Tsang, Y.T.M., Neelamegham, S., Hu, Y., Burns, A.R., Berg, E.L. , Smith, C.W., Simon, S.I.
“Synergy between L-selectin signaling and chemotactic activation during neutrophil adhesion and
transmigration” Journal of Immunology, 159: 4566-4579, 1997.

Mcintyre, B.W., Woodside, D.G., Caruso, D.A., Wooten, D.K., Simon, S.l., Neelamegham, S.,
Revelle, J.K., Vanderslice, P. “Regulation of human lymphocyte coactivation with an a4 integrin
antagonist peptide” Journal of Immunology, 158: 4180-4186, 1997.

Neelamegham, S., Taylor, A.D., Hellums J.D., Smith C.W., Simon, S.l. “Modeling the reversible
kinetics of neutrophil aggregation under hydrodynamic shear” Biophysical Journal, 72: 1527-1540,
1997.

Neelamegham, S., Zygourakis, K. “A quantitative assay for intercellular aggregation” The Annals
of Biomedical Engineering, 25 (1): 180-189, 1997.

Neelamegham, S., Munn, L.L., Zygourakis, K. “A mathematical model for the kinetics of
homotypic cellular aggregation under static conditions” Biophysical Journal, 72: 51-64, 1997.
Taylor, A.D., Neelamegham, S., Hellums, J.D., Smith, C.W., Simon, S.| “Molecular dynamics of
the transition from L-selectin to b »-Integrin dependent neutrophil adhesion under defined
hydrodynamic shear” Biophysical Journal, 71: 3488-3500, 1996.

Neelamegham, S., Simon, S.I., Mcintyre, B.W., Zygourakis, K. “Induction of homotypic
lymphocyte aggregation: evidence for a novel activation state of the i1 Integrin.” Journal of
Leukocyte Biology, 59: 872-882, 1996.

Bhowmick, A., Neelamegham, S., Ray, A.R. “Physico-Chemical studies of polyether-urethaneurea
in phosphate buffer solution”, Polymer International, 24:1-9, 1991.



Publications: Book Chapters

B1. Madabhushi, S. and Neelamegham, S., “Mechanisms of Platelet Activation by Biomaterials
and Fluid Shear flow”, Biomaterials Science: Processing, Properties and Applications llI:
Ceramic Transactions, Volume 242, pg. 113-123, 2013.

B2. Beauharnois, M.B., Neelamegham, S. and Matta, K.L., "Quantitative measurement of selectin-
ligand interactions: Assays to identify a sweet pill in a library of carbohydrates”, Glycobiology
Protocols- Methods Mol Biol, pg. 343-358, 2006.

B3. Zhang, Y. and Neelamegham, S., “Blood Cell counter”, Second Ed. Wiley Encyclopedia for
Biomedical Instrumentation, pg. 81-90, 2006.
B4. Neelamegham, S. and Matta, K.L., "Liposomes containing ligands: Binding Specificity to

selectins", Methods in Molecular Biology: Liposome Methods and Protocols, Humana Press,
New York,199:175-91. 2002.

Publications: Patents

P1. “Fluorescence resonance energy transfer (FRET) based measurement of ADAMTS-13 activity”,
Neelamegham, S., Dayananda, K. M., US provisional patent 61/351318 (2010), Non-provisional
US patent Application No. 13/701,930.

P2. “Methods for Synthesis of Sialylated products using reversible sialylation”, Matta, K.L.,
Chandrasekaran, E.V., Neelamegham, S., Xue, J. US patent 8,278,072 (2012).

P3. "Extraction of liquid from absorbent packaging”, Alexandridis, P., and Neelamegham, S., U.S.
patent 6,589,797 (2003) [licensed to Technicor, Inc., Buffalo, NY].

P4. "Extraction of liquid from absorbent packaging”, Alexandridis, P., and Neelamegham, S., U.S.
patent 7,008,797 (2006) [licensed to Technicor, Inc., Buffalo, NY].

P5. “Functional antibodies that recognize the D'D3 domain of human VWF’, Neelamegham, S., S.
R. Madhabushi, K. Rittenhouse Olson, US Provisional patent, July 20, 2011.

P6. “Metabolic inhibitor of selectin mediated cell adhesion” Neelamegham, S. Marathe, D.D.,

Buffone, A., Lau, J.T. Matta, K.L., US provisional patent 61/102,600 (2008).
P7. “Novel family of selectin antagonists”, S. Neelamegham and K. Matta, U.S. patent 60/670,163

Selected invited seminars and lectures (2018 only)

1. S. Neelamegham, “Analysis of high-throughput glycoproteomics mass spectrometry experiments”
29" International Carbohydrate Symposium, Lisbon, Portugal, 2018.

2. “Role of glycans in regulating leukocyte adhesion biomechanics and cellular signaling”, World
Congress of Biomechanics, Dublin, Ireland, 2018.

3. “Glycan structures regulating human inflammatory diseases”, Department of Biomedical
Engineering, University of California- Davis, 2018.

4. S. Neelamegham, “Systems level analysis of glycosylation—new tools to profile the metabolome”,
Department of Biomedical Engineering, Rutgers University, NJ, 2018.

5. S. Neelamegham, “Glycoinformatics tools to analyze and curate large scale experimental datasets”,
International Life Science Integration Workshop, Tokyo, Japan, 2018.

6. S. Neelamegham, “New developments at VirtualGlycome.org”, Society for Glycobiology-
Glycoinformatics satellite, Portland, OR, 2017.

Research Support (current)

RO1HL103411 (Neelamegham) 09/05/2011 — 05/31/2021

National Institutes of Health

“Systems Biology of Glycosylation”

Goals: This RO1 develops mathematical modeling methods and complementary experiments to study
cellular glycosylation reaction networks. The idea is to develop a framework for mathematical modeling
of glycosylation processes, to develop hypotheses in vitro using human blood and to test them in
studies of chronic inflammation to study end effector cell function.

Role: PI



1R21GM126537-01 (Neelamegham) 12/15/2017-11/30/2019

National Institutes of Health

“Synthetic glycan biomarkers: Novel reporters of cell metabolism”

Goal: To develop a technology called ‘synthetic glycan biomarkers’ that will enable the longitudinal
tracking of metabolic changes in live animal blood and urine samples

Role PI

161RG27770071 Neelamegham (PI) 1/1/2016 — 12/31/2018

American Heart Association

“Targeting cellular therapeutics in a pre-clinical model of myocardial infarction”

Goals: High-risk, high-reward pilot study grant supported through the AHA ‘Innovative Research Grant’
mechanism. The overall goal is to determine if stem cells engineered to have altered cell adhesion
properties display enhanced homing and therapeutic efficacy in a myocardial infarction swine model.
Role: PI

1U01CA221229-01(Mahal) 7/1/2017-6/30/2020

National Institutes of Health

“GlycoMiR: Mapping the miRNA-glycogene interactome”

Goals: To map microRNA:glycogene interactions and create GlycoMiR, a database of MicroRNA:
glycogene interactions.

Role: co-Investigator

PO1HL107146 Sackstein/Lau (PI) 07/1/2011-05/31/2018

National Institutes of Health

“Regulation of Lactosaminyl Glycan Biosynthesis in Hematopoietic Cells”

Goals: This is a multi-investigator PO1 grant submitted from the Harvard Medical School in response to
the Program of Excellence in Glycosciences RFA (HL-10-026). Here, as part of Aim 5 of project 2, |
develop mathematical analysis methods to support the experimental work performed by Dr. Joseph Lau
(Roswell Park Research Institute) in Aim 1-4 of project 2. The lead PI for the entire grant application is
Dr. Robert Sackstein, Harvard.

Role: co-1 on Project 2

Supervision of research

Current members:

Research Scientist:

1. Dr. Anju Kelkar (2013 - present): Develop novel biomolecular methods

Post-doctoral fellow:

2. Dr. Virginia del Solar (2016-present): Glycan chemistry and mass spectrometry

Ph.D. students:

Changjie Zhang (Ph.D. candidate, 2012-2018): “Fluid shear and von Willebrand Factor”

Kai Cheng (Ph.D. candidate, 2013-present): “Glycoproteomic tool development”

Yusen Zhou (Ph.D. candidate, 2013-present): “Multilevel regulation of glycosylation”

Yugi Zhu (Ph.D. candidate, 2013-present): “Systems Glycobiology: Library based technologies”

Arezoo Momeni (Ph.D. candidate, 2014-present): “Glycan engineering of stem cells”

Xinheng Yu (Ph.D. candidate , 2015-present): “Synthetic Glycan Biomarkers”

Theodore Groth (Ph.D. candidate , 2017-present): “Mapping glycosylation pathways using massive

data sets”

10. Gabrielle Pawlowski (Ph.D. candidate, 2017-present): “De novo algorithms for Glycome and
Glycoproteome profiling”

©COoN AW

Previous members: 8 post-docs; 15 Ph.D. and 8 M.S. students
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