
 

OMB No. 0925-0001 and 0925-0002 (Rev. 09/17 Approved Through 03/31/2020) 

BIOGRAPHICAL SKETCH 
Provide the following information for the Senior/key personnel and other significant contributors. 

Follow this format for each person.  DO NOT EXCEED FIVE PAGES. 

NAME: Nikolaos M. Tsoukias 
eRA COMMONS USER NAME (credential, e.g., agency login): tsoukias 
POSITION TITLE: Associate Professor 
EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, 
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.) 

INSTITUTION AND LOCATION 

DEGREE 
(if 

applicable) 
 

Completion 
Date 

MM/YYYY 
 

FIELD OF STUDY 
 

National Technical University, Athens, Greece Diploma 11/1994 Chemical Engineering 

University of California, Irvine M.S. 06/1997 Chem.& Biochem. Eng 

University of California, Irvine Ph.D 06/1999 Engineering 

University of California, Irvine Post. Doc. 06/2000 Biomed. Engineering 

Johns Hopkins University, Baltimore Post. Doc. 06/2003 Biomed. Engineering 

 
A. Personal Statement 

 
      I have a longstanding interest in the application of engineering methodologies to the analysis of physiological 
function and processes. My primary research focus is on vascular physiology with emphasis on the regulation of 
microcirculatory tone. My early work as a doctoral student with Professor Steve George (University of California, 
Irvine) was on Nitric Oxide biotransport. By combining mathematical modeling and experiments, we were able 
to explain the dynamics of the exhaled NO concentration and provide recommendations for its use as a 
diagnostic test of lung function. As a postdoctoral fellow, I trained with Professor Aleksander Popel (Johns 
Hopkins) and developed detailed models of Nitric Oxide, blood flow and Oxygen transport in three dimensional 
vascular networks. As an independent investigator, I have continued to rely on the parallel development of 
computational models and experiments for my investigations. I have developed and presented some of the first 
detailed models of Ca2+ dynamics and electrophysiology in vascular cells. This allowed us a unique quantitative 
perspective of microcirculatory signaling. Our models have proven valuable for elucidating experimental 
observations, particularly as pertaining to intercellular communication and electrical properties of blood vessels, 
and more recently to localized subcellular Ca2+ signaling events. Previous studies on vasoreactivity and Ca2+ 
dynamics highlight the benefits of mathematical modeling in the analysis of complex signaling mechanisms. My 
research focus has shifted over the last few years to the cerebral microcirculation as a result of collaborating 
activities with Professor Mark Nelson and his group at University of Vermont. This interaction led to significant 
progress in multiscale modeling of brain blood flow control and in formulating groundbreaking hypotheses on 
neurovascular coupling, setting the stage for a bottom-up approach in the interpretation of BOLD fMRI imaging 
of brain function. 

In summary, my past contributions have focused on mathematical modeling of cardiovascular and respiratory 
function and particularly on multiscale models that bridge the gap between cell-level signaling and macroscale 
functional responses. My expertise span from cell electrophysiology, calcium dynamics and cellular signaling to 
vascular biomechanics, hemodynamics and biotransport and will allow me to review a broad range of 
applications that utilize quantitative approaches for the analysis of pathophysiological systems and process.  
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20010-present Editorial Board: Microcirculation 
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C. Contributions to Science 
 
Exhaled NO. 
My earlier work investigates the dynamics of Nitric Oxide in the exhaled breath and its potential as a diagnostic 
test of lung function. In the late 90’s we were one of the two groups who observed that the concentration of NO 
in the exhaled breath depends on the expiratory flow rate. This discovery prompted the American Thoracic 
Society to issue recommendations for the standardization of exhaled NO monitoring. Our theoretical models 
explained this phenomenon and provided a method to analyze and to partition the exhaled NO levels into an 
alveolar and airway origin. Our proposed method of analysis has been widely used in the literature and in clinical 
studies over the last twenty years.  
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Nitric Oxide Biotransport. 
Despite significant prior work on the vasoreactive role of NO, the factors that regulate NO bioavailability in the 
vasculature have not been elucidated. For example it is not known how NO escapes scavenging by the 
erythrocytic hemoglobin and what NO levels can be maintained in the vascular wall to induce vasodilation 
(reported/predicted NO concentrations range from pico to micro molar). Through mathematical modeling we 
have been able to quantify some of these interactions and to make physiological relevant predictions. We have 
shown for example, that NO activity can be regulated by the frequency of the underlying Ca2+ events. We have 
tested experimental approaches for assessing NO in biological tissues and highlighted the limitations of existing 
fluorescent markers and we have elucidated the kinetics of NO preservation through the formation of 
Nitrosothiols. Our combined theoretical and experimental methodology has provided insights for the fate of NO 
in the vasculature.    
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PMID: 14592938 

b. K. Madrasi, T. Gadkari, M. S. Joshi and N.M.Tsoukias. Glutathiyl Radical as an Intermediate in the 
Glutathione Nitrosation.  Free Radic Biol Med; 53(10):1968-76, 2012. PMCID: PMC3494776 
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Ca2+ dynamics and inter-cellular signaling in the vasculature. 
Despite more than 50 years of modeling of the heart, there is very little progress in the modeling of the 
vasculature.  We have devoted most of our research efforts over the last decade to bridge this gap. My group 
has constructed the most detailed models of Ca2+ dynamics and electrophysiology in vascular cells. These 
cellular models have been utilized by us and others as the basis for theoretical investigations of vascular function. 
The models have been particularly useful in investigations of intercellular communication in the microcirculation. 
Our studies have revealed how myoendothelial communication contributes to the regulation of vessel tone and 
how signals are conducted upstream the vascular network to coordinate network blood flow and to match supply 
to local metabolic demand. These past efforts provide a significant benefit for analysis of vasoactive regulation 
in the brain vasculature outlined in this proposal.   
  
a. Silva H.S., A. Kapela and N.M. Tsoukias. A mathematical model of plasma membrane electrophysiology and 
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Localized signaling events.  
We have extended our cellular models to account for localized (subcellular) signaling events. In collaboration 
with experimentalist we have investigated distinct Ca2+ events observed near the myoendothelial projections (i.e. 
wavelets, pulsars). A combined modeling/experimental approach enabled us to examine the dynamics of these 
localized Ca2+ events and their role in the regulation of vessel tone. Recently, TRPV4-induced Ca2+ sparklets 
discovered and experimentally characterized by our collaborators in this proposal, were analyzed by our 
mathematical models. Simulations showed that the stochastic opening of a cluster of TRPV4 channels lead to 
the observed quantal Ca2+ events in the experiments. The theoretical study makes predictions for the local Ca2+ 



 

concentration levels and the contribution of TRPV4 channels to vessel hyperpolarization-relaxation. Simulations 
revealed the physiological relevance of TRPV4 channel cooperativity in enhancing Ca2+ spread, recruitment of 
KCa channels and relaxation.  
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Multiscale modeling of tissue perfusion and oxygenation. 
We have previously developed and presented the first detailed model of tissue perfusion and O2 delivery in three-
dimensional vascular networks of skeletal muscle and we utilized this model to answer questions relating to 
angiogenesis or the design of hemoglobin-based blood-substitutes. Over the last decade we focused on 
modeling underlying mechanisms of blood flow control. At the cell level we presented models of Ca2+ dynamics 
and electrophysiology in vascular cells of mesenteric vessels. At the vessel level we examined vasoactive 
signaling and the biophysical determinants of ascending vasodilation in skeletal muscle. The long term goal, as 
outlined in this proposal, is to capitalize on these previous mathematical approaches and develop a multiscale 
framework for linking tissue perfusion and oxygenation to the underlying molecular/subcellular mechanisms in 
health and in disease.  
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D. Additional Information: Research Support and/or Scholastic Performance  
 
Ongoing Research Support: 
 
R01NS110656       Nelson (PI)       04/01/19-04/01/24 
Ion channel dysfunction in small vessel disease of the brain 
This project aims to elucidate channel-mediated defects in small vessel disease of the brain.  
Role: Co-Investigator 
 
R35 HL140027       Nelson (PI)       01/01/19-11/31/25 
Capillaries as a sensory web that controls cerebral blood flow in health and disease 
This comprehensive research Program extends the research in 1R01 HL131181 on the regulation of cerebral 
blood flow.  
Role: Co-Investigator 



 

 
R01HL136636       Dabertrand (PI)      2/01/17-1/31/22 
Capillary control of cerebral blood flow, and its disruption in small vessel disease. 
The overall goals of this proposal are to understand the role of calcium signaling in functional hyperemia, its 
regulation by the extracellular matrix proteins, and its subsequent suppression in the CADASIL syndrome. 
Role: Co-Investigator 
 
 
 
 
Research Support completed During the Last Three Years: 
 
R15HL121778       Tsoukias (PI)       08/01/14-07/31/18 
National Institutes of Health.  
Integrative modeling to link vascular phenotype to gene expression. 
The goal of this grant is to investigate ion channel expression level control in resistance vessels in normotensive 
and hypertensive rats through mathematical modeling and experimentation. 
Role: PI 
 
R01HL131181       Nelson (PI)       2/01/16-12/31/18 
K+ sensing & electrical signaling by Kir channels in brain vasculature. 
The major goals of this project are to examine the mechanisms underlying neurovascular coupling and the 
electrical and calcium signaling properties of brain endothelium. 
Role: Co-Investigator 
 
 


