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John C. Gore, Ph.D., holds the Hertha Ramsey Cress Chair in Medicine and is a University Professor of Radiology and Radiological
Sciences, Biomedical Engineering, Physics and Astronomy, and Molecular Physiology and Biophysics at Vanderbilt University, 
where he also directs the  Vanderbilt University Institute of Imaging Science. Dr. Gore obtained his B.Sc. in Physics from the 
University of Manchester in 1972, a Ph.D. in Physics from the University of London in 1976, and a BA degree in Law from Ealing
College, London in 1982. He also has an honorary  degree from Yale University. He is a member of the National Academy of 
Engineering and an elected Fellow of the American Association for the Advancement of Science, the American Institute of 
Medical and Biological Engineering, the International Society for Magnetic Resonance in Medicine (ISMRM), the American 
Physical Society, the National Academy of Inventors, the International Academy of Medical and Biological Engineering, and the
Institute of Physics (UK).  He is also a Distinguished Investigator of the Academy of Radiology Research and Overseas Fellow of 
the Royal Society of Medicine (UK). He served on the Council of the National Institute of Biomedical Imaging and Bioengineering 
from 2011-2015, was twice an elected trustee of the Society for Magnetic Resonance in Medicine and was a founding board 
member of the Society for Magnetic Resonance Imaging. He is editor-in-chief of the journal Magnetic Resonance Imaging. He 
has been honored with several awards including the Gold Medal of the ISMRM (2004) for his contributions to the field of 
magnetic resonance imaging, the Earl Sutherland Award for Achievement in Research from Vanderbilt University, and is an 
Honorary Professor at Zhejiang University in China. As a Principal Physicist in the Department of Medical Physics, Dr. Gore 
founded the pioneering MRI research program at the Royal Postgraduate Medical School and Hammersmith Hospital in the UK 
in the late 1970’s. In 1982 he established the MRI research program at Yale University which he directed from 1982-2002. At 
Yale he was also the founding Chair and Director of the program (later Department) of Biomedical Engineering and was a 
Professor of Diagnostic Radiology, Professor of Applied Physics and Professor of Psychology. In 2002 he moved to Vanderbilt 
University to establish the Vanderbilt University Institute of Imaging Science which has since grown to be one of the premier
centers for imaging research in the world. Dr. Gore has published over 700 original papers and contributions within the medical 
imaging field. His research interests include the development and application of multimodal imaging methods for understanding
tissue physiology and structure, molecular imaging and functional brain imaging. 

Abstract:
Functional MRI (fMRI) has for 25 years been widely exploited for detecting localized neural activity in the cortex, based on 
measuring changes in signals that depend on tissue blood volume and oxygenation (BOLD = Blood Oxygenation Level Dependent 
effects). FMRI has become an essential tool for mapping brain function in both research and clinical applications. In addition, 
correlations between fMRI signals in a resting state are interpreted as depicting functional connectivity between regions. While
BOLD signals have been reliably detected in grey matter (GM) in a very large number of studies, such signals have rarely been
reported from white matter (WM). However, it is clear from our own and other studies that although BOLD effects are weaker 
in WM, using appropriate detection and analysis methods they are robustly detectable both in response to stimuli and in a 
resting state. Moreover, resting state correlations between voxels in WM appear to be anisotropic but allow the construction of 
functional correlation tensors that quantify this functional anisotropy in a similar manner to how diffusion tensors quantify
structure. Along many WM tracts, the directional preferences of these functional correlation tensors in a resting state are 
grossly consistent with those revealed by diffusion tensors. Furthermore, changes in WM BOLD signals caused by stimuli appear
to be related to tract-specific neural activity in adjoining GM. Resting state correlations between segmented WM tracts and 
parcellated GM volumes indicate new structure-function relationships in the brain, and changes in these appear to be 
biomarkers of pathologies such as neurodegeneration. This presentation will summarize some of our recent studies that provide
evidence that BOLD signals in WM are related to brain functional activity and deserve greater attention by the neuroimaging 
community. 

John C. Gore, PhD 
Hertha Ramsey Cress Chair in Medicine
Professor, Radiology and Radiological Sciences
Functional MRI of White Matter

Vanderbilt University



Dr. Gaber earned his undergraduate degree in Physics from Ain-Shams University, Cairo. He holds a Ph.D. in 
nuclear physics from the University College London and a M.S. in biomedical engineering from the University 
of Tennessee. He is an imaging scientist who has worked on developing X-ray and CT instrumentation, 
intravital microscopy and image processing techniques. Dr. Gaber studies radiation induced damage in the 
CNS, vascular changes in tumor progression and drug targeting to brain tumors. Dr. Gaber has been funded by 
the NIH, NCI, DOD, CPRIT, the American Heart Association, and the James S. McDonald Foundation. He has 
over 50 peer reviewed publication and numerous abstracts. He has been honored for his mentorship by the 
Radiation Research Society and for his teaching by the University of Tennessee College of Health Sciences.

Abstract:
The Small Animal Imaging Facility (SAIF) at Feigin Tower, part of the pediatric department Texas Children’s 
campus, is a state-of-the-art facility that provides in vivo imaging in preclinical animal model systems for 
researchers at Baylor College of Medicine.   The SAIF is equipped several imaging modalities: MRI (Bruker 
Biospec 9.4 T.20 cm bore), PET/SPECT/CT (Siemens Inveon), Ultrasound (PerkinElmer VEVO 3100), 
Bioluminescence/Fluorescence (IVIS Lumina II & III). Work produced at the facility has been published in top 
scientific journals and has helped researchers address some very challenging questions. I will present an 
overview of the facility and some of the exciting work that was, and that is, being produced at the TC-SAIF 
facility.

Mostafa Waleed Gaber, PhD 
Associate Professor, Pediatrics
Co-Director, TCH Small Animal Imaging Facility
Metagenomic and Host RNA Sequencing for Diagnosis of Infections in Field 
Settings

Baylor College of Medicine 
Texas Children’s Hospital



John D. Hazle, Ph.D. is Professor and Chairman of the Department of Imaging Physics at The University of 
Texas MD Anderson Cancer Center in Houston, TX.  He holds the Bernard W. Biedenharn Chair in Cancer 
Research and has a joint appointment as Professor in the Department of Radiation Physics.  He obtained 
undergraduate and Master degrees in Physics and Medical Physics from the University of Kentucky and his 
Ph.D. in Biophysics (with specialization in Medical Physics) from The University of Texas Graduate School of 
Biomedical Sciences (GSBS).  He is American Board of Radiology certified in Diagnostic Medical Physics and 
Therapy Medical Physics, and certified in Magnetic Resonance Physics (inaugural Board member) by the 
American Board of Medical Physics.

Dr. Hazle started his career in radiation oncology physics, working for the NCI funded Radiological Physics 
Center at MD Anderson where he rose to Associate Director.  In 1992, he was recruited by Dr. Gerry Dodd in 
Diagnostic Imaging to start a research program in magnetic resonance imaging.  During the development of 
this program he rose to Section Chief of Diagnostic Imaging Physics in the Department of Diagnostic Radiology 
and eventually became the inaugural Chair of the Department of Imaging Physics in the Division of Diagnostic 
Imaging, a position he has held since 2002.  He has broad clinical expertise, with special emphasis in MR 
physics.

John has also maintained an active research program in image-guided therapy and pre-clinical imaging.  He 
established and continues to serve as Director of the NCI Cancer Center Support Grant funded Small Animal 
Imaging Facility (SAIF) at MD Anderson that includes over $15M of dedicated equipment with an annual 
operating budget over $1M.  He has been PI on several NCI grants and a collaborator on many.  He has over 
150 peer-reviewed scientific publications.  

Dr. Hazle’s professional activities have been extensive as well.  He is active in the Radiological Society of 
North America, the International Society of Magnetic Resonance in Medicine, the World Molecular Imaging 
Society, in NIH/NCI roles, and in several leadership roles at MDACC.  He has served as President of the 
Commission for Accreditation of Medical Physics Education Programs.  But he has been most active in the 
American Association of Physicists in Medicine where he has served as President and Chairman of the Board.  
During his time in leadership he led initiatives to partner with the RSNA in developing new imaging physics 
residency programs to meet manpower needs, led the organization through the purchase of a headquarters 
building in Alexandria, VA that resulted in significant financial benefit to the organization and led a task force 
that moved the AAPM journals to a new publisher with much better distribution metrics and a significantly 
better financial return.  He continues to be active in AAPM as a member of Science Council, co-chair of the 
Technology Assessment Committee and he recently accepted the chair role of a Presidential Ad hoc 
Committee to develop a strategy for meeting imaging physics clinical workforce needs and aligning training 
programs to meet these needs.  Finally, he is also now serving as the AAPM representative to the Academy of 
Radiology and Biomedical Imaging Research.

Abstract; In this talk we will review the resources needed, organization and operations of an institutional 
research resource core facility supporting small animal imaging in research across the MD Anderson campus.  
This will include information on sustainability of the facility as well as academic productivity and utilization.

John D. Hazle, PhD, FAAPM, FACR
Professor and Chairman
Imaging Physics 
The MDACC Small Animal Imaging Facility

UT MD Anderson Cancer Center



Dr. Refaat Gabr is an Assistant Professor in the Department of Diagnostic and Interventional Imaging, 
UTHealth. He obtained his PhD in Electrical and Computer Engineering from Johns Hopkins University in 2009. 
He is specialized in quantitative magnetic resonance imaging (MRI) and spectroscopy and their applications in 
neuroimaging. His research currently focuses on optimizing image acquisition, reconstruction and processing, 
for the ultimate goal of achieving true personalized imaging.

Abstract:
The MRI center at McGovern Medical School, UTHealth, is a 4800 square foot facility and houses state of the 
art clinical 3T system and a preclionical 7T scanner. The clinical Philips 3T Ingenia scanner is equipped with 
multiple multi-channel radiofrequency coils for scanning different parts of the body. Its two-channel transmit 
coil helps improve  signal homogeneity and reduces RF exposure to the patient. The complete digital flow 
considerably improves the image quality. A fully integrated In Vivo SensaVue system for functional MRI (fMRI) 
studies allows easy implementation of complex paradigms and visualization of activation in real time on the 
console. All the standard and specialized pulse sequences, including DTI, MRS, ASL, are available. A research 
agreement with Philips allows modifying and/or implementing new and novel sequences on the scanner. The 
MRI suite also houses a mock scanner that simulates the confined and noisy environment experienced by the 
patient in the real scanner. The mock scanner helps calm down patients, particularly pediatric subjects, and 
train them for functional MRI (fMRI) studies. The preclinical 7T MRI system allows acquisition of MRI images 
and spectroscopy data from small animals. DTI, fiber tracking, DCE, fMRI, rsfMRI, high resolution ex vivo (34 
micron isotropic resolution) with cryogenic coil, are available. The center is equipped with a full surgical suite 
for preclinical studies.

Refaat Gabr, PhD
Assistant Professor
Diagnostic and Interventional Imaging,
The MRI Center at UTHealth McGovern Medical School

UT Health Science Center at Houston



Angelique Y. Louie received the B.S. degree from the University of California, Davis, and the M.S. degree from 
the University of California, Los Angeles, both in electrical engineering. She received the Ph.D. degree in 
biological sciences from the University of California, Irvine. She held a Postdoctoral Fellowship at the 
California Institute of Technology, Pasadena. She is currently a Professor in the Department of Biomedical 
Engineering, University of California, Davis. Her research focuses on the development of multimodal probes 
for molecular imaging. Recent work from her lab describes photoswitch based MRI contrast agents and 
targeted nanoparticle anticoagulants to mitigate thrombotic risk.

Dr. Louie is a member of Tau Beta Pi, and an elected Fellow of American Institute for Medical and Biological 
Engineering AIMBE), and elected fellow of the Biomedical Engineering Society (BMES).

Abstract:  Macrophages are active members of the immune system that have been associated with both 
prevention as well as progression of diseases. They play versatile roles in phagocytosis, presentation of foreign 
antigens, and producing biochemical signals in inflammation. The complexity of the macrophage response has 
only recently been appreciated, and it is now understood that macrophages polarize between “fight” and “fix” 
modes of action. At one extreme, the M1 phenotype expresses markers such as CD40 and CD86, secretes 
inflammatory cytokines, and is associated with a host-defense, pro-inflammatory function.  M1 macrophages 
are produced in response to exposure of cells to interferon-�� (IFN-�) and lipopolysaccharide (LPS). On the 
other extreme, M2 macrophages are elevated in markers like CD206 and CD163, and produced by stimulation 
with IL-4 and IL-13; they are associated with tissue remodeling and immune regulation. However, mixed 
phenotypes have been observed, suggesting that macrophages exist along a spectrum of polarization rather 
than discretely in M1 or M2 subtypes. Increasingly, particular macrophage subtypes have been associated 
with disease progression or resolution. For example, in cancer, polarization of tumor associated macrophages 
(TAM) to the M2 type is connected with immunosuppression and tumor growth, while M1 type macrophages 
are tumoricidal; thus, dependent upon subtype, one may wish to eradicate or enhance macrophage function 
with therapies.6 Proper identification of macrophage subtype in vivo is critical to these treatment decisions. 
In this presentation I discuss our current efforts towards developing targeted contrast agents for Magnetic 
Resonance Imaging of tumor associated macrophages. 

Angelique Louie
Professor
Biomedical Engineering
Targeted Imaging of Tumor Associated Macrophages

University of California, Davis



Ivany is a sophomore at Rice University from Austin, Texas studying Psychology, Neuroscience, and Medical 
Humanities. She’s interested in neurodegenerative research and joined Dr. Robia Pautler’s lab at Baylor 
College of Medicine this past January wheres she’s been engaging in awake animal imaging studies and has 
been growing as a scientist. 

Abstract:
Anesthesia such as ketamine and isoflurane are often used in preclinical studies that incorporate mouse or rat 
models.   However, there are multiple reports indicating that anesthesia will also have a significant impact on 
the physiology of any system.  For example, anesthesia is a confounding factor in animal brain functional MRI 
studies due to the interference of anesthesia1–3.   The most commonly used anesthetic gas, isoflurane has 
also been shown to induce the relaxation of blood vessels by acting on and interfere with calcium signaling by 
blocking calcium channels in vascular smooth muscle4–6.  Thus, there has been great interest in performing 
studies in awake, unanesthetized animals.  In this project, we have significantly modified the rat holder 
described in Stenroos et al to accommodate mice, specifically in Bruker systems7.  We have also established a 
successful conditioning paradigm.   We have obtained anatomical images as well as compared 31P spectra and 
also Manganese Enhanced MRI (MEMRI) transport rates in awake animals.   Our data demonstrate significant 
differences in 31P spectra and MEMRI transport rates in anesthetized compared with awake animals.   These 
data emphasize the importance of pursuing functional studies in unanesthetized animals.    

Ivany Patel 
Student
P and MEMRI Studies in Unanesthetized Mice

Rice University

a. b. Figure 1: a). awake mouse in standard holder; b). awake
mouse in our newly designed holder;



Ms. Mota is doctoral student working as a Graduate Research Assistant in the Biomedical Optics Lab under Dr. 

Kristen Maitland. She completed my undergraduate program in the field of electrical and electronics engineering 

and later worked as a Graduate Engineer Trainee at Nokia for a year. Her motivation to study further and make an 

impact on the healthcare industry made me apply for graduate studies in the biomedical engineering domain. She 

joined Texas A&M University in the fall of 2017 and has had an enriching academic experience so far. Her research 

is in the field of computer vision and imaging technologies for the quality monitoring of stem cells. Apart from 

studies and research, she has developed new hobbies such as baking, sketching, and trekking during my graduate 

life. Her journey as a Ph.D. student has been very rewarding and she is very excited to see what the next phase of 

my life either in industry or as a postdoctoral researcher has in store for her!

Abstract:  Cell-based therapeutics is an attractive strategy for the long-term management of several human 

diseases, such as cancer and chronic bone disease. Mesenchymal stem cells (MSCs) are a heterogeneous group of 

progenitor cells that can be differentiated into several phenotypes and can promote immune modulation in 

damaged tissues. They have been the subject of recent attention in a variety of pre-clinical models for their 

potential therapeutic effects. The success of cell-based therapies to provide new remedies is highly reliant on the 

viability and reproducibility of cultured cell properties. The capability of MSCs to self-renew is reflected by their 

morphological phenotype. Cells that rapidly self-replicate (RS) are spindle-shaped and fibroblastic, while cells that 

slowly replicate (SR) are flattened and cuboidal. In addition to slow replication, SR cells lose most of their ability to 

differentiate into multiple cell lineages and promote tissue repair. Morphological evaluation can be used as a rapid 

screening technique to monitor culture viability in real-time and minimize the need for time-consuming validation 

assays during culture expansion.

We have developed an image analysis algorithm to quantitatively determine the morphological features with 

the goal of non-invasive and automated prediction of monolayer culture viability. Image Processing Toolbox in 

MATLAB was used to process the cells imaged using phase contrast microscopy. The algorithm includes cell 

segmentation and classification. Initial thresholding is performed for detecting cell regions. Cell markers are 

obtained using local minima within each detected cell region to identify it either as an individual cell or a cluster of 

cells. The individual cells are segmented using region-based edge detection while clustered cells are segmented 

using a marker-controlled watershed method. Features that have the potential to describe cell morphology such 

as circularity, rectangularity, minor axis length, major axis length, aspect ratio, and intensity profile are extracted 

for all the segmented cell objects. Each cell is classified as RS or SR phenotype using a logistic regression model 

that uses the extracted features as inputs.

Results were validated via visual inspection from twenty individuals trained to evaluate the morphological 

phenotypes of MSCs. The segmentation algorithm demonstrated an accuracy of 94.03% and a mean Dice-

Sorensen score of 0.71 across 15 images containing 67 cells. The classification results for the test dataset 

demonstrated an accuracy of 83.33%, an AUC of 0.87 +/- 0.08, and an F-measure of 0.87. In summary, the 

proposed technique shows potential to be incorporated into stem cell quality control processes. It would also 

make the morphologic determination quantifiable and consistent for various culture protocols to facilitate high-

volume stem cell manufacturing.

Sakina Mohammed Mota

PhD Student 

Biomedical Engineering
Morphological Cell Image Analysis for Real-Time Monitoring of Stem Cell 
Culture

Texas A&M University, College Station



Alan Koretsky is Senior Investigator in NINDS, NIH and Director of the NIH MRI Research Facility/Mouse 
Imaging Facility.  He is best known for work developing novel MRI contrast to study the brain, including early 
development of arterial spin labeling techniques for measuring tissue perfusion with MRI, development of 
Manganese Enhanced MRI, and development of MRI cell tracking techniques.  Dr. Koretsky received his SB 
from MIT, PhD from University of California, Berkeley, working with Mel Klein and Michael Weiner, and did a 
postdoctoral fellowship with Robert Balaban in the intramural research program of NHLBI, NIH.  He spent 
twelve years on the faculty in the Department of Biological Sciences at Carnegie Mellon University prior to 
moving to the intramural research program of NINDS, NIH in 1999.  From 2006-20018 he was Scientific 
Director of the intramural NINDS research program with overall responsibility for managing this active 
research program of about 50 PIs whose work covered basic neuroscience, neurology, and neurosurgery. He is 
a Gold Medal recipient from the International Society of Magnetic Resonance in Medicine.

Abstract:
Single cells can be detected by MRI at typical resolutions used for animal MRI experiments if enough iron 
oxide contrast can be loaded into the cell.  This is due to the fact that magnetic and superparamagnetic 
materials can alter MRI up to 100 times their size.  We have demonstrated that single micron sized particles of 
iron oxide can be detected and can be used to label cells either in vitro or in vivo to enable detection of single 
cells.  Detection of single cells has been used by our group to track the migration of new neurons entering the 
olfactory bulb and immune cells entering the brain in rodent models.  New developments in microfabrication 
of particles and translation of magneto-caloric materials for use in MRI hold much progress to make it more 
and more likely that detection of single cells by MRI will be increasing useful.

Alan Koretsky, PhD 
Senior Investigator
NINDS
MRI Detection of Cell Migration in the Brain

National Institutes of Health



Jim Bankson is an Associate Professor in the Department of Imaging Physics at The University of Texas MD Anderson 
Cancer Center.  He serves as Director of the Magnetic Resonance Systems Laboratory and Co-Director of MD Anderson’s 
Small Animal Imaging Facility.  Dr. Bankson received his BS and PhD degrees in electrical engineering from Texas A&M 
University, where he trained in magnetic resonance engineering under the supervision of Dr. Steve Wright.  He came to 
MD Anderson as a postdoctoral fellow to work with Dr. John Hazle and study magnetic resonance in cancer and 
biomedical research.  He joined the faculty at MD Anderson as an Instructor in 2002 and has spent his entire academic 
career there.  He is best known for the preclinical imaging research that he carried out and facilitated as SAIF grew from 
a single 4.7T MRI scanner in 2001 to the complex core facility that currently exists – with 24+ instruments in three 
imaging laboratories spanning MD Anderson’s Main and South Campuses.  In recent years his group has focused on the 
development and application of hyperpolarized pyruvate to interrogate changes in tumor metabolism due to disease 
progression and/or response to therapy.  Dr. Bankson and his team have co-authored more than 85 peer-reviewed 
manuscripts and presented more than 120 abstracts at scientific conferences. 

Abstract: Dynamic spectroscopic imaging of hyperpolarized (HP) [1-13C]-pyruvate (1) allows insight into tumor 
metabolism (2,3) with unprecedented sensitivity, specificity and spatiotemporal resolution. Since demonstration of the 
safety and feasibility of this technology in patients in 2013 (3), a dozen sites worldwide have begun to assess the clinical 
utility of this technology (4-6) supported by a wide and growing body of preclinical research indicating sensitivity to 
metabolic changes well in advance of traditional measures of progression and response.  However, imaging of HP 
substrates is challenging because signals are nonstationary, non-renewable, continually decaying due to excitation 
losses and T1 relaxation, and evolving in time and space that must be appropriately encoded.  Here we will provide an 
overview of this technology, describe the translational pipeline for HP MRI research at MD Anderson, and summarize 
our recent efforts to improve the accuracy and reproducibility of our measurements in preclinical and clinical research.  
1. Ardenkjaer-Larsen JH, Fridlund B, Gram A, Hansson G, Hansson L, Lerche MH, Servin R, Thaning M, Golman K. 

Increase in signal-to-noise ratio of >10,000 times in liquid-state NMR. Proc Natl Acad Sci USA 100(18):10158-63, 
2003.

2. Golman K, in 't Zandt R, Thaning M. Real-time metabolic imaging. Proc Natl Acad Sci U S A 103(30):11270-5, 2006.
3. Nelson SJ, Kurhanewicz J, Vigneron DB, Larson PE, Harzstark AL, Ferrone M, van Criekinge M, Chang JW, Bok R, Park 

I, Reed G, Carvajal L, Small EJ, Munster P, Weinberg VK, Ardenkjaer-Larsen JH, Chen AP, Hurd RE, Odegardstuen LI, 
Robb FJ, Tropp J, Murray JA. Metabolic imaging of patients with prostate cancer using hyperpolarized [1-
13C]pyruvate. Sci Transl Med 5(198):198ra08, 2013.

4. Cunningham CH, Lau JY, Chen AP, Geraghty BJ, Perks WJ, Roifman I, Wright GA, Connelly KA. Hyperpolarized 13C 
Metabolic MRI of the Human Heart: Initial Experience. Circ Res 119(11):1177-82, 2016.

5. Park I, Larson PEZ, Gordon JW, Carvajal L, Chen HY, Bok R, Van Criekinge M, Ferrone M, Slater JB, Xu D, Kurhanewicz
J, Vigneron DB, Chang S, Nelson SJ. Development of methods and feasibility of using hyperpolarized carbon-13 
imaging data for evaluating brain metabolism in patient studies. Magn Reson Med 80(3):864-73, 2018.

6. Kurhanewicz J, Vigneron DB, Ardenkjaer-Larsen JH, Bankson JA, Brindle K, Cunningham CH, Gallagher FA, Keshari
KR, Kjaer A, Laustsen C, Mankoff DA, Merritt ME, Nelson SJ, Pauly JM, Lee P, Ronen S, Tyler DJ, Rajan SS, Spielman 
DM, Wald L, Zhang X, Malloy CR, Rizi R. Hyperpolarized (13)C MRI: Path to Clinical Translation in Oncology. 
Neoplasia 21(1):1-16, 2019. 

Jim Bankson, PhD
Professor
Imaging Physic
Diagnostic Imaging
Imaging Metabolism with Hyperpolarized Pyruvate

University of Texas MD Anderson Cancer Center



Robia G. Pautler is an Associate Professor in the Departments of Molecular Physiology and Biophysics, 
Neuroscience and Radiology at Baylor College of Medicine.  She also directs the Small Animal MRI imaging 
facilities at BCM and also Texas Children’s Hospital.   She is known for her work in mouse models of 
Alzheimer’s Disease and oxidative stress.  Dr. Pautler received her BS from Colorado State University, her PhD 
from Carnegie Mellon University, working with Dr. Alan Koretsky, and did a postdoctoral fellowship with Drs. 
Scott Fraser and Russ Jacobs at Caltech.  She joined the faculty at Baylor College of Medicine in 2003 and is 
currently a tenured Associate Professor.  She has earned multiple NIH and Foundation grants and has over 65 
publications.   In addition to her work in research, she is very active in educational endeavors -- she was the 
Co-Director of the Graduate Education Program for Physiology for 7 years, she is on the Faculty Operating 
Committee for the MD/PhD program, she has served as the Chair of multiple educational committees and has 
mentored numerous trainees ranging from the high school to junior faculty level.  She is a staunch advocate 
for Diversity in the Sciences and Education in general.  She spearheaded the formation of the Women in MR 
group at the ISMRM as part of her Annual Program Meeting Committee endeavors.  She is also currently 
pursuing her certification as a Special Education Advocate. 

Abstract:
Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by the neuropathological 
accumulation of amyloid beta (A�) plaques and neurofibrillary tangles comprised of hyperphosphorylated tau. 
Tau is a microtubule-associated protein involved in microtubule stability and when tau is 
hyperphosphorylated, microtubules become destabilized which leads to impaired axonal transport. Axonal 
transport is an important cellular process that shuttles vesicles, neurotransmitters, and mitochondria from the 
soma to the synapse. Perturbations in axonal transport disrupt neuronal activity by reducing the transport of 
mitochondria, increasing reactive oxygen species (ROS) and diminishing the formation of active zones at the 
synapse.  Axonal transport deficits are thought to occur early and continue to progress in AD.   Thus, there is a 
significant need and strong scientific premise to identify the mechanisms by which axonal transport deficits 
occur and also can be improved in AD.  

Olfactory receptor neurons are the only part of the central nervous system (CNS) with direct access to the 
outside world. They lie at the beginning of a neural network which projects to the olfactory bulb followed by 
the piriform olfactory cortex (primary olfactory cortex), the entorhinal cortex (secondary olfactory cortex). The 
olfactory system is also the first system affected in AD patients and mouse models of AD before cognitive 
deficits develop. Indeed, using Manganese Enhanced MRI (MEMRI), we have shown that axonal transport 
deficits in the olfactory receptor neurons occur before the appearance of learning and memory deficits 
appear and are reversed when we reduce ROS levels by overexpressing superoxide dismutase 2 (SOD-2) in AD 
mice.  Here, we describe our current efforts with reducing oxidative stress in the olfactory structures in mouse 
models of AD with intranasally applied nanoantioxidants.   

Robia Pautler, PhD
Associate Professor
Molecular Physiology and Biophysics
Protective effects of Intranasally Administered Nanoantioxidants in the 
Olfactory System in Mouse Models of Alzheimer’s Disease

Baylor College of Medicine



Ponnada Narayana is a Professor in the Department of Diagnostic and Interventional Imaging (DII) at 
McGovern Medical School, UT Health Science Center in Houston. He directs the MRI facility and is the Vice 
Chair for research in the DII department. He holds an Endowed Chair in Biomedical Engineering at UT Health 
Science Center in Houston. His research interests include development of novel MRI sequences, quantitative 
MRI techniques, and analysis of large data using Deep Learning. His research involves both pre-clinical and 
clinical. He has published 290 papers in high impact peer reviewed journals. He is the 2006 Presidential 
Scholar, Distinguished Researcher of the Academy of Radiology Research, and elected Fellow of the 
International Society of Magnetic Resonance in Medicine (ISMRM).  He trained 25+ graduate and 25+ post-
doctoral fellows and serves as mentor for junior faculty members. His research has been continuously funded 
for the last 30+ years by federal agencies such as NIH and DoD and other organizations such as National 
Multiple Sclerosis Society (NMSS).

Abstract:
MR initiatives at UT-H can be divided into clinical and pre-clinical. The clinical initiatives include collaborating 
with clinical investigators in neurological, body, and MSK. The major research initiatives include real time 
processing and deep learning for patient-adaptive MRI and real time QA evaluation. These two initiatives 
require high speed computation, programing the MRI scanner for sequence synchronized scanning, and deep 
learning. In this presentation, these initiatives will be described in some detail and examples of successful 
implementation of these initiatives will be shown. Finally, future developments based on these initiatives will 
be briefly discussed.

The pre-clinical initiative is mainly focused on the effect of traumatic spinal cord injury on gut and neuropathic 
pain, and mapping the pain pathways. This initiative is based on dynamic contrast enhanced MRI and 
functional MRI. These will be described briefly along with examples.

Ponnada Narayana, PhD
Professor
Diagnostic and Interventional Imaging 
MR Initiative at University of Texas Health Science Center

McGovern Medical School, UT Health Science Center in Houston



Dr. Omid Veiseh, Ph.D., is an Assistant Professor and CPRIT Scholar in Cancer Research in the Department of 
Bioengineering at Rice University. He is also the co-founder of Sigilon Therapeutics, a Cambridge, MA- based 
biopharmaceutical company that discovers and develops immune-privileged living therapeutic implants for 
the treatment of chronic diseases.

Dr. Veiseh received a dual Ph.D. in Materials Science & Engineering and Nanotechnology from the University 
of Washington. He completed his postdoctoral research with Prof. Robert Langer and Prof. Daniel Anderson at 
MIT and Harvard Medical School. Over the course of his career he has authored, or co-authored more than 50 
peer-reviewed publications including those in Nature, Nature Biotechnology, Nature Materials, Nature 
Medicine, Nature Biomedical Engineering and is an inventor on 20 pending or awarded patents, many of 
which have been licensed for commercialization by 3 separate biotechnology companies. He has received 
numerous awards and fellowships including: a $2 million CPRIT Scholar In Cancer Research Award from state 
of Texas, and was recently named one of MedTech Boston's 40 Under 40 Healthcare Innovators for 2017.

Abstract:

Immune cell recognition of implanted biomedical devices initiate a cascade of inflammatory events that result 
in collagenous encapsulation of implanted materials which leads to device failure. These adverse outcomes 
emphasize the critical need for biomaterials that do not elicit foreign body responses. One prime example for 
the use of this technology is with the development of a bioartificial pancreas for the treatment of patients 
suffering from diabetes. Immunoisolation of insulin producing cells with porous biomaterials provide an 
immune barrier that is a potentially viable treatment strategy for Type1 diabetic patients. However, clinical 
implementation has been challenging due to host immune responses to implanted materials. To address this 
challenge, we have focused our efforts on the development of improved biomaterials for the use in pancreatic 
islet cell transplantation. 

To enable the discovery of novel superbiocompatible biomaterials we have developed a high throughput 
pipeline for the synthesis and evaluation of >1000 material formulations and prototype devices. Here, we 
describe combinatorial methods we have developed for covalent chemical modification and in vivo evaluation 
of alginate based hydrogels. Using these methods, we have created and screened the first large library of 
hydrogels, and identified leads that are able to resist foreign body reactions in both rodents and nonhuman 
primates. These formulations have been used to generate optimized porous alginate hydrogels fabricated with 
tuned geometries to enhance biocompatibility. Significantly, our lead formulation has enabled us to achieve 
the first long-term glycemic correction of diabetic animals without immunosuppression using stem-cell 
derived human islets. 

Omid Veiseh, PhD 
Assistant Professor
Bioengineering
Immune Modulatory Biomaterials for Cell-Based Therapies 
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Badri Roysam (Fellow IEEE & AIMBE) is the Hugh Roy and Lillie Cranz Cullen University Professor, and Chairman of the 
Electrical and Computer Engineering Department at the University of Houston (2010 – present). From 1989 to 2010, he was a 
Professor at Rensselaer Polytechnic Institute in Troy, New York, USA, where he directed the Rensselaer unit of the NSF 
Engineering Research (ERC) Center for Subsurface Sensing and Imaging Systems (CenSSIS ERC), and co-directed the 
Rensselaer Center for Open Source Software (RCOS). He received the Doctor of Science degree from Washington University, 
St. Louis, USA, in 1989. Earlier, he received his Bachelor’s degree in Electronics from the Indian Institute of Technology, 
Madras, India in 1984. 
Badri’s research is on the applications of multi-dimensional signal processing, machine learning, big-data bioinformatics, high-
performance computing to problems in fundamental and clinical biomedicine. He collaborates with a diverse group of 
biologists, physicians, and imaging researchers. His work is inspired by diverse applications including cancer immunotherapy,
traumatic brain injury, retinal diseases, neural implants, learning and memory impairments, binge alcohol, tumor mapping, 
stem-cell biology, stroke research, and neurodegenerative diseases. 

Abstract:
While international brain mapping initiatives remain focused on the structure and working of the healthy brain, the need to 
map the unhealthy brain is compelling and urgent. Especially important is the need to map the complex and multi-scale brain 
cellular alterations associated with pathological conditions like traumatic brain injury (concussion), ischemia, binge alcohol, 
tumor growth, and experimental drug treatments, in a comprehensive manner. 
For example, traumatic brain injury (TBI) initiates a complex web of pathological alterations in all the types of brain cells, 
ranging from individual cells to multi-cellular functional units at multiple scales ranging from niches to the layered brain 
cytoarchitecture. These alterations represent a mixture of changes associated with the primary injury, secondary injuries, 
regenerative processes, inflammation, tissue remodeling, drug treatments, and drug side effects. Many of these alterations 
can be subtle and/or latent, only discernible by sensing changes in cell morphology and/or the expression and/or intra-
cellular distribution of specific molecular markers, and can be spread across brain regions that are distant from the 
injury/damage site. 
Unfortunately, current immunohistochemistry (IHC) methods reveal only a fraction of these alterations at a time, miss the 
many other alterations and side effects that are occurring concurrently, and do not provide quantitative readouts. The 
potential consequence of unobserved and untreated cellular alterations is high, as they may contribute to confounding, co-
morbid, or persistent conditions (e.g., depression, headaches, stress-related health problems). Importantly, the current state 
of drug development for brain pathologies leaves much to be desired, with a recent review concluding that “most of the 
pharmacologic and non-pharmacologic treatments have failed to demonstrate significant efficacy on both the clinical 
symptoms as well as the pathophysiologic cascade responsible for the permanent brain injury”. 
In this talk, I will describe a practical approach to pathological brain tissue mapping with a focus on rational therapeutics
development. Our approach is based on replacing the many low information content assays with a single comprehensive 
assay based on imaging and analyzing highly multiplexed whole brain sections using 10 – 50 molecular markers, sufficient to 
analyze all the major brain cell types and their functional states over extended regions. Analyzing these images is challenging 
due to their complexity, variability, and sheer size. To overcome these challenges, we describe a combination of signal 
reconstruction, deep neural network based cell detection and phenotyping, and high-dimensional data analysis approaches to 
generate quantitative readouts of cellular alterations at multiple scales ranging from individual cells to multi-cellular units,
large cellular ensembles (e.g., cortical layers), and atlas-mapped brain regions for comparative analysis. These data can be 
used for testing hypotheses, screening individual drugs and combination therapies, and initiating system-level studies.

Badri Roysam, DSc 
Professor  and Chair
Electrical and Computer Engineering
Metagenomic and Host RNA Sequencing for Diagnosis of Infections in Field 
Settings
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Dr. Eary received her Bachelor of Science degree at the University of Michigan and Doctor of 
Medicine degree from the Michigan State University College of Human Medicine. Her postdoctoral 
training was completed at the University of Washington in Anatomic Pathology, Laboratory Medicine, 
and Nuclear Medicine, medical specialties in which she holds Medical Specialty Board Certifications. 
She has also participated as a member of the American Board of Nuclear Medicine. Her academic 
career began at the University of Washington School of Medicine (UWMC), where she was professor 
of Radiology, Pathology, and Orthopedics and held a faculty position in the University of Washington 
Graduate School. While at UWMC, she also served as Director for the Division of Nuclear Medicine 
and the Molecular Imaging Center and was a full member at the Fred Hutchinson Cancer Research 
Center where she was the creator and leader for the Cancer Imaging Program in the NCI 
Comprehensive Cancer Center. She also was course coordinator for the seminar in Molecular 
Medicine and served on several institutional committees. Dr. Eary has been a research principal 
investigator and program leader continuously throughout her career which began in experimental 
therapy with radiopharmaceuticals and was a pioneer in molecular imaging. She has expertise in 
molecular imaging, radionuclide therapy, translational studies, clinical trial design, imaging basic 
science and image analysis which remain as her research interests. Dr. Eary has published over 160 
articles in these areas and is also the author of a radionuclide therapy book, numerous book 
chapters, educational materials, and editorials. From 2014 to 2016, Dr. Eary was a professor of 
Radiology and Surgery at the University of Alabama at Birmingham (UAB) School of Medicine and 
Graduate School, and Radiology Vice Chair of Clinical Research. She was also a member of the UAB 
NCI Comprehensive Cancer Center Experimental Therapeutics Program. Presently, Dr. Eary is a 
frequent lecturer on advanced imaging topics in the U.S. and internationally.

At NCI, Dr. Eary brings her background as a physician scientist and clinician to lead the NCI/CIP to 
achieve program goals to advance cancer imaging and imaging community contributions to 
improving outcomes for cancer patients.

Janet F. Eary, MD
Associate Director
Cancer Imaging Program

National Institutes of Health/NCI/DCTD
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Translational Optical Coherence Elastography for Assessment of Systemic Sclerosis 

Liu CH1, Boerner P1, Assassi S2, Theodore S2, Smith C1, Schill A1, Singh M1, Aglyamov S3,4, Mohan C1, 
Larin KV1 
1. Department of Biomedical Engineering, University of Houston, Houston, Texas 
2. Department of Rheumatology and Clinical Immunogenetics, University of Texas Health Science 

Center at Houston, Houston, Texas 
3. Department of Mechanical Engineering, University of Houston, Houston, Texas 
4. Department of Biomedical Engineering, University of Texas, Austin, Texas  

 
Corresponding author:  
Kirill V. Larin, Department of Biomedical Engineering, University of Houston, 3605 Cullen Boulevard 
Houston, TX 77204, klarin@uh.edu 
 
Systemic sclerosis (SSc-scleroderma) is an autoimmune disorder that results in excessive accumulation of 
collagen in the skin and internal organs. Currently, the modified Rodnan Skin Score (mRSS) is the gold 
standard for evaluating the dermal thickening due to SSc. However, mRSS has noticeable inter- and intra-
observer variabilities as quantified by the interclass correlation coefficient ICC: 0.6-0.75). In this work, 
optical coherence elastography (OCE) combined with structural optical coherence tomography (OCT) 
image analysis was used to assess skin thickness in 4 SSc patients and 8 healthy volunteers. Inter- (ICC: 
0.62-0.99) and intra-observer (ICC > 0.90) assessment of OCT/OCE showed excellent reliability. Clinical 
assessments, including histologically assessed dermal thickness (DT), mRSS, and site-specific mRSS 
(SMRSS) were also performed for further validation. The OCE and OCT results from the forearm 
demonstrated the highest correlation (OCE: 0.78, OCT: 0.65) with SMRSS. Importantly, OCE and OCT 
had stronger correlations with the histological DT (OCT: r = .78 and OCE: r = .74) than SMRSS (r = .57), 
indicating the OCT/OCE could outperform semi-quantitative clinical assessments such as SMRSS. 
Overall, these results demonstrate that OCT/OCE could be useful for rapid, noninvasive and objective 
assessments of SSc onset and monitoring skin disease progression and treatment response. 

  

Funding source  

This work was supported in part by National Institute of Health grants 2R01EY022362, 1R01HL130804 
and Manmohan Singh is supported by a training fellowship from the Gulf Coast Consortia, on the NLM 
Training Program in Biomedical Informatics & Data Science (T15LM007093). 

 



Natural Frequency Characterization of Soft Tissue Phantoms Using Optical 
Coherence Elastography 
 
SURYA S. C. DUVVURI1,2, GONGPU LAN1,3, KIRILL LARIN4, SALAVAT AGLYAMOV4, AND MICHAEL D. TWA1,2,* 

1University of Alabama at Birmingham, School of Optometry, Birmingham, AL, United States, 35290 
2 University of Houston, College of Optometry, Houston, TX, United States, 77204. 
3Foshan University, Department of Photoelectric Technology, Foshan, Guangdong, China, 528000.. 
4University of Houston, Biomedical Engineering, Houston, TX, United States, 77204. 
 
*Corresponding author: MICHAEL D. TWA, University of Houston, College of Optometry, Houston, TX, United States, 77204 mdtwa@uh.edu 
 
Objective: Non-invasive measurement techniques quantifying tissue stiffness are important for diagnosis 
of ocular diseases. Optical Coherence Elastography (OCE) combines stimulation techniques to induce 
mechanical deformation in the tissue, high-resolution optical coherence tomography (OCT) for imaging 
the tissue deformation, and modelling for computation of Young’s modulus from the measured tissue 
deformations. Compared to other elastography techniques (e.g., ultrasound elastography or magnetic 
resonance elastography), OCE has increased spatio-temporal resolution. Current models of OCE use the 
measurements of tissue deformation or shear wave propagation methods to reconstruct the tissue stiffness. 
However, measurements using these methods are confounded by the tissue motions, which could 
influence the interpretation of the tissue stiffness. Since natural frequency is not affected by motion 
artifacts, this measure provides more precise stiffness estimates. Here, we describe a method to measure 
the natural frequency as a part of OCE and its potential to capture tissue elasticity. 

Methods: Agar tissue phantoms of varying concentrations (0.75%, 1%, 1.25%, 1.5%, and 2%) were 
included in our sample in order to mimic a range of tissue stiffness values. A short duration (≤ 1 ms), 
localized (150 µm), and low-force (0–60 Pa or 0.009 PSI) air pulse was used for phantom stimulation. A 
common-path phase-sensitive OCT system captured nanometer scale changes in the phantom, in response 
to the applied force. Phantom stimulation resulted in primary deformation (amplitude between -0.2 and -
4.0 µm) that lasted for 5ms followed by the damped oscillations 20 ms later. A subsequent Fourier 
transform of these damped oscillations revealed a dominant resonant frequency. To test the reliability of 
the dominant resonant frequency measure, we applied a single force (20 Pa) at different locations (0.3 mm 
to 5.3 mm in steps of 1 mm from the excitation point), and different forces (4 Pa to 32 Pa in steps of 4 Pa) 
at a single location (0.3 mm from the excitation point). Separately for each of the concentrations, the 
dominant resonant frequency and the values of the Young’s modulus were computed and correlated.  

Results: When measured from a 2% phantom with an applied pressure of 4 Pa at 0.3 mm from the 
stimulation point, the dominant resonant frequency was 776 Hz. At 2% phantom concentration, this 
frequency remained constant regardless of stimulation pressure or spatial location. With increasing 
concentrations, both the Young’s modulus (from 20.14 kPa to 119.63 kPa; mean CV 5.8%) and the 
dominant resonant frequency (from 127 Hz to 776 Hz) increased. A linear correlation characterized the 
relation between the dominant resonant frequency and the square root of the elastic modulus. 

Conclusions: We demonstrated the use of a phase sensitive OCE system for measuring the dominant 
resonant frequency of soft tissue. Because the measured dominant resonant frequency remained constant 
when measured at different locations and while using different pressure values, it would be reasonable to 
infer that this is the natural frequency of the phantom. The linear correlation between the natural 
frequencies and the square root of the elastic modulus also suggests that stiffness values can be deduced 
from the natural frequency values. Further experiments stimulating the tissue using different frequencies 
and at different spatial locations are required to confirm our interpretations of these observations. 

Funding sources: NIH/NEI R01-EY022362, P30EY07551, P30EY003039; NSFC 61975030, and start-
up/platform funds from Foshan University (Gg07071, Gs06001 and Gs06019). 



Radiolabeled Caspase-3 Substrate for Non-invasive Pharmacodynamic Imaging of Apoptosis by 
PET/CT. 
 
Engel BJ1, Gammon ST1, Chaudhari R2, Lu Z2, Pisaneschi F1, Yang H2, Ornelas A1, Yan V1, Kelderhouse 
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1. Department of Cancer Systems Imaging, The University of Texas MD Anderson Cancer Center. 
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Corresponding Author: Steven W. Millward, Department of Cancer Systems Imaging, The University of 
Texas MD Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX. E-mail: 
smillward@mdanderson.org 
 
 
The ability to quantitatively image apoptosis in vivo enables monitoring of acute cell death pathology and 
efficacy and safety of cancer therapies. Historically this was done with caspase-3 inhibitors binding 
stoichiometrically with activated caspase-3. Instead, we have developed and validated an F-18-labeled 
caspase-3 substrate for PET/CT imaging of apoptosis. This leverages enzymatic turnover to amplify tracer 
retention in apoptotic tissues. 
 
Substrate development was based on the fluoromethylketone dipeptide M808. Lead optimization resulted 
in an O-benzylthreonine-containing substrate 2MP-TbD-MeTE19F with superior caspase-3 cleavage and 
specificity. This compound was radiolabeled on an automated synthesis platform to produce [18F]-TBD, 
which was obtained at 9.8% decay corrected yields with molar activities up to 149 GBq/µmol.  
 
In ovarian cancer cells, [18F]-TBD accumulated in caspase- and cisplatin-dependent fashion. Dynamic 
PET/CT imaging of a Jo2-induced hepatotoxicity mouse model showed increased [18F]-TBD signal in liver 
of Jo2-treated mice compared to controls. In contrast, an uncleavable chemical control radiotracer, [18F]-
TBA, showed no change in liver accumulation from hepatocyte apoptosis. Pharmacokinetic analysis 
indicated that increased [18F]-TBD signal in the liver was driven through a reduction in hepatobiliary 
clearance.  
 
Our dynamic PET/CT data demonstrates that [18F]-TBD provides immediate pharmacodynamic readout of 
liver apoptosis in mice. Further development of the [18F]-TBD tracer is underway to improve substrate 
kinetics and tracer retention. We will additionally expand to other disease states for use as a general purpose 
apoptosis imaging agent. 
 
 
Funding sources for this project included: UTMDACC startup funds (SWM), a UTMDACC Moonshot 
Knowledge Gap Pilot Project (SWM), 1R21CA181994-01 (SWM, ZL), 2R44CA206771 (SWM), and a 
G.E. In-kind Multi-investigator Imaging (MI2) Research Award (SWM). AO was supported by R25T 
CA057730 (Shine Chang). ZL, HY and RB were supported by NCI P50 CA 83639, the National Foundation 
for Cancer Research, philanthropic support from Stuart and Gaye-Lynn Zarrow, the Mossy foundation and 
the Roberson endowment. MD Anderson’s Nuclear Magnetic Resonance Facility and Small Animal 
Imaging Facility (SAIF) are supported by the MD Anderson Cancer Center Support Grant CA016672 
(Pisters). 



Intestinal Epithelial and Immune Cell Response to Enteric Virus-induced Paracrine Purinergic 
Signaling 

Kristen A. Engevik1, Alexandra Chang-Graham1, Melinda A. Engevik2, Jacob L. Perry1, Joseph M. 
Hyser1 

1Department of Molecular Virology and Microbiology, Baylor College of Medicine 
2Department of Immunology and Pathology, Baylor College of Medicine  

Corresponding author: Kristen Engevik, Department of Molecular Virology and Microbiology, Baylor 
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Background: Calcium (Ca2+) is a ubiquitous messenger that influences numerous cellular processes, and 
therefore Ca2+ signaling is tightly regulated by cells. Ca2+ signaling dysregulation results in severe and 
potentially life-threatening diseases, which is exemplified by rotavirus (RV) infection. RV is an enteric 
virus that causes life-threatening diarrhea in children, resulting in ~198,000 deaths each year. 
Pathophysiological consequences of RV infection are widely studied, yet host Ca2+ signaling pathways 
and the mechanisms by which RV exploits them to cause diarrhea remain incompletely characterized. We 
have found that RV infection increases Ca2+ signaling both within infected enterocytes and in surrounding 
uninfected cells through paracrine signaling. This manifests as intercellular Ca2+ waves that originate 
from the infected cell and propagates through uninfected cells mainly through ADP and the P2Y1 
receptor. Hypothesis: We hypothesized that ADP purinergic signaling activate Ca2+ dependent pathways 
in various intestinal cell types, including goblet cells, enteroendocrine cells and macrophages. Methods 
and Results: We generated cell lines and human intestinal enteroids (HIEs) stably expressing cytosolic 
genetically-encoded calcium indicators to characterize calcium signaling throughout RV infection by 
time-lapse imaging. We found that P2Y1-mediated signaling was critical for activation of secretory 
epithelial cells, including induction of serotonin secretion of enterochromaffin cells and mucus secretion 
from goblet cells in human intestinal enteroids (HIEs) and mucin-producing cell lines. In monkey kidney 
MA104, RV-infection chemoattracted RAW and bone-marrow derived macrophages, which also harbor 
the P2Y1 receptor. This effect was blunted by pharmacological inhibitors of the P2Y1 receptor. 
Consistent with our in vitro findings, we observed that murine RV infection promoted secretion of 
serotonin, mucin and accumulation of macrophages. These effects of minimized in the presence of P2Y1 
inhibitors and in P2Y1 knock out mice. Conclusion: Collectively these findings point to the role of 
purinergic signaling and Ca2+ waves in the pathophysiology of RV-infection. Understanding the role ADP 
signaling via P2Y1 receptor plays in RV will provide mechanistic insights into the homeostatic function 
of purinergic signaling in the GI tract. 

Funding: R01 DK115507 (Hyser), T32 DK007664 (Engevik) 



A Novel 13C-Urea Reference to Eliminate 1H Imaging Artifacts in Hyperpolarized 13C MRI Studies  
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Objective: Dual-tuned 13C/1H endorectal coils contain a standard 13C-urea reference which is located in the 
center of the coil head, next to the coil elements. Due to the close proximity to coil elements and high 
amount of Gd+ doping for the purpose of reducing the spin-lattice relaxation time (T1) of urea, the 1H signal 
produced by the urea reference is much greater than that of the tissue of interest. As a result, the large signal 
produced by the urea reference creates imaging artifacts that greatly reduce 1H image quality, thus limiting 
the diagnostic utility of 1H anatomical scans. Therefore, the purpose of this research was to optimize the 
reagents used in a 13C-urea calibration reference for a dual-tuned 13C/1H endorectal coil and thus to eliminate 
imaging artifacts produced during 1H studies that occur post hyperpolarized 13C imaging. 

Methods: Hyperintense ringing artifacts in 1H images were mitigated by reducing the 1H concentration in 
a 13C-urea reference via deuteration and lyophilization. Two samples containing 13C-urea in D2O underwent 
hydrogen exchange to equilibrium followed by one round of lyophilization, with one sample receiving an 
additional round of deuteration and lyophilization. Next, three references were created by re-suspending 
once lyophilized, twice lyophilized, and non-lyophilized 13C-urea in D2O. A fourth reference contained 
non-lyophilized 13C-urea dissolved in distilled H2O. The signal intensity of all four reference was acquired 
using 1H and 13C imaging sequences on a 3T MR platform. Finally, 1H prostate phantom imaging was 
conducted using a dual-tuned endorectal coil to compare image quality and signal intensity of the standard 
urea reference and the twice lyophilized deuterated urea reference. 

Results: Deuteration and lyophilization were fundamental to the reduction of 1H signal and removal of 
hyperintense ringing artifacts. There was a 26 times reduction in mean signal intensity when comparing the 
standard reference to the twice lyophilized reference while the 13C mean signal intensity was unaffected. 

Conclusion: The twice lyophilized deuterated reference eliminated the hyperintense ringing artifacts in 1H 
imaging by reducing the 1H signal produced from the 13C-urea in the reference. The twice lyophilized 
reference is a superior option to replace the standard reference and can be used to improve anatomical image 
quality in future clinical 1H and hyperpolarized [1-13C]-pyruvate MRI prostate imaging studies. 

   

Funding Sources: This project was supported by funding from the National Cancer Institute of the National 
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Background: Tongue movement control is accomplished by the glossopharyngeal (CNIX) and hypoglossal 
(CNXII) cranial nerves. Injury to these nerves can be supra- or infra-nuclear to the brainstem’s medulla 
oblongata, following stroke, brain, or head and neck tumors. The sequelae of CN IX and/or XII injuries can 
result in neuropathic tongue pain, partial paralysis of the tongue, swallowing, mastication, and speech 
impairment. In this study, we applied an fMRI-based brain computer interface with the goal to enhance 
voluntary tongue movement selectivity in each direction in a consistent fashion. This method aims to induce 
upregulation of the Blood-Oxygen-Level-Dependent (BOLD) signal via individualized real-time fMRI 
neurofeedback (iRTfMRI nFb). Our method is based on bypassing the lesioned pathway and providing nFb 
to individualized networks that are intact and can become functionally associated to the lesioned one.  
  

Goal and Hypothesis: The overall goal is to quantify the BOLD neuromodulation generated by iRTfMRI 
nFb for its use in the neuro-rehabilitation of lower cranial nerve injury. The immediate goal of this study is to 
enhance consistency of voluntary tongue movement in four directions in healthy subjects. Our long-term goal 
is to apply this method as a therapeutic modality to patients following sustenance of lower cranial nerve 
injury. We hypothesize that nFb in comparison to control-no nFb will: (i) increase the area under the curve 
(AUC), generated by the BOLD’s percent signal change in somatomotor and attention areas for each of 
the tongue movements, and (ii) decrease the BOLD variance in these same networks. 
 

Methods: Healthy subjects (n=30) participated in a two-day iRTfMRI nFb study. On day one, we decoded 
the individualized cortical patterns generated by tongue movement in four directions (up; down; left; 
right). On study-day two, each subject’s individualized network for tongue movement direction selectivity 
was upregulated using iRTfMRI nFb. The AUC generated by the BOLD’s PSC between nFb and control-
no nFb, was computed using a sensitivity index D prime across networks, as a function of time. We 
measured the difference in the BOLD’s variance for the nFb versus the control across subjects using the 
euclidian distance. We visualized the difference in the nFb and control’s variances using t-SNE, a 
dimensionality reduction technique, which shows that when points are closer together in the 2D graph 
then, their data is more similar to one another. 
 

Results: iRTfMRI nFb is characterized by a somatosensory and somatomotor (intraparietal lobule, basal 
ganglia, thalamus), attention (middle and inferior frontal gyri) and proprioceptive awareness (insula) bilateral 
networks. These areas are significantly activated 16 secs after onset of tongue movement for a total of 20 
secs, as denoted by D prime. To quantify t-SNE variances in each of these networks as a function of time, we 
used the euclidian distance for each nFb-generated network across subjects, which showed a significant 
decrease in variance when compared to the control’s networks for each direction (32% decrease for left; 34% 
for right; 18% for up; 16% for down; p<0.0001). 
 

Conclusions: This study shows that the purposeful induction of upregulation via iRTfMRI nFb can achieve 
enhanced control of voluntary tongue movement in each of the four directions by increasing the AUC and 
decreasing the variance of the BOLD signal. Our quantified findings can lead to clinical applications for the 
neuro-rehabilitation of patients who have sustained lower cranial CNIX and CNXII injury.  
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Background: The glossopharyngeal (CNIX) and hypoglossal (CNXII) cranial nerves control tongue 
movement along with pharyngeal and laryngeal function. Supranuclear or infranuclear injury to these nerves 
as a result of neurological insults, such as stroke, brain, or head and neck tumors, or following radio- and 
chemo-therapy is associated with neuropathic tongue and oral pain as well as partial paralysis of the tongue, 
swallowing, mastication, and speech articulation difficulties. The prevalence of cranial nerve neuropathy can 
be as high as 48% following HNC radiotherapy treatment. In this study, we applied an innovative brain 
computer interface approach with the goal to enhance voluntary movement of the tongue in a consistent 
fashion in healthy subjects. This approach is based on the induction of neuromodulation via individualized, 
real-time functional MRI neurofeedback (rt-fMRI nFb) training. The principle of our innovative method, as a 
treatment regimen is to bypass the lesioned pathway and capitalize on others that are intact and can become 
functionally associated to the lesioned one, as a result of neurofeedback.  
  

Goal and Hypothesis: The overall goal is to develop, optimize, and apply individualized rt-fMRI nFb 
therapeutics to neuro-rehabilitate lower cranial nerve injury. The immediate goal of our study is to enhance 
consistency of voluntary tongue movement in healthy subjects. The long-term goal is to apply this method as 
a therapeutic modality to patients following lower cranial nerve injury associated with oral neuropathic pain. 
Our hypothesis was that nFb in comparison to control-no nFb would increase: (i) the activity of spatial 
patterns that control voluntary tongue movement as evidenced by enhanced classification accuracies 
generated by machine learning approaches, and (ii) the magnitude of the blood-oxygen-level-dependent 
(BOLD) signal in somatosensory and somatomotor regions which control tongue movement. 
 

Methods: Thirty healthy volunteers participated in a two-day rt-fMRI nFb study. On day one, we decoded 
the cortical spatial patterns generated by voluntary tongue activations in four directions (up; down; left; 
right), which were interleaved with periods of tongue-rest. The individualized networks associated with 
each participant’s tongue movement were extracted and used for nFb delivery. On study-day two, we 
delivered nFb to each subject’s individualized network. Linear support vector machine (SVM) was used 
to classify brain patterns associated to each tongue movement generated during nFb and control scans.  
 

Results: Neurofeedback-generated tongue movement is characterized by a somatosensory and somatomotor 
bilateral network, such as the thalamus, basal ganglia, precentral gyrus, insula, as well as attention and 
proprioceptive awareness networks, such as the middle frontal, inferior (opercular) frontal and inferior 
parietal lobule. SVM nFb-generated classification accuracy is higher than control-no nFb (92.87% vs. 
88.12%, p=0.000012). Our findings show that nFb generates greater consistency of controlled tongue 
motor movement in healthy participants.  
 

Conclusions: This study suggests that the purposeful induction of neuromodulation via individualized nFb 
can achieve enhanced control of voluntary tongue movement. This finding has significant implications as a 
neuro-rehabilitation method for patients who have sustained lower cranial CNIX and CNXII injury. 
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Magnetic resonance imaging (MRI) is a well-established imaging modality that has been used for in vivo 
human diagnostics for over 30 years. 19F MRI, as an emerging technique, allows non-invasive image of 
whole organisms with negligible background signal. 19F has favorable NMR properties, including a 
nuclear spin of ½, a Larmor frequency that differs only 6% from 1H, and an 83% sensitivity relative to 1H. 
In a biological context, there is minimal endogenous fluorine MR signal in the body, since all fluorine is 
present in solid ionic form in bones and teeth. This makes this modality especially promising for sensing 
applications as all the observed signal will come from exogenous imaging agents. Paramagnetic metals 
can be used to modulate the relaxation and chemical shift properties of interacting fluorine nuclei via 
Paramagnetic Relaxation Enhancement (PRE) and Pseudocontact Shift (PCS) effects. In the Que lab, we 
are exploiting both metal redox chemistry and coordination changes to design 19F MR-based sensors for 
specific biological analytes.  

Previous work in the Que Lab focused on using Cu2+ATSM, a small molecule that functions via selective 
intracellular accumulation in hypoxic cells following reduction of Cu2+ATSM to [Cu+ATSM] and 
subsequent ligand dissociation. CuATSM-F3, a trifluorinated derivative of CuATSM, which still retained 
hypoxia selectivity (E1/2 = -0.56 V vs SCE), displayed no initial 19F NMR signal; however, upon 
reduction, a robust signal was observed. Moreover, CuATSMF3-Fl, a dual-responsive 19F and 
fluorescence CuATSM derivative, displayed greater than two-fold increase in fluorescence and a sharp 
19F NMR peak in hypoxic HeLa ovarian cancer cells, whereas there was minimal 19F signal in normoxic 
cells. Ongoing work focuses on increasing the fluorine density on the CuATSM scaffold and adding an 
anticancer drug for theragnostic applications.  

We have recently begun developing Ni2+-based scaffolds where the coordination number and spin state of 
the Ni center is modulated in responding to a biological analyte of interest. We report two fluorine-
appending Ni2+ complexes as probes for sensing light irradiation and beta-galactosidase activity 
respectively. These two probes shared a similar square planar coordination geometry and maintain a low 
spin d8 configuration in aqueous environment. Following activation by light irradiation or enzymatic 
digestion, the complexes were converted to a high spin five-coordinated scaffold, in which the relaxation 
times and fluorine chemical shift were significantly modulated compared to the two original probes. The 
dynamics of the probe activation was tracked under both 19F MR spectroscopic and imaging settings. The 
spin state switch was achieved both in test tubes and in live cells. This strategy thus enables expansion of 
our transition metal-based sensing scaffolds into biosensing applications beyond redox. 
 
This work was supported by start-up funds from the University of Texas at Austin and the Welch 
Foundation (F-1883). 
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Magnetic resonance imaging (MRI) is a valuable diagnostic tool, providing high spatial resolution of 
tissues in the body. It is a noninvasive technique that can image various conditions and/or diseases, 
ranging from torn ligaments to tumors. 19F MRI is a promising alternative to conventional 1H MRI due to 
enhanced sensitivity and specificity. There is negligible 19F present in the body, and therefore the 
background signal associated with 19F MRI is essentially nonexistent. This allows for so-called “hotspot” 
imaging of fluorinated MRI agents. 
 
Typical small molecule 19F MRI agents often suffer due to weak signal. A high equivalent fluorine 
content is necessary to obtain a high signal-to-noise ratio. However, increasing the fluorine content of 
small molecules often leads to poor water solubility. To ameliorate this, we propose a fluorous 
nanoemulsion platform, Fluorine Imaging NanoDiagnostics (FINDs). FINDs consist of an inner fluorous 
phase contained within a phospholipid shell. The fluorous phase consists of perfluoro-15-crown-5-ether 
(PFCE) with a small amount of paramagnetic Fe complex added to adjust the relaxation times of PFCE.  
FINDs allow for a high loading of PFCE within a water-soluble emulsion.  PFCE, having 20 equivalent 
fluorine atoms, gives one strong 19F NMR signal.  These factors result in a very high signal-to-noise ratio 
for FINDs. 
 
Recently this chemistry has been extended for incorporation of other metal ions into the inner fluorous 
phases for a range of imaging modalities. Additionally, FINDs have been diversified for a variety of 
bioimaging applications ranging from cell labeling to biomarker targeting. 
 
This work was supported by start-up funds from the University of Texas at Austin and the 
Welch Foundation (F-1883). 
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Background and Purpose: Axonal transport deficiencies are closely correlated to the development of 
neurodegenerative diseases.  The retina is currently used as a clinical readout for early detection of neurodegenerative 
disease. In vivo imaging of retinal axons with neural markers for fast axonal transport can be posed as a clinically 
translational model for studying the early detection of neuropathic disease. The goal of this study was to illustrate 
retinal axonal transport with a fluorescent nerve imaging tracer based on fast axonal transport in control and 
neuropathic eyes.  Our hypothesis was that loss of axonal transport could be an early event in the development of 
neuropathy.   
Methods: Neuropathy was induced in Norway brown rats eyes by injecting NMDA (N-methyl-D-aspartic acid, 80 
nmol/2.5 µl) into the vitreous of one eye and PBS into the contralateral eye as a control. 48 Hours after the NMDA 
injection, a fluorescently labeled neural imaging probe based on the non-toxic, C-fragment of Tetanus Toxin (TTc) 
was injected into the vitreous of both the treated and control eyes (8µg TTc/2µl PBS).  In vivo imaging of the 
distribution of TTc was performed using retinal ophthalmoscopy. Retinas were harvested at 3 hours after TTc 
injections, followed by whole retinal flat mount microscopy. Immuno-histology with antibodies serving as markers 
for retinal axons (anti-SMI32) and retinal ganglion cells (anti-RBPMS) was also performed.  
Results: Axonal TTc co-localizes with the RA neurofilament marker (SMI32) while a selective cytoplasmic marker 
for RGC (RBPMS), confirmed the presence TTc endovesicles in the RGC neural somas.   In contrast, neuropathic 
eyes showed a marked reduction in the RA TTc uptake.  Plotting circular transects around the optic nerve head at a 
radius of 500 µm demonstrated that axonal strand crossings were markedly reduced in retinopathic eyes at 365 ± 41.46 
vs control eyes 479 ± 48.41 (P=0.003).  There is co-localization (Pearson’s r – 0.7+/- 0.05) between TTc and the 
neurofilament marker in the control eye RAs. A relative loss of RA fluorescence in retinopathic eyes showed a 
reduction in co-localization (Pearson’s r – 0.4+/-SD) between neurofilament marker and the neural probe.  Confocal 
cross-sections allowed a quantitative assessment of TTc localization to various synaptic layers of the retina.  Uptake 
in the outer synaptic layer including the RGC layer was 1655.75 ± 470 vs. 686.75 ±109 (P=0.04) for normal vs. 
retinopathic animals a 2.4-fold difference, while uptake in the inner synaptic layer was 932.38 ± 314 vs. 490.38 ±138 
(P=0.04) for a 1.3 fold difference. Cell number, as assessed by nuclear stained TO-PRO-3-Iodide showed no 
significant differences between control and treated eyes for any synaptic layer indicating that loss of neural transport 
was not due to reduced cell numbers or cell death but rather due to a defect in neural transport. 
Conclusion: The retinal uptake and transport of the neural tracer, TTc, could be observed using ophthalmoscopy and 
was markedly different between the normal and neuropathic state.  These findings were confirmed to be specific with 
histologic markers for RAs and RGCs. NMDA induced retinopathy decreases neuronal uptake and transport of TTc, 
indicating that abnormalities of neuronal transport are early events in the development of retinal neuropathy. 
Funding Sources: David Piwnica-Worms, R01 EY019587 and NINDS R01NS070742; Dawid Schellingerhout, 
Foundation R01NS070742 NINDS; William A. Murphy, Dunn Chair Funds, MD Anderson Cancer Center. 
 

 

Retinal transect analysis demonstrating the impact of NMDA on axonal 
transport.   Circular transects are drawn around the optic nerve head with a 
500 µm radius in  control (A) and NMDA treated (B) eyes.  The fluorescent 
intensity plotted along the transect (C) allows an estimate of the number of 
axonal strand crossings, defined as the number of times the intensity graph 
crosses through a baseline moving average fit with vascular structures edited 
out. Please note the greater magnitude of normal versus neuropathic retinas 
and the greater spread of fluorescence intensity of the normal eye around its 
moving average. The number of axonal crossings are plotted and compared 
(D) for n= 5 animals, n=10 paired eyes, and is significantly less for the 
NMDA treated versus normal eye (365 ± 41.46 versus 479 ± 48.41 
crossings) (2-tailed paired T-test, p=0.003). 



 
 



Design and Implementation of a Flexible Imaging Sequence for Pre-Clinical Hyperpolarized 13C 
MRI 

Michel KA1, Walker CM1, Merritt ME2, Bankson JA1 

1. Department of Imaging Physics, The University of Texas MD Anderson Cancer Center 
2. Department of Biochemistry and Molecular Biology, University of Florida 

Corresponding Author: James Bankson, Department of Imaging Physics, The University of Texas MD 
Anderson Cancer Center, 1515 Holcombe Blvd., Houston, TX, jbankson@mdanderson.org 

Introduction 

Imaging methods for hyperpolarized (HP) 13C agents must sample the evolution of multiple chemical 
shifts within a very brief timeframe, which is challenging using conventional imaging methods. Given the 
variety of HP agents available, flexibility in the choice of spatial and spectral encoding strategy is 
desirable.  

Methods 

In this work we created an 
imaging method for 
hyperpolarized imaging with 
flexibility in spatial and 
spectral encoding. This pulse 
program can encode chemical 
shift via spectrally selective 
composite pulses or IDEAL 
encoding, with snapshot 
imaging via flyback and 
traditional EPI. We compared 
the SNR and error 
performance of these 
techniques for encoding position and chemical shift in a typical HP [1-13C] pyruvate imaging scan using 
numerical simulations and phantom experiments. We further demonstrate the flexibility of our method in 
experiments imaging the novel HP agent [2-13C] dihydroxyacetone in the rat liver. 

Results 

In numerical simulations traditional EPI had greater SNR and image fidelity than flyback EPI, and both 
spectral-spatial excitation and IDEAL encoding provided equivalent theoretical SNR performance. 13C 
images of a dynamic enzyme phantom using HP pyruvate and of a rat liver using HP dihydroxyacetone 
demonstrate that our method is adaptable to a wide variety of HP imaging experiments. 

Conclusion 

We have developed and evaluated a method for imaging of hyperpolarized substrates that is readily 
adaptable to various hyperpolarized imaging experiments. 
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Figure 1 Numerical simulations comparing single band spectral-
spatial excitations and multi-echo IDEAL imaging demonstrate 
equivalent theoretical performance for these chemical shift encoding 
techniques. 
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Cell-based therapeutics is an attractive strategy for the long-term management of several human diseases, 
such as cancer and chronic bone disease. Mesenchymal stem cells (MSCs) are a heterogeneous group of 
progenitor cells that can be differentiated into several phenotypes and can promote immune modulation in 
damaged tissues. They have been the subject of recent attention in a variety of pre-clinical models for 
their potential therapeutic effects. The success of cell-based therapies to provide new remedies is highly 
reliant on the viability and reproducibility of cultured cell properties. The capability of MSCs to self-
renew is reflected by their morphological phenotype. Cells that rapidly self-replicate (RS) are spindle-
shaped and fibroblastic, while cells that slowly replicate (SR) are flattened and cuboidal. In addition to 
slow replication, SR cells lose most of their ability to differentiate into multiple cell lineages and promote 
tissue repair. Morphological evaluation can be used as a rapid screening technique to monitor culture 
viability in real-time and minimize the need for time-consuming validation assays during culture 
expansion. 
 
We have developed an image analysis algorithm to quantitatively determine the morphological features 
with the goal of non-invasive and automated prediction of monolayer culture viability. Image Processing 
Toolbox in MATLAB was used to process the cells imaged using phase contrast microscopy. The 
algorithm includes cell segmentation and classification. Initial thresholding is performed for detecting cell 
regions. Cell markers are obtained using local minima within each detected cell region to identify it either 
as an individual cell or a cluster of cells. The individual cells are segmented using region-based edge 
detection while clustered cells are segmented using a marker-controlled watershed method. Features that 
have the potential to describe cell morphology such as circularity, rectangularity, minor axis length, major 
axis length, aspect ratio, and intensity profile are extracted for all the segmented cell objects. Each cell is 
classified as RS or SR phenotype using a logistic regression model that uses the extracted features as 
inputs. 
 
Results were validated via visual inspection from twenty individuals trained to evaluate the 
morphological phenotypes of MSCs. The segmentation algorithm demonstrated an accuracy of 94.03% 
and a mean Dice-Sorensen score of 0.71 across 15 images containing 67 cells. The classification results 
for the test dataset demonstrated an accuracy of 83.33%, an AUC of 0.87 +/- 0.08, and an F-measure of 
0.87. In summary, the proposed technique shows potential to be incorporated into stem cell quality 
control processes. It would also make the morphologic determination quantifiable and consistent for 
various culture protocols to facilitate high-volume stem cell manufacturing. 
 
We gratefully acknowledge financial support from Texas A&M University through the Hagler Institute 
for Advanced Study and the President's Excellence Fund X-Grant. 
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Cigarette Smoke (CS) continues to be a leading cause for decline of quality of life as well as deaths 
globally. CS has been shown to have an association with neuroinflammation and several neurological 
disorders. Mounting evidence indicates a correlation /association between Cigarette Smoke Toxins with 
studies indicating that smoking can aid in blood brain barrier (BBB) impairment by subsequent 
inflammatory activity. While there is indication that CS induces neuroinflammation mediated by 
microglia and BBB breakdown, no focused effort has been taken to understand the role of BBB disruption 
and subsequent gliovascular responses. Thus, there is a lack of studies on the effects of CS on markers of 
neurodegeneration, though epidemiological evidence indicates a potential link. To address this, we 
combine the use of transgenic mouse line (CX3CR1-GFP) with intravital neuroimaging (IN) in an acute 
intra-nasal delivery model of nicotine-derived nitrosamine ketone (NNK). This study focuses on 
investigating the patterns of neuroinflammation caused by NNK across the cerebral cortex using a thinned 
skull cranial window and in-vivo spatiotemporal tracking of microglia movement and vascular function. 
This approach has the potential to reveal a connection between inhaled toxicants, neuronal vulnerability 
and progression of neurodegeneration through use of a CX3CR1 transgenic mouse line (expressing a 
GFP+ microglia). The in vivo tracking of CS effects provided a real time assessment of BBB and 
microglia responses to a common aggressor found in cigarette smoke.  
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Objectives:  Early diagnosis greatly improves prognosis for individuals with lung cancer. Diagnosis with 
CT is not specific to cancer and also detects non-cancerous nodules. In the Southwestern US, early 
diagnosis of lung cancer is confounded by the presence of coccidioidomycosis (valley fever) granuloma. 
The extracellular pH (pHe) may be a useful biomarker that can differentiate lung tumors from lung 
infections.  Tumors generate and export excess lactic acid resulting in acidic pHe in the tumor 
microenvironment. Valley fever fungi excrete ammonia, resulting in alkaline pHe in those lesions. Our 
objective is to employ tissue pHe, measured in vivo with acidoCEST MRI, as a biomarker for the 
differential diagnosis of those conditions.1 

 

Methods:  We used urethane-injected A/J mice as our preclinical lung tumor model. We collaborated with 
the Valley Fever Center of Excellence at the University of Arizona to infect Balb/c mice with a BSL 2 
compatible mutant coccidioides strain, Δcps1,for our preclinical valley fever model. All MRI scans were 
performed using a Bruker Biospin 7T small animal MRI. AcidoCEST MRI was performed using 370 
mgI/mL Iopamidol (200 µL IV bolus, 400 µL/hr IV infusion), with a 2.8 µT, 6s presaturation pulse, and 
300 ms FISP acquisition), according to previously published methods that were updated with improved 
respiration gating.2  The saturation pulse continued until terminated by the gating trigger. 
 

Results: CT and anatomical MRI were not able to clearly distinguish between granulomas and tumors.  
AcidoCEST MRI was successfully applied to the in vivo imaging of murine lung tumors and valley fever 
nodules. Lung tumors from 7 mice had a mean pHe of 6.80 ± 0.15 pH units and granulomas from 5 mice 
had a mean pHe of 7.28 ± 0.06 pH units (p<0.0001).  The median pHe value of all lung tumors were less 
than the median pHe values of all granulomas, indicating 100% specificity for differentiating lung tumors 
from granulomas using acidoCEST MRI.  The larger distribution of pHe values in lung tumors vs. 
granulomas may reflect the well-known heterogeneity in tumors. 
 

Conclusions:  Using murine models of lung adenocarcinoma and coccidoidomycosis, we found that 
average lesion pHe differed significantly between tumors and granulomas.  Based on these initial results, 
acidoCEST MRI is a very promising tool for the differential diagnosis of lung cancer and lung infection.  
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Anesthesia such as ketamine and isoflurane are often used in preclinical studies that incorporate 
mouse or rat models.   However, there are multiple reports indicating that anesthesia will also 
have a significant impact on the physiology of any system.  For example, anesthesia is a 
confounding factor in animal brain functional MRI studies due to the interference of anesthesia1–

3.   The most commonly used anesthetic gas, isoflurane has also been shown to induce the 
relaxation of blood vessels by acting on and interfere with calcium signaling by blocking calcium 
channels in vascular smooth muscle4–6.  Thus, there has been great interest in performing studies 
in awake, unanesthetized animals.  In this project, we have significantly modified the rat holder 
described in Stenroos et al to accommodate mice, specifically in Bruker systems7.  We have also 
established a successful conditioning paradigm.   We have obtained anatomical images as well 
as compared 31P spectra and also Manganese Enhanced MRI (MEMRI) transport rates in awake 
animals.   Our data demonstrate significant differences in 31P spectra and MEMRI transport rates 
in anesthetized compared with awake animals.   These data emphasize the importance of 
pursuing functional studies in unanesthetized animals.     
 
 
 
 
 
 
 
 
 
 
 
 
 
Funding:   5R01EB026453 (MA, RGP, JY); Mrs. Clifford Elder White Graham Endowed Research Fund (RGP); 
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a. b. Figure 1:  a). awake mouse in standard holder;  b). awake 
mouse in our newly designed holder;   
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Background: Nonalcoholic steatohepatitis (NASH) is an increasing chronic liver disease in US 
characterized by steatosis, inflammation, and ballooning degeneration that may lead to fibrosis (~15%). 
Resident macrophages present in the liver, comprise ~20% of non-parenchymal cells. Once activated, 
they recruit infiltrating monocyte-derived macrophages, and together they influence the hepatic 
microenvironment and development of fibrosis. Patients with NASH have variable levels of fibrosis 
progression. We hypothesized that the heterogeneity of liver macrophages determines the variability in 
the fibrosis progression in patients with NASH. 
 
Methods: We used multiplex immunofluorescence and spectral imaging microscopy to evaluate macs 
from different origins and activation; including, KCs (CD68+), monocyte-derived (Mac387+), pro-
fibrogenic (CD163+) macs and their co-expression of pro- (CD14) and anti- (CD16) inflammatory 
markers. These markers were analyzed in human liver biopsies collected from patients with NASH and 
either minimal (n=6; stage:0-1) or advanced (n=5; stage:3.5-4/4) fibrosis. NanoString technology was 
used to evaluate selective gene expression patterns of macs in the same biopsy. We used advanced 
imaging software (Visiopharm) to visualize differences between the two patient groups by comparison of 
t-distributed stochastic neighbor embedding plots (t-SNE) and phenotype matrices.  
 
Results: Our results suggest that patients have variable macs phenotypes in their liver depending on their 
propensity to develop hepatic fibrosis.  Patients with minimal fibrosis showed a more protective gene 
expression profiles with increased CD14+ macs. Patients with advanced fibrosis had significantly 
increased numbers of pathogenic pro-inflammatory and pro-fibrotic macs phenotypes (e.g., Mac387+, 
CD68+/CD14+/CD163+/Mac387+, CD16+/CD163+/Mac387+, CD163+/Mac387+, 
CD68+/CD16+/CD163+) and increased expression of genes associated with mixed macs activation (e.g., 
HLADR, IL1β, TNFα, COX-2, Dectin-1, CD209, PI3K/AKT3, IL10R). However, when we analyzed 
each patient’s liver biopsy on an individual basis, subtle variations were observed between the patients in 
each group. Thus, the phenotype of macs in patients with NASH is complex and is only partially 
associated with fibrosis stage.  
 
Conclusions: Multispectral imaging analysis of intrahepatic macrophages is a useful tool to characterize 
intrahepatic macrophages and it successfully identified several pathologic populations in patients with 
advanced fibrosis when compared to those with minimal fibrosis. However, a more personalized approach 
may be necessary when analyzing these complex populations in patients with NASH in order to 
accurately predict the risk of developing hepatic fibrosis. 
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Objectives: Metabolic imaging has the potential to benefit patient care through the early detection of 
tumors as well as rapid assessment of therapy since changes in cancer metabolism often precede tumor 
growth. By enhancing the MRI signal of injectable metabolic substrates by over 10,000-fold, a novel 
imaging technique, known as hyperpolarized MRI, allows for the real-time imaging of metabolic 
pathways in vivo. We hypothesize that hyperpolarized MRI can detect significant changes in pyruvate-to-
lactate conversion prior to significant changes in tumor volume measured with conventional MRI. 
 
Methods: Athymic mice were intracranially injected with either patient-derived glioma sphere-forming 
cells (GSC) or PBS, which served as controls. The median survival of tumor-bearing mice was 34 days. 
Every 3 days, tumor volume was measured with T2-weighted MRI. Then every 7 days, hyperpolarized 
MRI experiments were performed to measure the real-time conversion of injected [1-13C] pyruvate into 
lactate in vivo. This conversion was quantified by the metric, nLac, which is the time-integrated ratio of 
lactate:lactate+pyruvate signal. In half of the mice, tumors were irradiated to 5 Gy on Days 25 and 27. 
Again, tumor volume was measured every 3 days, and on Days 41 and 48, hyperpolarized MRI 
experiments were performed. Following each of the hyperpolarization experiments, tumors were excised 
and prepared for NMR spectroscopy to study global, steady-state metabolism.  
 
Results: During tumor growth, hyperpolarized MRI experiments revealed significant increases of nLac in 
tumor-bearing mice compared to healthy controls beginning at Day 14. Tumor volume was not 
significantly larger than baseline volume until Day 23- over a week after an increase in nLac was 
detected. From the NMR experiments, the amino acids valine, alanine, and glycine as well as 
phosphocholine were all increased in tumors compared to healthy brain by Day 34. In the cohort of mice 
treated with radiotherapy, tumor volume shrunk considerably, and by Day 48, nLac was significantly 
decreased compared to untreated tumors. The same ex vivo metabolite concentrations mentioned above 
were significantly reduced in tumors treated with radiotherapy compared to untreated tumors.  
 
Conclusion: The results from these experiments demonstrate the power of hyperpolarized MRI with 
regards to early detection and determination of treatment response. Hyperpolarized MRI was able to 
detect significant changes of pyruvate-to-lactate conversion in vivo prior to significant changes in tumor 
volume measured with conventional MRI. This correlation of pyruvate-to-lactate conversion to tumor 
growth and regression could be a consequence of the Warburg effect. This is reflected in the steady-state 
metabolism results from NMR analysis which revealed higher amino acid buildup as well as elevations in 
the cell membrane precursor, phosphocholine. Through these hyperpolarization and NMR experiments, it 
is apparent that metabolic imaging possesses significant clinical value and can provide patients with the 
time they need to be optimally treated.    
 
This work was supported by Brain SPORE Developmental Research Award and CPRIT Research 
Training Award (RP170067). 
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There is a push to incorporate quantitative imaging to increase the specificity of abbreviated dynamic 
contrast-enhanced (DCE) MRI of the breast for cancer diagnosis; however, quantitative imaging is limited 
by the spatio-temporal resolution of the scan data. Here we investigate the ability of compressed sensing 
with deep image prior (CS-DIP) to reconstruct DCE-MRI scans without sacrificing spatial information of 
anatomical structure and subsequent quantitative information. Quantitative imaging involves the analysis 
of parameters acquired from fitting perfusion models to DCE-MRI time courses, which is performed in 
this study using the standard Kety-Tofts (SKT) model. The goal of this work is to develop a proof-of-
concept pipeline for analyzing the output of quantitative analysis using CS-DIP in image space. 
 
We choose two representative patient DCE-MRI data sets, which include one malignant case and one 
benign outcome from our internally collected database. We retrospectively undersample the data from 
each patient frame-by-frame in image space by randomly sampling 1/8, 1/4, and 1/2 of the total pixels, 
respectively. Then, each set of measurements is inputted into the CS-DIP algorithm, which outputs a 
reconstruction of the corresponding image frame from which the set of measurements was collected. 
These reconstructions are compared against the original images by computing the average error per image 
frame. Finally, the three variations of reconstructed time course for each patient are fit to the SKT model 
to acquire quantitative parameters of the regions of interest that are then compared to original values.  
 
Preliminary results suggest that CS-DIP can reconstruct anatomical structures with as few as 1/8 of the 
total measurements (Figure 1) with an average error per frame of approximately 10%. Error in 
quantitative parameter maps is smoother and lesser with more measurements. We are working on 
replicating this proof-of-concept study using Fourier coefficients as measurements in lieu of image space 
measurements. The final goal is to design a high temporal resolution acquisition scheme that uses CS-DIP 
to recover lost spatial resolution by training the CS-DIP neural network with a pre-contrast image.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Funding sources: NCI U01CA142565, U01CA174706, CPRIT RR160005 

Figure 1. Reconstruction from1/8 
measurements of time course of 
central slice of benign patient. (A) 
Original image. (B) Reconstructed 
image. (C) Original pre-contrast 
image subtracted from original post-
contrast image. (D) Reconstructed 
pre-contrast image subtracted from 
reconstructed post-contrast image. 
Red circles highlight areas of 
enhancement. 
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Fluorinated probes for magnetic resonance imaging (MRI) are useful in generating images inside living 
organisms with no observable background signal. One of the major limitations of current MRI technology 
is that the necessity to know the concentration of the contrast agent. A recent report describing a 
concentration-independent fluorinated EuII-based redox-active multimodal contrast agent for MRI inspired 
us to synthesize europium-based complexes containing different amounts of fluorine atoms to find the 
ability to measure hypoxia. With a series of agents, we developed a hypoxia index by mixing reduced and 
oxidized samples of the contrast agent and measuring T1 and the number of fluorine atoms. We expect that 
ratiometric probes will enable mapping of hypoxic regions of tumors independent from the concentration 
of the probes. I will present the synthesis and characterization of divalent- and trivalent- europium-based 
complexes having different number of fluorine atoms and measurement of their hypoxia indices. 
Ratiometric imaging studies have been performed for some of the complexes. Preliminary results indicate 
that the probes will enable mapping of hypoxic regions without knowledge of the concentration of the 
contrast agent. In combination with hypoxia index and fluorous interactions, we assume that fluorinated 
MRI probes will contribute to build a new platform to improve imaging of hypoxia.  
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Hyperpolarized pyruvate is being explored as a quantitative imaging biomarker of metabolism. Non-ideal 
slice excitation of hyperpolarized magnetization can result in temporally evolving slice profiles. This 
work evaluates the impact of slice profile on quantitative analysis of hyperpolarized pyruvate using a 
perfused Bloch-McConnell simulator.  Results indicate that the slice profile can cause significant bias in 
the measured apparent metabolic exchange constant. Primary sources of bias are excess signal from the 
slice penumbra, and the offset between metabolite slices. To correct for these effects, the expected multi-
slice profile is used to decompose the measured hyperpolarized signal during pharmacokinetic analysis. 
This method was compared via simulation against conventional fitting where each slice is assumed to 
have an ideal profile with the prescribed excitation angle. The multi-slice decomposition method reduced 
error in the apparent rate constant for conversion of HP pyruvate into lactate. 
 

 
Figure 1. Measured and simulated slice profiles. Panel A shows the measured and simulated slice profile 
for a single slice 90° excitation 30 mm slice through water. Panels B-D show measured (panel B), and 
simulated (panel C) slice profiles from HP pyruvate with a 20 mm slice, 20° excitation angle and 1 
second repetition time. The measured and simulated cumulative slice profiles are overlaid in panel D. 
Panels E-F show similar plots to B-D but with a 60° excitation angle. 
 
This work was supported in part by the National Cancer Institute of the National Institutes of Health 
(P30-CA016672, R01-CA211150), GE Healthcare and the Cancer Prevention and Research Institute of 
Texas (RP170366).  The content is solely the responsibility of the authors and does not necessarily 
represent the official views of these agencies. 
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Fluorescence microscopy provides a unique combination of molecular selectivity, sub-cellular resolution 
and biological compatibility for cancer research. Recent advances in microscope designs and specimen 
preparation methods are generating new insights into cancer cell signaling, inter-cellular communication, 
target discovery and validation, tumor microenvironment, metabolism and immunology. Super-resolution 
microscopes use novel fluorophores, optics and image acquisition methods to image molecular assemblies 
and subcellular structures well beyond the resolution limit of optical diffraction. In conjunction with 
genetic and molecular labeling strategies, FRET-based methods allow the dynamic imaging of inter-
molecular interactions. Next generation multiphoton microscopy methods combine new probes with 
lifetime methods to track the behavior of individual cells in tumor oxygen gradients in vivo. 
 
The mission of Advanced Microscopy Core (AMC) is to enhance the basic and translational cancer 
research by providing access to instrumentation, expertise and collaboration in advanced fluorescence 
microscopy methods. 
 
Current services include:  
3-D Super-Resolution Imaging by Structured Illumination Microscopy (SIM) 
3-D Super-Resolution Imaging by Molecular Localization (STORM/PALM/GSD) 
3-D Laser Scanning Confocal Microscopy with Spectral Deconvolution 
Intravital Multiphoton (2-photon) Microscopy 
Intravital 2-Photon Phosphorescence Lifetime Imaging of Oxygen (FaST-PLIM) 
Subcellular Trafficking Imaging by Fluorescence Recovery after Photobleaching (FRAP) 
Dynamic Cell Membrane Imaging by Total Internal Reflection (TIRF) 
Molecular Interaction Imaging by Förster Resonance Energy Transfer (FRET) 
Multidimensional Image Analysis 
Visualization, Quantification and Object Tracking 
Imaging Project Consultation and Grant Collaboration. 
 
Contact: M. Anna Zal, mazal@mdanderson.org, tel. 713-563-7306 
https://mdanderson.ilabsolutions.com/service_center/4846 
 
Funding sources: NIH S10 RR029552, MDA Provost Office (2009-2012), MDA CSO Office (since 2018) 


	Guide Cover Sheet TI 2019
	Agenda for Guide TI 2019
	Gore bio AND ABSTRACT
	Gaber bio AND ABSTRACT
	Hazle Bio AND ABSTRACT
	Gabr bio AND ABSTRACT
	Louie bio AND ABSTRACT
	Patel bio AND ABSTRACT
	Mota bio AND ABSTRACT
	Koretsky Bio AND ABSTRACT
	Bankson bio AND ABSTRACT
	Pautler bio AND ABSTRACT
	Narayana Bio AND ABSTRACT
	Veiseh Bio AND ABSTRACT
	Roysam bio AND ABSTRACT
	Eary bio
	Poster Presenters TI Oct 2019
	Submitted Abstracts.pdf
	Borner TI 2019
	Duvvuri Surya Sai Chaitanya TI 2019
	Engel Brian TI 2019
	Engevik_Kristen_TI 2019
	Harlan Collin TI 2019
	Hekmati TI 20109
	Huynh_Duong_TI_2019
	Kadakia_RT_Xie_D_TI_2019
	King_TL_TI_2019
	Le Roux.Lucia TI 2019
	Michel_Keith_GCC_TI_2019_abstract
	Mota SakinaMohammed TI 2019
	Ochoa Lorenzo F. TI 2019
	Pagel Marty TI 2019
	Patel_Ivany_TI_2019
	Saldarriaga Omar TI 2019
	Salzillo_Travis_TI_2019
	Slavkova_Kalina_TI_2019
	Subasinghe Amali TI 2019
	Walker Chris TI 2019
	Zal Tomasz TI 2019




