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5701 Marinelli Road, Rockville MD 20852

Mon, May 1st
Note: All times are ET
Welcome & ERCC Overview

8:15 a.m. Badge pickup

8:30 a.m.

8:45 a.m. ERCC2 goals & accomplishments - Louise Laurent & Saumya Das (ERCC2)

Session I:  Carrier Sorting Technologies & Applications I Session Chairs: Angela Zivkovic & Meenu Srinivasan

9:05 a.m.

9:25 a.m.

9:45 a.m.

10:05 a.m. Break & Networking (30 min)

10:35 a.m.

10:55 a.m.

11:15 a.m.

11:35 a.m.

11:55 a.m.

12:05 p.m. Lunch, Networking, Posters (unattended) (90 min)
12:45 - 1:15 p.m.

Sesson II:  ERCC Resource & Technology Showcase Session Chairs: Jeff Franklin & Olesia Gololobova

1:35 p.m.

1:55 p.m.

2:15 p.m.

2:35 p.m.

2:55 p.m.

3:05 p.m.

3:15 p.m. Break & Networking (30 min)

Plenary Speaker Introduction: Saumya Das

4:15 p.m.

4:45 p.m.

Session III:  Poster session
5:00 p.m. Poster Sesssion, Main Ballroom, Salon C

6:30 p.m. Day 1 adjourns

Jessie Arce (ERCC2), Dept. of Molecular & Human Genetics, Baylor College of Medicine:
The NanoFlow Repository: a resource for sharing standards-compliant metadata and data for flow cytometry experiments 
involving extracellular vesicles and other particles

NIH Extracellular RNA Communication Consortium
ERCC Program Closeout Meeting

May 1-2, 2023

Hsueh-Chia Chang (ERCC2), College of Engineering, University of Notre Dame:
High-throughput purification, fractionation and characterization of extracellular vesiclesand nanoparticles for diagnostic and 
therapeutic applications

Robert Coffey (ERCC2), Dept. of Cell & Developmental Biology, Vanderbilt University:
Extracellular vesicles and nanoparticles: Emerging complexities

Bethesda North Marriott Conference Center, Main Ballroom, Salons A & B

Danilo Tagle, Director, Office of Special Initiatives, National Center for Advancing Translational Sciences, NIH:
Opening remarks & ERCC overview

Louise Laurent (ERCC2), Dept. of Obstetrics, Gynecology & Reproductive Sciences, UC San Diego:
Developing an immunomagnetic separation strategy for mapping extracellular vesicle heterogeneity

Bogdan Mateescu (ERCC2), Brain Research Institute, Universit of Zurich:
PRISM: Purification of exRNA by Immuno-capture and Sorting using Microfluidics

Ken Witwer (ERCC2), School of Medicine, Johns Hopkins University:
Asymmetric flow field-flow fractionation for separation of exRNA carriers: Blood plasma lipoproteins and extracellular vesicles

Daniel Chiu (ERCC2), Depts. of Chemistry & Bioengineering, Univsersity of Washington:
Digital flow cytometry for the analysis of single extracellular vesicles and particles

Shannon Stott, Center for Engineering in Medicine & Surgery, Massachusetts General Hospital:
Microfluidics for cell-specific EV isolation

Justin Chang (ERCC2), Dept. of Molecular Biophysics & Biochemistry, Yale University:
Visualizing dimensionally-reduced Atlas data: the exRNA Explorer tool

Aleks Milosavljevic (ERCC2), Dept. of Molecular & Human Genetics, Baylor College of Medicine:
Untangling the complexity of EVs and their cargo using the exRNA Atlas

Justus Ndukaife, Dept. of Electrical Engineering, Vanderbilt University:
Next generation optical nanotweezers for unraveling the heterogeneity of extracellular vesicles and particles (EVPs)

Ontology Discussion

Plenary Speaker: Eduardo Marbán, Smidt Heart Institute, Cedars-Sinai Medical Center:
Novel ncRNA drugs bioinspired by EV contents

Day 1 Summary

Sharon Stack, Harper Cancer Research Institute, University of Notre Dame:
Application of Asymmetric Nanopore Membrane (ANM) technology to evaluate extracellular vesicle-mediated tumor-host 
communication

Joel Rozowsky (ERCC2),  Dept. of Molecular Biophysics & Biochemistry, Yale University:
Integrative analysis of extracellular RNA profiles and associated tools for analyzing exRNA sequencing data

Roger Alexander (ERCC2), Extracellular RNA Communication Consortium:
Overview of ERCC2 technology development



5701 Marinelli Road, Rockville MD 20852

Tue, May 2nd
Note: All times are ET
Welcome NIH: Opening Remarks & ERCC Overview

8:30 a.m.

Session IV Carrier Sorting Technologies & Applications II Session Chairs: Bogdan Mateescu & Marsalas Whitaker

8:45 a.m.

9:05 a.m.

9:25 a.m.

    REMOTE     9:45 a.m.

10:05 a.m.

10:25 a.m. Break & Networking 30 min

10:55 a.m.

11:15 a.m.

11:35 a.m.

   REMOTE   11:55 a.m.

12:15 p.m.

12:35 p.m. Lunch, Networking, Posters (unattended) (90 min)

Session V:  ExRNAs as Biomarkers     Session Chairs: Jennifer Jones & Jack Zheng

2:05 p.m.

2:25 p.m.

2:45 p.m.

3:05 p.m.

3:25 p.m. Break 10 min

Session VI:  Remaining Challenges and Future of the Field Moderators: Matt Roth & Ken Witwer
3:35 p.m. Panel discussion. Panelists:  Eduardo Marban, Shannon Stott, Justus Ndukaife & Sharon Stack

4:30 p.m.

4:45 p.m. Meeting adjourns

6:30 p.m. Close-out ERCC dinner – All invited; self-pay

An Hendrix, Laboratory of Experimental Cancer Research, University of Ghent:
A versatile toolbox for a comprehensive view on extracellular vesicles
Steven A. Soper, Center of BioModular Multi-scale Systems for Precision Medicine, University of Kansas
Mixed-scale fluidic systems for the high efficiency selection of disease-associated EVs and their subsequent analysis for disease 
management

ERCC Program Closeout Meeting
May 1-2, 2023

NIH Extracellular RNA Communication Consortium

Ionita Ghiran (ERCC2), Beth Israel Deaconess Medical Center:
Identification of post-transcriptional modifications in nucleic acid sequences using purpose-designed molecular beacons

Gijung Kwak, Center for Nanomedicine, Johns Hopkins University:
Extracellular vesicle-associated adeno-associated virus for inhaled gene delivery

Giovanni Camussi, Dept. of Medical Sciences, University of Turin:
Edible plant-derived extracellular vesicles as a carrier for an oral SARS-COV-2 vaccine

Priyanka Gokulnath (ERCC2), Cardiovascular Research Center, Massachusetts General Hospital:
Extracellular vesicle microRNA cargo drives ventricular arrhythmia in heart failure patients by recapitulating developmental genes

Dennis Jeppesen (ERCC2), Dept. of Cell & Developmental Biology, Vanderbilt University:
Ubiquitination of extracellular proteins is specific for tetraspanin-enriched small extracellular vesicles

Christine Happel, Office of Special Initiatives, National Center for Advancing Translational Sciences (NCATS), NIH:
Closing Remarks

Tijana Jovanovic-Talisman (ERCC2),  Dept. of Cancer Biology and Molecular Medicine, Beckman Research Institute, City of 
Hope:
Integrated computational, "omics," and imaging approaches to high resolution identification of tissue-specific EVs

Desmond Brown, Neurosurgical Oncology Unit, Surgical Neurology Branch,
National Institute of Neurological Disorders and Stroke: 
Primary cilia: Exploitable glioblastoma signaling hubs

Eduardo Reategui (ERCC2), Dept. of Chemical & Biomolecular Engineering, Ohio State University:
RNA characterization in single extracellular vesicles and particles from complex biofluids for cancer diagnostics

David Routenberg (ERCC2), Meso Scale Diagnostics:
Identification and isolation of EVs with multi-marker signatures

Jeff Franklin (ERCC2),  Dept. of Cell & Developmental Biology, Vanderbilt University: 
Overview of ERCC2 benchmarking studies: Complementary technologies to analyze a colorectal cancer cell secretome

Tony Jun Huang (ERCC2), Pratt School of Engineering, Duke University:
Acoustofluidic technologies for the manipulation of cells and extracellular vesicles

Julie Saugstad, School of Medicine, Oregon Health & Science University:
miRNAs as biomarkers for and mediators of Alzheimer’s Disease

Bethesda North Marriott Conference Center, Main Ballroom, Salons A & B

Patricia Labosky, Office of Strategic Coordination – Common Fund
Division of Program Coordination, Planning, and Strategic Initiatives, Office of the Director, NIH:
Opening Remarks



NIH Extracellular RNA Communication Program Overview 

The NIH Common Fund Extracellular (exRNA) RNA Communication program (https://commonfund.nih.gov/exrna) 

was established in 2012 to uncover fundamental principles of exRNA generation, secretion, and transport; 

identify and develop a catalog of exRNA found in normal human body fluids; and investigate the potential for 

using exRNAs in the clinic as therapeutic molecules and/or biomarkers of disease.  The ERCC is funded via the 

Cooperative Agreement mechanism, which allows NIH program staff to assist, guide, coordinate, and participate 

in project activities. 

ExRNAs can act as endocrine signaling molecules, both locally and systemically, representing a novel paradigm 

in intercellular communication. ExRNAs are transported in body fluids in association with an array of carrier 

vehicles of varying complexity including extracellular vesicles (EVs), ribonucleoproteins (RNPs), and lipoproteins 

(LPPs). While these carriers (EVs, RBPs, and LPPs) share the functional attribute of protecting exRNAs from 

degradation by ubiquitous extracellular RNAses, their respective contributions to biodistribution, uptake, and/or 

function of their respective exRNA cargo in target cells is less clear. In humans, exRNAs have been found in 

virtually all body fluids examined, including blood, saliva, urine, breast milk, cerebral spinal fluid (CSF), amniotic 

fluid, semen, ascites, and pleural effusions. Reports in the literature suggest that exRNAs can have both 

protective and pathogenic roles in a variety of human diseases, and concomitantly serve as biomarkers for 

disease states. Taken together, the above findings highlight the important role secreted exRNAs have in 

regulating human health and disease.  A brief overview of exRNA communication is presented in the video 

“Unlocking the Mysteries of Extracellular RNA Communication”. 

Stage 1 of the program defined many fundamental principles of exRNA biogenesis, distribution, uptake, and 

function.  The ERCC developed the tools to enable these studies, and generated a reference catalog of exRNAs 

found in a variety of body fluids.  They also developed a community resource, the exRNA Atlas, to provide access 

to exRNA data, standardized exRNA protocols, and other useful tools and technologies generated by the exRNA 

consortium.  

Since the program was founded, awardees have published over 740 peer-reviewed publications, including 

numerous publications describing refinement of protocols. They have generated over 7,500 samples in 29 

datasets totaling more than 39.94 billion RNA-seq reads.  They have published 8 software packages and 49 

protocols, all of which have been made available through the exRNA Portal (exRNA.org) and exRNA Atlas 

(exRNA-Atlas.org).  They also published a landmark collection of papers released April 4, 2019 on the biology and 

possible clinical applications of exRNA in the Cell family of journals, available at 

https://www.cell.com/consortium/exRNA. 

https://commonfund.nih.gov/exrna
https://www.youtube.com/watch?v=bfMg3RhxNm8
https://exrna-atlas.org/
file://nidawfsprd06/Home/johnstonnc/exRNA/exRNA%20Stage%202%20EPC/exRNA.org
file://nidawfsprd06/Home/johnstonnc/exRNA/exRNA%20Stage%202%20EPC/exRNA-Atlas.org
https://www.cell.com/consortium/exRNA


NIH Extracellular RNA Communication Stage 2 

While significant strides have been made in the field of exRNA biology, specific technological challenges remain. 

For example, RNA concentrations in biofluids are significantly lower than in tissues, necessitating the development 

of improved methods for their isolation and analysis. Currently available separation approaches are time-

consuming and do not adequately discriminate exRNAs encapsulated in EVs from exRNAs associated with non-

vesicular RNPs or LPPs.  Ultimately, this can lead to unintended biases in exRNA population profiling based upon 

the specific isolation method used.  Further, little is known about the normal physiology of exRNAs, the functional 

consequences of exRNA uptake, or deficiency of uptake, by recipient cells, and the level of variation existing at the 

subpopulation level in both normal and disease states. These technological impediments limit the utility and impact 

of current efforts to catalog exRNAs and assess their contribution(s) to human health and disease. 

These technology challenges will be addressed in the second stage of the NIH Common Fund exRNA 

Communication Program.  Development of these tools, technologies, and resources will complement Stage 1 

deliverables and fill remaining knowledge and technology gaps. As in Stage 1, awardees from all 3 initiatives have 

formed a consortium, with the overarching goal of determining fundamental principles associated with exRNAs. 

Comparisons across studies are essential to establish these cross-cutting principles so investigators must be 

willing to act as part of the consortium.  Meeting the goals of the Stage 2 Initiatives will have a transformative effect 

on the field of exRNA biology as this will enable a greater understanding of the fundamental role of exRNAs in 

intercellular signaling and the translational potential to diagnose and treat diseases. 

The exRNA Stage 2 Initiatives include: 

a) The Data Management and Resource Repository (DMRR), which will continue to develop the exRNA Atlas,

curate and disseminate information regarding critical reagents and resources, as well as facilitate cross-project

collaborations (RFA-RM-18-026)

b) Developing improved separation technologies to rapidly and reproducibly sort exRNA carrier vehicles (EVs,

RBPs, and LPPs) and identify their respective exRNAomes and associated molecular cargo. (RFA-RM-18-027)

c) Developing single EV isolation and analysis tools to assess exRNA heterogeneity and enable mapping exRNAs

to their cell or tissue of origin (RFA-RM-18-028)

This initiative is funded through the NIH Common Fund, which supports cross-cutting programs that are expected 

to have exceptionally high impact. All Common Fund initiatives invite investigators to develop bold, innovative, and 

often risky approaches to address problems that may seem intractable or to seize new opportunities that offer the 

potential for rapid progress. 

https://grants.nih.gov/grants/guide/rfa-files/rfa-rm-18-026.html
https://grants.nih.gov/grants/guide/rfa-files/RFA-RM-18-027.html
https://grants.nih.gov/grants/guide/rfa-files/RFA-RM-18-028.html


Programmatic Goals 
Data Management and Resource Repository (DMRR) on Extracellular RNA (U54)  
Program Director - John Satterlee, Ph.D., NIDA  
The DMRR will serve as a community-wide resource for data, protocols, and standards. It will coordinate 
across the CF Consortium of investigators to ensure data are comparable and to facilitate collaborations. It 
will develop an outward facing community resource website for easy access to CF-generated data, tools 
and ultimately, for data generated by the community at large. It will develop rigorous quality control 
measures of the data it stores. It will provide computational tools to enable the average investigator to 
query the data. It will also serve the CF consortium by organizing steering committee and grantees 
meetings. It will organize workshops and community outreach activities as necessary to develop a "field" of 
exRNA researchers and to disseminate new tools, technologies, and data. This Limited Competition 
Funding Opportunity Announcement (FOA) invited an application from the currently funded NIH Common 
Fund-supported Extracellular RNA Communication Consortium (ERCC) Data Management and Resource 
Repository (DMRR) to support Stage 2 efforts of this program.  The overall programmatic goal of the 
DMRR is to integrate the efforts of all funded components of the ERCC and serve as a community-wide 
resource for extracellular RNA (exRNA) standards, protocols, and data. In 2020, the DMRR was awarded 
additional funds for data integration efforts from Stage 1 and 2 of the ERCC. 

Advancing Extracellular RNA (exRNA) Communication Research: Improved Isolation and Analysis 
of exRNA-Carrier Subclasses (UG3/UH3 Clinical Trial Not Allowed) 
Program Director - T. Kevin Howcroft, Ph.D., NCI  
Circulating extracellular RNAs (exRNAs) can act as endocrine signaling molecules, both locally and 
systemically, representing a novel paradigm in intercellular communication. ExRNAs are transported in 
body fluids in association with a variety of carrier vehicles of varying complexity including extracellular 
vesicles (EVs), ribonucleoproteins (RNPs), and lipoproteins (LPPs).  These distinct carriers protect exRNAs 
from degradation and are thought to contribute to the biodistribution, uptake, and functional impact of 
exRNAs in target cells.  The overarching goal of this Funding Opportunity Announcement (FOA) is to 
develop and evaluate innovative separation tools, technologies, and approaches that will enable the 
scientific community to rapidly and reproducibly sort complex biofluids into homogenous carrier populations 
of EVs, (including EV subsets), RNPs, and LPPs, and that also support high-throughput isolation and 
analysis of their extracellular RNA content and associated molecular cargo. 

Advancing Extracellular RNA (exRNA) Communication Research: Towards Single Extracellular 
Vesicle (EV) Sorting, Isolation, and Analysis of Cargo (UG3/UH3 Clinical Trial Not Allowed) 
Program Director - Danilo Tagle, Ph.D., NCATS 
The ability to isolate and analyze single EVs and their cargoes from human biofluids would provide a 
unique opportunity to understand the cell or tissue from which their respective exRNAs originate 
(heterogeneity) and, importantly, add significant depth to our understanding of exRNA communication. The 
overarching goal of this Funding Opportunity Announcement (FOA) is to develop and demonstrate 
innovative technologies and reagents towards isolating single EVs and to characterize the exRNA cargos 
associated with specific EV subpopulations based on cell of origin and their intended target cell. Shedding 
light on the diversity of exRNAs carried by EVs will allow for a better understanding of the precise role of 
exRNAs as signaling molecules for both physiological and pathophysiological processes, ultimately 
accelerating development of exRNAs as therapeutics and diagnostics. 



External Program Consultants 
Xandra Breakefield, Ph.D. 
Professor of Neurology 
Harvard Medical School 
Geneticist, Neurology and Radiology 
Massachusetts General Hospital 
Dr. Breakefield focuses on researching the genetic mechanisms that underlie diseases of the 
nervous system, as well as treatments and biomarkers for these diseases.  Her work is 
primarily on movement disorders such as early onset torsion dystonia (DYT1) and X-linked 
dystonia parkinsonism (XDP).  She also has extensive experience working with brain tumors 
(especially glioma/glioblastoma) and with tumor suppressor syndromes (neurofibromatosis 
type 1 & 2 and tuberous sclerosis type 1 & 2). Dr. Breakefield was an investigator with Stage 
1 of the Extracelllular RNA Communication Consortium, where she investigated how 

exosomes and microvesicles released by brain tumor cells modify their microenvironment to promote tumor growth.  Her 
lab continues to explore how these extracellular vesicles can be used as biomarkers of disease, and how they can be 
modified to treat disease by delivering RNA or other treatments to the nervous system. 

Michael Davis, Ph.D. 
Professor/Associate Chair for Graduate Studies 
Director, Children's Heart Research and Outcomes (HeRO) Center 
Georgia Institute of Technology 
Dr. Davis’ work focuses on cardiac regeneration and preservation after injury, using 
molecular-based and biomaterials-based approaches.  His lab has engineered 3D 
bioprinted cardiac components (such as aortic valves) used induced pluripotent donor 
stem cells.  Additionally, he utilizes systems biology and bioinformatics to identify and 
study therapeutic RNA clusters in cardiac progenitor cells.  He also has extensive 
experience with exosomes and bioactive nanoparticles, engineering exosome-like 
vesicles and investigating the effects of exosomes and their miRNA cargo on cardiac 

function, and developing a biocompatible nanoparticle capable of drug delivery to cardiomyocytes. 

Scott Fraser, Ph.D. 
Provost Professor 
Director of Science Initiatives 
Elizabeth Garrett Chair in Convergent Bioscience 
University of Southern California 
Dr. Fraser has extensive experience working in the field of quantitative biology, combining 
approaches from chemistry, engineering, and physics to study questions in biology and 
medicine.   His lab specializes in the imaging and molecular analysis of intact biological 
systems, and works on developing new technologies for innovative multiplex and 
multimodal assays.  He is especially interested in early development, organogenesis, and 
medical diagnostics. 



Hakho Lee, Ph.D. 
Associate Professor in Radiology 
Massachusetts General Hospital/Harvard Medical School 
Dr. Lee has extensive experience in extracellular vesicle (EV) analyses. His research 
focuses on developing sensitive, cost-effective, and user-friendly tools for EV 
characterization. For instance, by integrating principles of nanomaterials, biophysics, and 
engineering, his group advanced new analytical technologies, including nPLEX 
(nanoplasmonic exosome), iMEX (integrated magneto-electrochemical exosome), iMER 
(integrated magnetic exosomal RNA), and SEA (single EV analyses). Some of these 
platforms are now being translated for clinical uses. Dr. Lee currently directs the 
Biomedical Engineering Program at the Center for Systems Biology, Massachusetts 

General Hospital (MGH), and is also a Hostetter MGH Research Scholar. 

Tushar Patel, M.B., Ch.B. 
Professor of Medicine, and Cancer Biology, Dean for Research 
Mayo Clinic 
Dr. Patel is an expert in understanding the role and regulation of noncoding RNA in the 
development of liver and biliary tract cancers.   The focus of his lab  is to deploy the power 
of RNA for next generation diagnostics and therapies for liver cancer.    He is particularly 
interested in the application of emerging knowledge on exRNA for diagnosis and therapies, 
with an emphasis on liver diseases and cancer, and has worked with Stage 1 of the 
Extracellular RNA Communication Consortium to explore exRNAs as biomarkers of 
hepatobiliary cancers. 

Marina Sirota, Ph.D. 
Associate Professor, Pediatrics 
University of California, San Francisco 
Dr. Sirota is currently an Assistant Professor at the Bakar Computational Health Sciences Institute 
at UCSF. Prior to that she was the Lead Research Scientist in the Division of Systems Medicine at 
Stanford University and has worked as a Senior Research Scientist at Pfizer where she focused 
on developing Precision Medicine strategies in drug discovery. Her research interests lie in 
developing computational integrative methods and applying these approaches in the context of 
disease diagnostics and therapeutics. Her primary focus is on leveraging and integrating different 
types of omics and clinical data to better understand the role of the immune system in disease. 

Siyang Zheng, Ph.D. 
Professor of Biomedical Engineering and Electrical & Computer Engineering 
Carnegie Mellon University 
Dr. Zheng is the principal investigator of the Micro & Nano Integrated Biosystem (MINIBio) 
Laboratory at CMU. Dr. Zheng’s main research theme is to develop micro/nano technologies for 
precision healthcare, at the interface of material, device and biomedicine. His recent work 
includes developing liquid biopsy technologies for non-invasive cancer diagnosis using 
nanomaterials and microdevices, innovative nanomaterials and biomaterials for cancer 
therapeutics, nanomaterial-integrated microdevices for virus discovery and diagnosis, new 

methods for protein/peptide enrichment and proteomics, DNA analysis, volatile odor detection, implantable pressure sensor, in 
vivo gene transfer materials and devices, on-chip physiological or disease models, and fabrication of biodegradable and 
biocompatible polymers. 



TALK ABSTRACTS 
Talk 
# 

Presenter 
last name 

Title of Abstract 

1 Chang High-dŚƌŽƵŐŚƉƵƚ�WƵƌŝĮĐĂƟŽŶ͕�&ƌĂĐƟŽŶĂƟŽŶ�ĂŶĚ��ŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ�ĂŶĚ�
EĂŶŽƉĂƌƟĐůĞƐ�ĨŽƌ��ŝĂŐŶŽƐƟĐƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ��ƉƉůŝĐĂƟŽŶƐ 

2 �ŽīĞǇ �ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂŶĚ�ŶĂŶŽƉĂƌƟĐůĞƐ͗��ŵĞƌŐŝŶŐ�ĐŽŵƉůĞǆŝƟĞƐ 
3 >ĂƵƌĞŶƚ �ĞǀĞůŽƉŝŶŐ�ĂŶ�ŝŵŵƵŶŽŵĂŐŶĞƟĐ�ƐĞƉĂƌĂƟŽŶ�ƐƚƌĂƚĞŐǇ�ĨŽƌ�ŵĂƉƉŝŶŐ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ�

ŚĞƚĞƌŽŐĞŶĞŝƚǇ 
4 DĂƚĞĞƐĐƵ W͘ Z͘/͘^͘D͗�WƵƌŝĮĐĂƟŽŶ�ŽĨ�ĞǆZE��ďǇ�/ŵŵƵŶŽ-ĐĂƉƚƵƌĞ�ĂŶĚ�^ŽƌƟŶŐ�ƵƐŝŶŐ�DŝĐƌŽŇƵŝĚŝĐƐ 
5 tŝƚǁĞƌ �ƐǇŵŵĞƚƌŝĐ�ŇŽǁ�ĮĞůĚ-ŇŽǁ�ĨƌĂĐƟŽŶĂƟŽŶ�ĨŽƌ�ƐĞƉĂƌĂƟŽŶ�ŽĨ�ĞǆZE��ĐĂƌƌŝĞƌƐ͗�ďůŽŽĚ�ƉůĂƐŵĂ�

ůŝƉŽƉƌŽƚĞŝŶƐ�ĂŶĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ 
6 Chiu �ŝŐŝƚĂů�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�ĨŽƌ�ƚŚĞ�ĂŶĂůǇƐŝƐ�ŽĨ�ƐŝŶŐůĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂŶĚ�ƉĂƌƟĐůĞƐ 
7 ^ƚŽƩ DŝĐƌŽŇƵŝĚŝĐƐ�ĨŽƌ�ĐĞůů-ƐƉĞĐŝĮĐ��s�ŝƐŽůĂƟŽŶ 
8 EĚƵŬĂŝĨĞ EĞǆƚ�ŐĞŶĞƌĂƟŽŶ�ŽƉƟĐĂů�ŶĂŶŽƚǁĞĞǌĞƌƐ�ĨŽƌ�ƵŶƌĂǀĞůŝŶŐ�ƚŚĞ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�

ĂŶĚ�ƉĂƌƟĐůĞƐ�;�sWƐͿ 
9 DŝůŽƐĂǀůũĞǀŝĐ ĞǆZE���ƚůĂƐ͗�Ă�ŐĂƚĞǁĂǇ�ŝŶƚŽ�ƚŚĞ�ǁŽƌůĚ�ŽĨ�ĞǆZE�Ɛ�ĂŶĚ�ƚŚĞŝƌ�ĐĂƌƌŝĞƌƐ�ŝŶ�ŚƵŵĂŶ�ďŝŽŇƵŝĚƐ͘ 
10 ZŽǌŽǁƐŬǇ /ŶƚĞŐƌĂƟǀĞ��ŶĂůǇƐŝƐ�ŽĨ��ǆƚƌĂĐĞůůƵůĂƌ�ZE��WƌŽĮůĞƐ�ĂŶĚ��ƐƐŽĐŝĂƚĞĚ�dŽŽůƐ�ĨŽƌ��ŶĂůǇǌŝŶŐ��ǆZE��

^ĞƋƵĞŶĐŝŶŐ��ĂƚĂ 
11 ^ƚĂĐŬ �ƉƉůŝĐĂƟŽŶ�ŽĨ��ƐǇŵŵĞƚƌŝĐ�EĂŶŽƉŽƌĞ�DĞŵďƌĂŶĞ�;�EDͿ�dĞĐŚŶŽůŽŐǇ�ƚŽ��ǀĂůƵĂƚĞ��ǆƚƌĂĐĞůůƵůĂƌ�

sĞƐŝĐůĞ-DĞĚŝĂƚĞĚ�dƵŵŽƌ-,ŽƐƚ��ŽŵŵƵŶŝĐĂƟŽŶ 
/Ŷ�KǀĂƌŝĂŶ��ĂŶĐĞƌ 

12 �ůĞǆĂŶĚĞƌ �Ŷ�ŽǀĞƌǀŝĞǁ�ŽĨ��Z��Ϯ�ƚĞĐŚŶŽůŽŐǇ�ĚĞǀĞůŽƉŵĞŶƚ 
13 Chang sŝƐƵĂůŝǌŝŶŐ�ĚŝŵĞŶƐŝŽŶĂůůǇ�ƌĞĚƵĐĞĚ��ƚůĂƐ�ĚĂƚĂ͗�ƚŚĞ�ĞǆZE���ǆƉůŽƌĞƌ�dŽŽů 
14 �ƌĐĞ  dŚĞ�EĂŶŽ&ůŽǁ�ZĞƉŽƐŝƚŽƌǇ͗���ZĞƐŽƵƌĐĞ�ĨŽƌ�^ŚĂƌŝŶŐ�^ƚĂŶĚĂƌĚƐ-�ŽŵƉůŝĂŶƚ�DĞƚĂĚĂƚĂ�ĂŶĚ��ĂƚĂ�ĨŽƌ�

&ůŽǁ��ǇƚŽŵĞƚƌǇ��ǆƉĞƌŝŵĞŶƚƐ�ŝŶǀŽůǀŝŶŐ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ�ĂŶĚ�ŽƚŚĞƌ�WĂƌƟĐůĞƐ 
15 DĂƌďĂŶ EŽǀĞů�ŶĐZE��ĚƌƵŐƐ�ďŝŽŝŶƐƉŝƌĞĚ�ďǇ��s�ĐŽŶƚĞŶƚƐ 
16 ZĞĂƚĞŐƵŝ ZE��ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŝŶ�ƐŝŶŐůĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂŶĚ�ƉĂƌƟĐůĞƐ�ĨƌŽŵ�ĐŽŵƉůĞǆ�ďŝŽŇƵŝĚƐ�ĨŽƌ�

ĐĂŶĐĞƌ�ĚŝĂŐŶŽƐƟĐƐ 
17 ZŽƵƚĞŶďĞƌŐ /ĚĞŶƟĮĐĂƟŽŶ�ĂŶĚ�ŝƐŽůĂƟŽŶ�ŽĨ��sƐ�ǁŝƚŚ�ŵƵůƟ-ŵĂƌŬĞƌ�ƐŝŐŶĂƚƵƌĞƐ 
18 &ƌĂŶŬůŝŶ KǀĞƌǀŝĞǁ�ŽĨ��Z��Ϯ�ďĞŶĐŚŵĂƌŬŝŶŐ�ƐƚƵĚŝĞƐ͗��ŽŵƉůĞŵĞŶƚĂƌǇ�ƚĞĐŚŶŽůŽŐŝĞƐ�ƚŽ�ĂŶĂůǇǌĞ�Ă�ĐŽůŽƌĞĐƚĂů�

ĐĂŶĐĞƌ�ĐĞůů�ƐĞĐƌĞƚŽŵĞ 
19 ,ĞŶĚƌŝǆ ��ǀĞƌƐĂƟůĞ�ƚŽŽůďŽǆ�ĨŽƌ�Ă�ĐŽŵƉƌĞŚĞŶƐŝǀĞ�ǀŝĞǁ�ŽŶ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ 
20 ^ŽƉĞƌ DŝǆĞĚ-^ĐĂůĞ�&ůƵŝĚŝĐ�^ǇƐƚĞŵƐ�ĨŽƌ�ƚŚĞ�,ŝŐŚ��ĸĐŝĞŶĐǇ�^ĞůĞĐƟŽŶ�ŽĨ��ŝƐĞĂƐĞ-�ƐƐŽĐŝĂƚĞĚ��sƐ��ŶĚ�

dŚĞŝƌ�^ƵďƐĞƋƵĞŶƚ��ŶĂůǇƐŝƐ�ĨŽƌ��ŝƐĞĂƐĞ�DĂŶĂŐĞŵĞŶƚ 
21 ,ƵĂŶŐ �ĐŽƵƐƚŽŇƵŝĚŝĐ�Ɛ�s�/ƐŽůĂƟŽŶ��ĞǀŝĐĞƐ�ǁŝƚŚ�,ŝŐŚ�zŝĞůĚ͕�,ŝŐŚ��ŝŽĐŽŵƉĂƟďŝůŝƚǇ͕ �ĂŶĚ�,ŝŐŚ�

ZĞƉĞĂƚĂďŝůŝƚǇ 
22 Ghiran /ĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ƉŽƐƩƌĂŶƐĐƌŝƉƟŽŶĂů�ŵŽĚŝĮĐĂƟŽŶƐ�ŝŶ�ŶƵĐůĞŝĐ�ĂĐŝĚ�ƐĞƋƵĞŶĐĞƐ�ƵƐŝŶŐ�ƉƌŽƉŽƐĞ-

ĚĞƐŝŐŶĞĚ�ŵŽůĞĐƵůĂƌ�ďĞĂĐŽŶƐ 
23 <ǁĂŬ �ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ-ĂƐƐŽĐŝĂƚĞĚ�ĂĚĞŶŽ-ĂƐƐŽĐŝĂƚĞĚ�ǀŝƌƵƐ�ĨŽƌ�ŝŶŚĂůĞĚ�ŐĞŶĞ�ĚĞůŝǀĞƌǇ͘ 
24 �ĂŵƵƐƐŝ �ĚŝďůĞ�ƉůĂŶƚ-ĚĞƌŝǀĞĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂƐ�Ă�ĐĂƌƌŝĞƌ�ĨŽƌ�ĂŶ�ŽƌĂů�^�Z^-�Ks-Ϯ�ǀĂĐĐŝŶĞ 
25 'ŽŬƵůŶĂƚŚ �ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ�ŵŝĐƌŽZE��ĐĂƌŐŽ�ĚƌŝǀĞƐ�ǀĞŶƚƌŝĐƵůĂƌ�ĂƌƌŚǇƚŚŵŝĂ�ŝŶ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ�ƉĂƟĞŶƚƐ�ďǇ�

ƌĞĐĂƉŝƚƵůĂƟŶŐ�ĚĞǀĞůŽƉŵĞŶƚĂů�ŐĞŶĞƐ 
26 :ŽǀĂŶŽǀŝĐ-

dĂůŝƐŵĂŶ 
/ŶƚĞŐƌĂƚĞĚ�ĐŽŵƉƵƚĂƟŽŶĂů͕�͚ŽŵŝĐƐ͕͛ �ĂŶĚ�ŝŵĂŐŝŶŐ�ĂƉƉƌŽĂĐŚĞƐ�ƚŽ�ŚŝŐŚ�ƌĞƐŽůƵƟŽŶ�ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�
ƟƐƐƵĞ-ƐƉĞĐŝĮĐ��sƐ 

27 �ƌŽǁŶ WƌŝŵĂƌǇ��ŝůŝĂ͗��ǆƉůŽŝƚĂďůĞ�'ůŝŽďůĂƐƚŽŵĂ�^ŝŐŶĂůŝŶŐ�,ƵďƐ 
28 :ĞƉƉĞƐĞŶ hďŝƋƵŝƟŶĂƟŽŶ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ƉƌŽƚĞŝŶƐ�ŝƐ�ƐƉĞĐŝĮĐ�ĨŽƌ�ƚĞƚƌĂƐƉĂŶŝŶ-ĞŶƌŝĐŚĞĚ�ƐŵĂůů�ĞǆƚƌĂĐĞůůƵůĂƌ�

ǀĞƐŝĐůĞƐ 
29 ^ĂƵŐƐƚĂĚ DŝZE�Ɛ�ĂƐ��ŝŽŵĂƌŬĞƌƐ�ĨŽƌ�ĂŶĚ�DĞĚŝĂƚŽƌƐ�ŽĨ��ůǌŚĞŝŵĞƌ Ɛ͛��ŝƐĞĂƐĞ�



POSTER ABSTRACTS 
Poster # Last Name �ďƐƚƌĂĐƚ�ƟƚůĞ 
1 Kumar YƵĂŶƟĨǇŝŶŐ��ĂŶĐĞƌ-ĂƐƐŽĐŝĂƚĞĚ��ǆŽƐŽŵĞƐ͕�^ƵƉĞƌŵĞƌĞ�ĂŶĚ�>ŝƉŽƉƌŽƚĞŝŶ�DĂƌŬĞƌƐ�ǁŝƚŚ�

EŽǀĞů�:ĂŶƵƐ�EĂŶŽƉĂƌƟĐůĞ��ŝīƵƐŽŵĞƚƌǇ �ƐƐĂǇ�ĂŶĚ��ŚĂƌŐĞ-ďĂƐĞĚ��ůĞĐƚƌŽŬŝŶĞƟĐ��ŝŽƐĞŶƐŽƌƐ 
2 >Ăŝ &ƌŽŵ�>ĂďĞůŝŶŐ͕��ŽƐĂŐĞ͕�ĂŶĚ�^ŝǌĞ�ƚŽ��ŝŽĚŝƐƚƌŝďƵƟŽŶ�ĂŶĚ�&ƵŶĐƟŽŶ�ŽĨ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ 
3 DĐ�ĂƌƚŚǇ ��ŵŝĐƌŽŇƵŝĚŝĐ�ƉůĂƞŽƌŵ�ĨŽƌ�ƚŚĞ�ĚĞƚĞĐƟŽŶ�ŽĨ��ůǌŚĞŝŵĞƌ Ɛ͛��ŝƐĞĂƐĞ�ĨƌŽŵ�ĐŽ-ůŽĐĂůŝǌĞĚ�ƐƵƌĨĂĐĞ�

ƉƌŽƚĞŝŶƐ�ŽŶ�ŶĞƵƌŽŶ-ĚĞƌŝǀĞĚ�ĞǆŽƐŽŵĞƐ 
4 EŐ ZĞĮŶŝŶŐ�DĞƚŚŽĚƐ�ĨŽƌ�/ƐŽůĂƟŶŐ�Θ��ĞƚĞĐƟŶŐ�ĞǆZE���ĂƌƌŝĞƌƐ 
5 ^ŚĂƌŵĂ ��ƐĐĂůĂďůĞ͕�ŚŝŐŚ-ƚŚƌŽƵŐŚƉƵƚ�ŝƐŽĞůĞĐƚƌŝĐ�ĨƌĂĐƟŽŶĂƟŽŶ�ƉůĂƞŽƌŵ�ĨŽƌ�ĞǆZE� ŶĂŶŽĐĂƌƌŝĞƌƐ͗�

�ŽŵƉƌĞŚĞŶƐŝǀĞ�ĂŶĚ�ďŝĂƐ-ĨƌĞĞ�ŝƐŽůĂƟŽŶ�ŽĨ��sƐ͕�ůŝƉŽƉƌŽƚĞŝŶƐ�;>>WƐͿ͕�ĂŶĚ�
ZŝďŽŶƵĐůĞŽƉƌŽƚĞŝŶƐ�;ZEWƐͿ�ĨƌŽŵ�ďůŽŽĚ�ƉůĂƐŵĂ͕�ƵƌŝŶĞ͕�ĂŶĚ�ƐĂůŝǀĂ 

6 Tosar ZE��ĂƐ�ŝƚƐ�ŽǁŶ�ĐĂƌƌŝĞƌ͗�ŶŝĐŬĞĚ�ƚZE�Ɛ�ĂƌĞ�ƐƚĂďůĞ�ƌĞƐĞƌǀŽŝƌƐ�ŽĨ�ƚZE��ŚĂůǀĞƐ�ŝŶ�ďŝŽŇƵŝĚƐ� 
7 �ŚĞŶŐ DĞĂƐƵƌĞŵĞŶƚ�ŽĨ�ŚŝŐŚ-ĚĞŶƐŝƚǇ�ůŝƉŽƉƌŽƚĞŝŶ�ƉĂƌƟĐůĞ�ƐŝǌĞ�ŝŶ�ĐůŝŶŝĐĂů�ƐĂŵƉůĞƐ�ƵƐŝŶŐ�

ƚƌĂŶƐŵŝƐƐŝŽŶ�ĞůĞĐƚƌŽŶ�ŵŝĐƌŽƐĐŽƉĞ�ƉƌŽǀŝĚĞƐ�ďĞƩĞƌ�ƌĞƐŽůƵƟŽŶ�ĨŽƌ�ƉĂƌƟĐůĞ�ƐŝǌĞ�ĂŶĚ�
ƐƵďŐƌŽƵƉ�ĂŶĂůǇƐŝƐ 

8 Arora ^ĂůŝǀĂ���- ��ĐŽŵƉƌĞŚĞŶƐŝǀĞ�ĚĂƚĂďĂƐĞ�ĨŽƌ�ƐĂůŝǀĂƌǇ�ďŝŽŵĂƌŬĞƌƐ�ŝŶ�ŚƵŵĂŶs 
9 �ĂǇĂƌĂƚŚŶĂ DƵůƟƉĂƌĂŵĞƚƌŝĐ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ƉŽůĂƌŝǌĞĚ�ŵŝĐƌŽŐůŝĂů-ĚĞƌŝǀĞĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ�;�sͿ�

ŵZE��ĐĂƌŐŽ͗�ƐŚĞĚĚŝŶŐ�ŶĞǁ�ůŝŐŚƚ�ŽŶ�ŶĞƵƌŽŝŵŵƵŶĞ�ĐƌŽƐƐƚĂůŬ 
10 �ĞŶŶŝƐƐ �ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ-ĚĞƌŝǀĞĚ�,/s�ZE��ŝŶ��^&�ĂŶĚ�ƐĞƌƵŵ�ƌĞƐĞƌǀŽŝƌƐ�ĂŶĚ�ŝƚƐ�ƌŽůĞ�ŝŶ�

ŵĞĚŝĂƟŶŐ�ŶĞƵƌŽĐŽŐŶŝƟǀĞ�ĚǇƐĨƵŶĐƟŽŶ 
11 DƵƐĞ ZĞůĂƟŽŶƐŚŝƉƐ��ĞƚǁĞĞŶ�,ƵŵĂŶ�DŝůŬ��sW�ŵŝZE���ŽŶƚĞŶƚ�ĂŶĚ��ƩĂŝŶĞĚ�/ŶĨĂŶƚ�

�ŶƚŚƌŽƉŽŵĞƚƌǇ�Ăƚ�KŶĞ�zĞĂƌ͗���WŝůŽƚ�^ƚƵĚǇ 
12 EŐƵǇĞŶ WƌĞĚŝĐƟŶŐ�ZĞƐƉŽŶƐĞƐ�ƚŽ�/ŵŵƵŶŽƚŚĞƌĂƉǇ�ŽĨ�EŽŶ-^ŵĂůů��Ğůů�>ƵŶŐ��ĂŶĐĞƌ�WĂƟĞŶƚƐ�ǀŝa 

^ŝŶŐůĞ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐƵůĂƌ�ŵZE��ĂŶĚ�WƌŽƚĞŝŶ��ĞƚĞĐƟŽŶ 
13 ZŝŵĂ ^ŽƌƟŶŐ�^ŝŶŐůĞ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ�ĂŶĚ��ŝŽƉĂƌƟĐůĞƐ�ĂŶĚ�^ŝŵƵůƚĂŶĞŽƵƐůǇ��ĞƚĞĐƟŶŐ�ZE��

ĂŶĚ�WƌŽƚĞŝŶ�/Ŷ�^ŝƚƵ�ŽŶ�Ă�DŝĐƌŽĚŽŵĂŝŶ-�ƌƌĂǇ��ƐƐĂǇ 
14 ^ƉĂŶŽƐ dŝƐƐƵĞ-^ƉĞĐŝĮĐ�ZE���ĂƌŐŽ�ŽĨ�WůĂƐŵĂ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ�ŝŶ��Ks/�-ϭϵ�WĂƚŚŽŐĞŶĞƐŝƐ͗���

�ŝƐƐĞĐƟŽŶ�ŽĨ��s�ZE��KƌŝŐŝŶƐ�ĂŶĚ�WĂƚŚǁĂǇƐ 
15 ^ƵŶ ɴ-ĐĞůů-ƐƉĞĐŝĮĐ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂƐ�ĂŶ�ĞĂƌůǇ�ĚŝĂŐŶŽƐƟĐ�ďŝŽŵĂƌŬĞƌ�ŽĨ�dǇƉĞ�ϭ��ŝĂďĞƚĞƐ 
16 zĂŶŐ �ŐĞĚ�ĂŶĚ�zŽƵŶŐ��ƌĞĂƐƚ�DĂƚƌŝǆ��ŽƵŶĚ�sĞƐŝĐůĞƐ�ŝŶ��ƌĞĂƐƚ��ĂŶĐĞƌ 
17 Ronan �ŐĞ�ĂŶĚ�^Ğǆ�/ŶŇƵĞŶĐĞ�ƚŚĞ��ĞŚĂǀŝŽƌ�ŽĨ��ǆŽƐŽŵĂů�ŵŝZE��ŝŶ�dŝƐƐƵĞ-�ŽƵŶĚ��ǆŽƐŽŵĞ�

WŽƉƵůĂƟŽŶƐ�ƚŽ��īĞĐƚ�KƵƚĐŽŵĞƐ�ŽĨ��ĂƌĚŝĂĐ�&ŝďƌŽƐŝƐ�ƚŚƌŽƵŐŚ�^ǇŶĞƌŐŝƐƟĐ�ŵŝZE���īĞĐƚƐ 
18 ^ŚĞŝŬŚ dŚĞ�KƵƚĞƌ�DĞŵďƌĂŶĞ�sĞƐŝĐůĞƐ�ŽĨ��ĂĐƚĞƌŽŝĚĞƐ�ĨƌĂŐŝůŝƐ��ŽŶƚĂŝŶ hŶŝƋƵĞ�^ŵĂůů�ZE��^ƉĞĐŝĞƐ�

ĂŶĚ�dƌŝŐŐĞƌ�/ŵŵƵŶĞ�ZĞƐƉŽŶƐĞƐ�ŝŶ�,ŽƐƚ��ĞůůƐ 
19 tŚŝƚĂŬĞƌ �ĂƉƚƵƌĞ�ŽĨ�&ůƵŽƌŽ-ůĂďĞůůĞĚ��'&Zн��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ�ƵƐŝŶŐ��ŝŽ-ĨƵŶĐƟŽŶĂůŝǌĞĚ�DĂŐŶĞƟĐ�

WĂƌƟĐůĞƐ 
20 �ĂƌŶĞů-Amar /ĚĞŶƟĮĐĂƟŽŶ�ŽĨ�DĂĐƌŽƉŚĂŐĞ-ƐƉĞĐŝĮĐ�DĂƌŬĞƌƐ�ŽŶ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ�ŝŶ�Ă�dƌĂŶƐŐĞŶŝĐ�

DŽƵƐĞ�DŽĚĞů�Θ�,ƵŵĂŶƐ� 
21 �ŚĂƩĞƌũĞĞ �Ŷ�/Ŷ�sŝǀŽ�DŽĚĞů�ƚŽ�WƌŽĮůĞ��ĂƌĚŝĂĐ�^ƉĞĐŝĮĐ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ��ƵƌŝŶŐ�/ƐĐŚĞŵŝĐ�

ZĞƉĞƌĨƵƐŝŽŶ��ŽŶĚŝƟŽŶ 
22 �ŚĞŶ �ǆƚƌĂĐĞůůƵůĂƌ�ZE��;ĞǆZE�Ϳ��ŶĂůǇƐŝƐ�ŽĨ�,ƵŵĂŶ��ŝŽŇƵŝĚƐ��ĞƌŝǀĞĚ��ǆƚƌĂĐĞůůƵůĂƌ�WĂƌƟĐůĞƐ�

hƐŝŶŐ��ŝīĞƌĞŶƚ��ŽŵƉƵƚĂƟŽŶĂů�dŽŽůƐ͘ 
23 �ŝƵůůŽ ^ŵĂůů�ŶŽŶĐŽĚŝŶŐ�ZE�͕�ǇZ�yϯ͕�ŵŝŶĞĚ�ĨƌŽŵ�ƚŚĞƌĂƉĞƵƟĐ�ĐĞůů�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ͕�

ƌĞƉƌŽŐƌĂŵƐ�ŵĂĐƌŽƉŚĂŐĞƐ�ƚŚƌŽƵŐŚ�ĞƉŝŐĞŶĞƟĐ�ƐŝůĞŶĐŝŶŐ�ŽĨ�WŝĐŬϭ�ƚŽ�ůŝŵŝƚ�ŝƐĐŚĞŵŝĐ�ŚĞĂƌƚ�
ŝŶũƵƌǇ 

24 >ŝĂŽ >ŽŶŐ�ŶŽŶ-ĐŽĚŝŶŐ�ZE����zZEϭ�ĂŶĚ�ŝƚƐ�ƐŚŽƌƚ�ƐǇŶƚŚĞƟĐ�ĚĞƌŝǀĂƟǀĞƐ�ƉƌŽŵŽƚĞ�ƌĞŐƵůĂƚŽƌǇ�d�
�Ğůů�ƉƌŽůŝĨĞƌĂƟŽŶ͕�ŵŝŐƌĂƟŽŶ�ĂŶĚ�ĂĐƟǀĂƟŽŶ 

25 ^ĂŶĂĚĂ dŚĞ�ĨƵŶĐƟŽŶ�ŽĨ�dZ�W�ĂƐ�Ă�ƉƌŽ-ŝŶŇĂŵŵĂƚŽƌǇ�ǆƚƌĂĐĞůůƵůĂƌ-ZE�Ɛ�ƐĞŶƐŽƌ�ŝŶ�ŽďĞƐŝƚǇ 
26 �ǇĂƉƉĂŶĂŚĂůůŝ �ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂŶĚ�ƚŚĞŝƌ�ĂƐƐŽĐŝĂƚĞĚ�ĐĂƌŐŽ�ĂƐ�ďŝŽŵĂƌŬĞƌƐ�ŝŶ�ŵŝĚůŝĨĞ�ĨƌĂŝůƚǇ 
27 WĂƌŬ �ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĨƌŽŵ�ƐĞƉƟĐ�ƉůĂƐŵĂ�ŽĨ�ŵŝĐĞ�ŝŶĚƵĐĞ�ďƌĂŝŶ�ŝŶŇĂŵŵĂƟŽŶ�ǀŝĂ�D/ZE��

ĐĂƌŐŽ 
28 ^ƌŝǀĂƐƚĂǀĂ hƟůŝǌŝŶŐ�^�Z^�ŽĨ�ŝŵŵƵŶŽĐĂƉƚƵƌĞĚ�ĞǆŽƐŽŵĞƐ�ƚŽ�ƚƌĂĐŬ�ĞǆZE� 



29 tĂŶŐ ��EĞǆƚ-'ĞŶĞƌĂƟŽŶ�,ŝŐŚ-�ĸĐŝĞŶĐǇ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞ�;�sͿ�/ƐŽůĂƟŽŶ�WůĂƞŽƌŵ͕�EĂŶŽ�y͕�
ĨŽƌ��ŝĂŐŶŽƐƟĐƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ 

30 �ŚĞƵŶŐ� �ŚĂƌĂĐƚĞƌŝǌŝŶŐ�ZE��WĂĐŬĂŐŝŶŐ�ŝŶƚŽ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ ;�sͿ�ďǇ��ŽŵƉĂƌŝŶŐ�ZE��ŝŶ��s�
ĂŶĚ�ŽƚŚĞƌ�ĨƌĂĐƟŽŶƐ�ĨƌŽŵ��ŽŶĚŝƟŽŶĞĚ��ƵůƚƵƌĞ�DĞĚŝĂ 

31 ,ĂŬŝŵ �ĞǀĞůŽƉŝŶŐ�ĂŶ��ƵƚŽŵĂƚĞĚ�,ŝŐŚ-dŚƌŽƵŐŚƉƵƚ�ZE��/ƐŽůĂƟŽŶ�WŝƉĞůŝŶĞ�ĨŽƌ��ǆƚƌĂĐĞůůƵůĂƌ�ZE�Ɛ�
ĨƌŽŵ�sĂƌŝŽƵƐ��ŝŽŇƵŝĚƐ�ĨŽƌ�^ŵĂůů-ZE��^ĞƋƵĞŶĐŝŶŐ 

32 ^ƌŝŶŝǀĂƐĂŶ Ŭ-d^W��ůŐŽƌŝƚŚŵ�^ĞůĞĐƚĞĚ�^ĞƌƵŵ�ŵŝZE��WƌĞĚŝĐƚŽƌƐ�ŽĨ�'ĞƐƚĂƟŽŶĂů��ŐĞ�ŝŶ�WƌĞŐŶĂŶĐǇ 
33 ZĞĚĚǇ ^ŵĂůů�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ�ůŽĂĚĞĚ�ďĞǀĂĐŝǌƵŵĂď�ƌĞĚƵĐĞƐ�ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�ŽĨ�ŝŶƚƌĂǀŝƚƌĞĂů�

ŝŶũĞĐƟŽŶ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ĚŝĂďĞƟĐ�ƌĞƟŶŽƉĂƚŚǇ 
34 'ĂŽ ĞǆZE��ĐĂƌƌŝĞĚ�ďǇ�DϮ-ůŝŬĞ�DĂĐƌŽƉŚĂŐĞ �ǆŽƐŽŵĞƐ�^ƵƉƉƌĞƐƐ��ĂƌĚŝĂĐ�/ŶŇĂŵŵĂƟŽŶ�Θ�

WƌĞǀĞŶƚ��ŚƌŽŶŝĐ�,ĞĂƌƚ�&ĂŝůƵƌĞ�ĂŌĞƌ�DǇŽĐĂƌĚŝĂů�/ŶĨĂƌĐƟŽŶ 
35 �ƌĐĞ dŚĞ�EĂŶŽ&ůŽǁ�ZĞƉŽƐŝƚŽƌǇ͗���ZĞƐŽƵƌĐĞ�ĨŽƌ�^ŚĂƌŝŶŐ�^ƚĂŶĚĂƌĚƐ-�ŽŵƉůŝĂŶƚ�DĞƚĂĚĂƚĂ�ĂŶĚ�

�ĂƚĂ�ĨŽƌ�&ůŽǁ��ǇƚŽŵĞƚƌǇ��ǆƉĞƌŝŵĞŶƚƐ�ŝŶǀŽůǀŝŶŐ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ�ĂŶĚ�ŽƚŚĞƌ�WĂƌ�ĐůĞƐ� 
36 WĂŶƚŚĂŵ dƌĂŶƐĐƌŝƉƚŽŵŝĐ�WƌŽĮůŝŶŐ�ŽĨ�hƌŝŶĂƌǇ��ǆƚƌĂĐĞůůƵůĂƌ�ZE��ŝŶ�WƌĞŐŶĂŶĐǇ�ĂŶĚ�^ĞǀĞƌĞ�

WƌĞĞĐůĂŵƉƐŝĂ 
37 dŝǁĂƌǇ �ĸĐĂĐǇ�ŽĨ�ĞǆZWϮϱϬ- Ă�ďŝŽůŽŐŝĐ�ŵŽůĞĐƵůĞ�ĂŐĂŝŶƐƚ�/ŵŝƋƵŝŵŽĚ-ŝŶĚƵĐĞĚ�WƐŽƌŝĂƐŝƐ�ŝŶ���>�ͬĐ�
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Abstract # 1 

Hsueh-Chia Chang 
University of Notre Dame 

High-dŚƌŽƵŐŚƉƵƚ�WƵƌŝĮĐĂƟŽŶ͕�&ƌĂĐƟŽŶĂƟŽŶ�ĂŶĚ��ŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ��ǆƚƌĂĐĞůůƵůĂƌ�
sĞƐŝĐůĞƐ�ĂŶĚ�EĂŶŽƉĂƌƟĐůĞƐ�ĨŽƌ��ŝĂŐŶŽƐƟĐƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ��ƉƉůŝĐĂƟŽŶƐ 
Hsueh-�ŚŝĂ��ŚĂŶŐϭ͕�^ĂƚǇĂũǇŽƟ�^ĞŶĂƉĂƟϭ͕��ĂǀŝĚ�'ŽϮ͕��ƌŝƐůǇŶ��Ζ^ŽƵǌĂ-Schorey3 
ϭ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽŵŽůĞĐƵůĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ�/E͘�Ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ
�ĞƌŽƐƉĂĐĞ�ĂŶĚ�DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ�/E͘�ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ �ŝŽƐĐŝĞŶĐĞƐ͕
hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ�/E͘

tĞ�ƌĞǀŝĞǁ�ƚŚĞ�ƚĞĐŚŶŽůŽŐŝĞƐ�ǁĞ�ŚĂǀĞ�ĚĞǀĞůŽƉĞĚ�ŝŶ�ƚŚĞ�h'ϯh,ϯ�ƉƌŽũĞĐƚ͘��KƵƌ�ĂƉƉƌŽĂĐŚ�ŝƐ�ƚŽ�ĐƌĞĂƚĞ�ŶĞǁ�ƚĞĐŚŶŽůŽŐŝĞƐ�ƚŚĂƚ�
ĐĂŶ�ŝƐŽůĂƚĞ͕�ƉƵƌŝĨǇ�ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ƚŚĞ�ďŝŽŵĂƌŬĞƌ�ŶĂŶŽĐĂƌƌŝĞƌƐ�Ăƚ�ŚŝŐŚ�ƚŚƌŽƵŐŚƉƵƚ͕ ǇŝĞůĚ�ĂŶĚ�ƐĞŶƐŝƟǀŝƚǇ�ďƵƚ�ǁŝƚŚ�ǀĞƌǇ�
ůŽǁ-ĐŽƐƚ�ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ͘��ƵĞ�ƚŽ�ƚŚĞƐĞ�ƐƉĞĐŝĮĐĂƟŽŶƐ͕�ŽƵƌ�ƚĞĐŚŶŽůŽŐŝĞƐ�ĂƌĞ�ďĂƐĞĚ�ŽŶ�ŶĞǁ�ƉƌŝŶĐŝƉůĞƐ�ŝŶ�ƵůƚƌĂĮůƚƌĂƟŽŶ͕�
ĞůĞĐƚƌŽŬŝŶĞƟĐƐ�ĂŶĚ�ƐƵƉĞƌƉĂƌĂŵĂŐŶĞƟĐƐ͘��dŚĞ�ŶĂŶŽĐĂƌƌŝĞƌƐ�ŝŶĐůƵĚĞ�Ɛ�sƐ͕�,�>Ɛ͕�>�>Ɛ�ĂŶĚ�ƐƵƉĞƌŵĞƌĞƐ͘� dŚĞ�ďŝŽŵĂƌŬĞƌƐ�
ŝŶĐůƵĚĞ�ƉƌŽƚĞŝŶƐ�ĂŶĚ�ŶƵĐůĞŝĐ�ĂĐŝĚƐ͘�� 

dŚĞƐĞ�ƚĞĐŚŶŽůŽŐŝĞƐ�ŝŶĐůƵĚĞ͗ 

ϭ͘ A high-ƚŚƌŽƵŐŚƉƵƚ�Ɛ�s�ŝƐŽůĂƟŽŶ�ĂŶĚ�ƉƵƌŝĮĐĂƟŽŶ�ƚĞĐŚŶŽůŽŐǇ�ƚŚĂƚ�ĐĂŶ�ƉƌŽĐĞƐƐ�ϴϬϬ�ŵů�ŽĨ�ĐĞůů�ĐƵůƚƵƌĞ�ŵĞĚŝƵŵ�Žƌ�
ϮϬ�ŵů�ϰϬǆ�ĚŝůƵƚĞĚ�ƉůĂƐŵĂ�ŝŶ�Ϯ�ŚŽƵƌƐ͘�dŚĞ�ŬĞǇ�ŝŶǀĞŶƟŽŶ�ŝƐ�ĂŶ �ƐǇŵŵĞƚƌŝĐ�EĂŶŽƉŽƌĞ�DĞŵďƌĂŶĞ�;�EDͿ�ĨĂďƌŝĐĂƚĞĚ�ĨƌŽŵ�
ion-ƚƌĂĐŬ�ƉŽůǇŵĞƌ�ŵĞŵďƌĂŶĞƐ�ǁŝƚŚ�ƐƚƌĂŝŐŚƚ�ĐŽŶŝĐ�ƉŽƌĞƐ�ƚŚĂƚ�ŵŝŶŝŵŝǌĞ�ŚǇĚƌŽĚǇŶĂŵŝĐ�ƌĞƐŝƐƚĂŶĐĞ�ĂŶĚ�ƉƌŽƚĞŝŶ�ĨŽƵůŝŶŐ͘�
dŚĞ�Ɛ�s�ƉƵƌŝƚǇ�ĂŶĚ�ƚŚƌŽƵŐŚƉƵƚ�ĂƌĞ�ƐŝŐŶŝĮĐĂŶƚůǇ�ďĞƩĞƌ�ƚŚĂŶ�ĐƵƌƌĞŶƚ�ĐŽŵŵĞƌĐŝĂů�ƉƌŽĚƵĐƚƐ͘��/ƚ�ŝƐ�ƉĂƌƟĐƵůĂƌůǇ�ƐƵŝƚĂďůĞ�ĨŽƌ�
ƉƵƌŝĨǇŝŶŐ�ƚŚĞƌĂƉĞƵƟĐ��sƐ͘���ĐŽŵƉĂŶǇ͕ ��ŽƉŝĂ��ŝŽƐĐŝĞŶĐĞƐ͕�ŚĂƐ�ďĞĞŶ�ĨŽƵŶĚĞĚ�ƚŽ�ĐŽŵŵĞƌĐŝĂůŝǌĞ��ED͘�/ƚ�ŝƐ�ŶŽǁ�ƚĂŬŝŶŐ�
ƐĞƌǀŝĐĞ�ŽƌĚĞƌƐ�ĂŶĚ�ǁŝůů�ďĞ�ƉůĂĐŝŶŐ�ƚŚĞ�ŝŶƐƚƌƵŵĞŶƚ�ŽŶ�ƚŚĞ�ŵĂƌŬĞƚ�ƚŚŝƐ�ǇĞĂƌ͘

Ϯ͘ ��ŚŝŐŚ�ƚŚƌŽƵŐŚƉƵƚͬǇŝĞůĚ�ŵĂŐŶĞƟĐ�ƚrap for immuno-ŶĂŶŽďĞĂĚƐ�ďĂƐĞĚ�ŽŶ�Ă�DĂŐŶĞƟĐ�EĂŶŽƉŽƌŽƵƐ�DĞŵďƌĂŶĞ�
;DEDͿ�ǀĞƌƐŝŽŶ�ŽĨ�ƚŚĞ��ED͘��tĞ�ĚĞǀĞůŽƉĞĚ�ĂŶ�ĞůĞĐƚƌŽƉůĂƟŶŐ�ƚĞĐŚŶŝƋƵĞ�ƚŽ�ƉůĂƚĞ�Ă�ĐƌǇƐƚĂůůŝŶĞ�ŵĂŐŶĞƟĐ�Įůŵ�ĂƌŽƵŶĚ�ƚŚĞ�
ƉŽƌĞƐ�ŽĨ�ƚŚĞ�DED͘���ǁĞĚŐĞ�ŐĞŽŵĞƚƌǇ�ŽĨ�ƚŚĞ�Įůŵ�Ăƚ�ƚŚĞ�ƉŽƌĞ�ƉƌŽĚƵĐĞƐ�Ă�ŚŝŐŚ�ŵĂŐŶĞƟĐ�ĮĞůĚ�ƚŚĂƚ�ĐĂŶ�ƌĂƉŝĚůǇ�ƉƵůů�ĚŽǁŶ�
ŶĂŶŽŵĂŐŶĞƟĐ�ďĞĂĚƐ͕�ǁŝƚŚ�ĂŶƟďŽĚǇ-ĐĂƉƚƵƌĞĚ��sƐ͕�ĨƌŽŵ�Ă�ŇŽǁŝŶŐ�ƐŽůƵƟŽŶ�ǁŝƚŚ�ŶĞĂƌůǇ�ϭϬϬй�ǇŝĞůĚ͘��dŚĞ�ĞŶƌŝĐŚĞĚ�ďĞĂĚƐ�
ŶĞĂƌ�ƚŚĞ�ƉŽƌĞƐ�ŽĨ�ƚŚĞ�DED�ĞŶĂďůĞƐ�ŚŝŐŚ-ƐĞŶƐŝƟǀŝƚǇ�ĂŶĚ�ƌĂƉŝĚ�ĂĸŶŝƚǇ�ĂŶĚ�ĂĐƟǀŝƚǇ�ĂƐƐĂǇƐ�ŽĨ�ƚŚĞ�ƉƌŽƚĞŝŶƐ�ŽŶ�ƚŚĞ�
ĐĂƉƚƵƌĞĚ��sƐ͘�dŚĞ�ĐĂƉƚƵƌĞĚ��sƐ�ĐĂŶ�ƚŚĞŶ�ďĞ�ĂŶĂůǇƐĞĚ�ĨŽƌ�ĚŽǁŶƐƚƌĞĂŵ�ĂƐƐĂǇ�ŽĨ�ƚŚĞ�ŝŶƚĞƌŝŽƌ��s�ĐĂƌŐŽ͘��΀�ŚĂŶŐ�Ğƚ�Ăů͕�
�Žŵŵ��ŝŽ͕�ϱ͗ϭϯϱϴ;ϮϬϮϮͿ΁͘

ϯ͘ A high-ƚŚƌŽƵŐŚƉƵƚ�ĐŽŶƟŶƵŽƵƐ-ŇŽǁ�ŝƐŽĞůĞĐƚƌŝĐ�ĨƌĂĐƟŽŶĂƟŽŶ�;�/&Ϳ�ƚĞĐŚŶŽůŽŐǇ�ƚŚĂƚ�ĐĂŶ�ĨƌĂĐƟŽŶĂƚĞ�Ɛ�s͕ ,�>͕�>�>�
ĂŶĚ�ZEW�ďǇ�ƚŚĞŝƌ�ŝƐŽĞůĞĐƚƌŝĐ�ƉŽŝŶƚƐ�ĨƌŽŵ�ƉůĂƐŵĂ͕�ƐĂůŝǀĂ�ĂŶĚ�ƵƌŝŶĞ�ǁŝƚŚ�хϴϬй�ǇŝĞůĚ�ĂŶĚ�хϵϬй�ƉƵƌŝƚǇ͘�/ƚ�ŽƵƚƉĞƌĨŽƌŵƐ�
ĂĸŶŝƚǇ-ďĂƐĞĚ�ĂŶĚ�ŚŝŐŚůǇ�ďŝĂƐĞĚ�ŐŽůĚ�ƐƚĂŶĚĂƌĚƐ͘�/ƚ�ŚĂƐ�Ă�ƌĞƐŽůƵƟŽŶ�ŽĨ�Ϭ͘ϯ�ȴƉ/͕�ƐƵĸĐŝĞŶƚ�ƚŽ�ƐĞƉĂƌĂƚĞ�ŵĂŶǇ�ŶĂŶŽĐĂƌƌŝĞƌƐ�
ĂŶĚ�ĞǀĞŶ�ƐƵďĐůĂƐƐĞƐ�ŽĨ�ŶĂŶŽĐĂƌƌŝĞƌƐ͘�^ĞƉĂƌĂƟŽŶ�ŽĨ�,�>�ĨƌŽŵ�>�>�ĂŶĚ�ŵŝƚŽĐŚŽŶĚƌŝĂů�Ɛ�sƐ�ĨƌŽŵ�ƚŚĞ�ŵĂŝŶ�Ɛ�s�ƉŽƉƵůĂƟŽŶ�
ǁŝůů�ďĞ�ĚĞŵŽŶƐƚƌĂƚĞĚ͘

ϰ͘ An ion-ĞǆĐŚĂŶŐĞ�ŵĞŵďƌĂŶĞ�;/�DͿ�ƐĞŶƐŽƌ�ƚŽ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ŶĂŶŽĐĂƌƌŝĞƌƐ�ǁŝƚŚ�ƐƉĞĐŝĮĐ�ĐŽůŽĐĂůŝǌĞĚ�ŵĞŵďƌĂŶĞ�
ƉƌŽƚĞŝŶƐ͘��dŚĞ�ĚĞƉůĞƟŽŶ�ĂĐƟŽŶ�ŽĨ�ƚŚĞ�/�D�ĂŵƉůŝĮĞƐ�ƚŚĞ�ĞůĞĐƚƌŽŬŝŶĞƟĐ�ĞīĞĐƚƐ�ŽĨ�ƚŚĞ�ŶĂŶŽĐĂƌƌŝĞƌƐ�Žƌ�ƚŚĞŝƌ�ƌĞƉŽƌƚĞƌƐ�ƚŽ�
ƉƌŽĚƵĐĞ�Ă�ůĂƌŐĞ�ǀŽůƚĂŐĞ�ƐŝŐŶĂů�ĨƌŽŵ�ƚŚĞ�ŵĞŵďƌĂŶĞ�ŝŽŶ�ĐƵƌƌĞŶƚ͘�^ĞƋƵĞŶƟĂů�ĂĚĚŝƟŽŶ�ŽĨ�ĚŝīĞƌĞŶƚ�ĂŶƟďŽĚǇ�ĨƵŶĐƟŽŶĂůŝǌĞĚ�
ĐŚĂƌŐĞ�ƌĞƉŽƌƚĞƌƐ�ƚŚĞŶ�ĂůůŽǁƐ�ůĂƌŐĞ-ĚǇŶĂŵŝĐ�ƌĂŶŐĞ�;ϰ�ůŽŐƐͿ�ĂŶĚ�ƐĞŶƐŝƟǀĞ�;ĨDͿ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ŵƵůƟƉůĞ�ĐŽůŽĐĂůŝǌĞĚ�
ƉƌŽƚĞŝŶƐ�ŽŶ�ƚŚĞ�ŶĂŶŽĐĂƌƌŝĞƌƐ͘��WKEϭ-,�>͕�Ă�'&Z-��ϲϯ�Ɛ�s�ĂŶĚ����-^ƵƉĞƌŵĞƌĞ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ǁŝůů�ďĞ�ƌĞƉŽƌƚĞĚ�ĨŽƌ�
'�D͕��Z��ĂŶĚ��s��ĐůŝŶŝĐĂů�ƐĂŵƉůĞƐ�ǁŝƚŚ�хϬ͘ϵϵ��h��ƐĐŽƌĞƐ͕�ƐŝŐŶŝĮĐĂŶƚůǇ�ŚŝŐŚĞƌ�ƚŚĂŶ��>/^�͕�ŇƵŽƌĞƐĐĞŶĐĞ�Žƌ�^WZ�ďĂƐĞĚ�
ƐĞŶƐŽƌ�ƚĞĐŚŶŽůŽŐŝĞƐ͘��΀<ƵŵĂƌ�^�Ğƚ�Ăů͕�EĂƚƵƌĞ��Žŵŵ͕�ϭϰ͗ϱϱϳ�;ϮϬϮϯͿ͖�DĐ�ĂƌƚŚǇ�<�Ğƚ�Ăů͕�>Ăď�ŚŝƉ͕�Ϯϯ͗Ϯϴϱ;ϮϬϮϮͿ΁͘



Abstract # 2 

Robert �ŽīĞǇ 
sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ 
 

�ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂŶĚ�ŶĂŶŽƉĂƌƟĐůĞƐ͗��ŵĞƌŐŝŶŐ�ĐŽŵƉůĞǆŝƟĞƐ 
ZŽďĞƌƚ�:��ŽīĞǇϭ͕�YŝŶ��ŚĂŶŐϭ͕��ĞŶŶŝƐ�<�:ĞƉƉĞƐĞŶϭ͕�:ĂŵĞƐ�E�,ŝŐŐŝŶďŽƚŚĂŵϭ͕�KůĞŐ�dƵƚĂŶŽǀϭ͕�^ĂƌĂŚ���'ůĂƐƐϭ͕��ůĂƌŬ�
DĂƐƐŝĐŬϭ͕�dƵŽǇĞ�yƵϮ͕�<ĂƐĞǇ�sŝĐŬĞƌƐϭ͕�:ĞīƌĞǇ�>�&ƌĂŶŬůŝŶϭ͕��ů��ŚĂƌĞƐƚϮ 
ϭ͘�sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ͕ �EĂƐŚǀŝůůĞ�dE� 
Ϯ͘�,ĂƌǀĂƌĚ��/�D�͕��ŽƐƚŽŶ�D� 
 

dŚĞ�ĚŝǀĞƌƐŝƚǇ�ŽĨ�ǀĞƐŝĐƵůĂƌ�ĂŶĚ�ŶĂŶŽƉĂƌƟĐůĞ�ĐĂƌƌŝĞƌƐ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ƉƌŽƚĞŝŶ͕�ŶƵĐůĞŝĐ�ĂĐŝĚƐ͕�ĂŶĚ�ůŝƉŝĚƐ�ŝŶ�ǀĂƌŝŽƵƐ�ďŝŽŇƵŝĚƐ is 
emerging through the ƵƐĞ�ŽĨ�ŵƵůƟƉůĞ�ĐŽŵƉůĞŵĞŶƚĂƌǇ�ƚĞĐŚŶŽůŽŐŝĞƐ�ƚŚĂƚ�ĐĂŶ�ƐĞƉĂƌĂƚĞ�ĂŶĚ�ĂŶĂůǇǌĞ�ƚŚĞƐĞ�ĐŽŵƉŽŶĞŶƚƐ�ĂŶĚ�
ƚŚĞŝƌ�ĐĂƌŐŽ͘�/Ŷ�ƚŚŝƐ�ǁŽƌŬ͕�ǁĞ�ĚĞǀĞůŽƉĞĚ�ŶĞǁ�ŵĞƚŚŽĚƐ�ƚŽ�ƉĂƌƐĞ�ĂŶĚ�ĂŶĂůǇǌĞ�ďŽƚŚ��s�ĂŶĚ�ŶĂŶŽƉĂƌƟĐůĞ�ĐŽŶƐƟƚƵĞŶƚƐ͘��hƐŝŶŐ�
ƚŚĞƐĞ�ŵĞƚŚŽĚƐ͕�ǁĞ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�Ă�ŶŽǀĞů�ƐŵĂůů�ŶŽŶ-ǀĞƐŝĐƵůĂƌ�ĞǆƚƌĂĐĞůůƵůĂƌ�ŶĂŶŽƉĂƌƟĐůĞ�;Es�WͿ͕�ƚĞƌŵĞĚ�ƐƵƉĞƌŵĞƌĞ͕�ĂŶĚ�
ĨƵƌƚŚĞƌ�ƌĞĮŶĞĚ�ƚŚĞ�ĐŽŵƉŽƐŝƟŽŶ�ĂŶĚ�ĨƵŶĐƟŽŶƐ�ŽĨ�ĞǆŽŵĞƌĞ�Es�WƐ͘�&ƵƌƚŚĞƌŵŽƌĞ͕�ǁĞ�ƉƵƌŝĮĞĚ�ĂŶĚ�ĂŶĂůǇǌĞĚ�ƐƵďĐůĂƐƐĞƐ�ŽĨ�
�sƐ�ĂŶĚ�ƌĞĞǀĂůƵĂƚĞĚ�ǀĂƌŝŽƵƐ�ĐŽŶƐƟƚƵĞŶƚƐ�ĂŶĚ�ƐƵďĐůĂƐƐĞƐ�ŝŶĐůƵĚŝŶŐ ĞǆƚƌĂĐĞůůƵůĂƌ�ZE�Ɛ�;ĞǆZE�ƐͿ͘�tĞ�ƵŶĐŽǀĞƌĞĚ�ǀĂƌŝŽƵƐ�
ĨƵŶĐƟŽŶĂů�ĂĐƟǀŝƟĞƐ�ŽĨ�Es�WƐ�ĂŶĚ��sƐ͕�ƐŚŽǁŝŶŐ�ƚŚĞŝƌ�ĂďŝůŝƚǇ�ƚŽ�ƐŝŐŶĂů͕�ĂīĞĐƚ�ĚƌƵŐ�ƌĞƐŝƐƚĂŶĐĞ͕�ĂŶĚ�ĂůƚĞƌ�ŽƌŐĂŶŽŝĚ�ƚƵŵŽƌ�
ŐƌŽǁƚŚ�ĂŵŽŶŐƐƚ�ŽƚŚĞƌƐ͘�^ŽŵĞ�ŽĨ�ƚŚŝƐ�ǁŽƌŬ�ŚĂƐ�ďĞĞŶ�ƉƵďůŝƐŚĞĚ�ŝŶ�Ă�ƐĞƌŝĞƐ�ŽĨ�ƉĂƉĞƌƐ΀ϭ-ϰ΁͘�dŽ�ďƌŽĂĚĞŶ�ƚŚĞƐĞ�ƌĞƐƵůƚƐ͕�ǁĞ�
ĂŶĂůǇǌĞĚ�ĨƵŶĐƟŽŶĂů�ĐĂƌŐŽƐ�ŽĨ��sƐ�ĂŶĚ�Es�WƐ�ĨƌŽŵ�ŐůŝŽďůĂƐƚŽŵĂ�;'�DͿ�ĂŶĚ�ĐŽůŽƌĞĐƚĂů�ĐĂŶĐĞƌ�;�Z�Ϳ�ƚŽ�ĮŶĚ�ĐŽŵŵŽŶ�ĂŶĚ�
ƵŶŝƋƵĞ�ƉƌŽƚĞŝŶ͕�ůŝƉŝĚ�ĂŶĚ�ĞǆZE��ĐĂƌŐŽƐ͘�tĞ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĂƚ�ĞǆZE��ŝƐ�ĐƌŝƟĐĂů�ĨŽƌ�ƚŚĞ�ďŝŽĚŝƐƚƌŝďƵƟŽŶ�ŽĨ�Ɛupermeres, 
ƉĂƌƟĐƵůĂƌůǇ�ƚŚĞŝƌ�ĂďŝůŝƚǇ�ƚŽ�ĐƌŽƐƐ�ƚŚĞ�ďůŽŽĚ�ďƌĂŝŶ�ďĂƌƌŝĞƌ͘ �ZĞƐƵůƚƐ�ĂůƐŽ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�Es�WƐ�ĂƌĞ�ŚŝŐŚůǇ�ŝŶŇĂŵŵĂƚŽƌǇ�ƚŽǁĂƌĚƐ�
ŝŵŵƵŶĞ�ĐĞůůƐ͕�Ğ͘Ő͘�ŵŝĐƌŽŐůŝĂů�ĐĞůůƐ͕�ƉŽƚĞŶƟĂůůǇ�ƚŚƌŽƵŐŚ�ďŝŽĂĐƟǀĞ�ůŝƉŝĚ�ĐĂƌŐŽ͘�tĞ�ĐŽŵƉĂƌĞĚ�ŐĞŶĞƐ�ŝŵƉůŝĐĂƚĞĚ�ŝŶ�ƌĞŐƵůĂƟng 
ƚŚĞ�ƚƌĂũĞĐƚŽƌǇ�ŽĨ�ƉƌĞĐĂŶĐĞƌ�ĐĞůů�ƐƚĂƚĞƐ�ƚŽ�ĐĂŶĐĞƌ�΀ϱ΁�ƚŽ�ŽƵƌ�ĞǆŝƐƟŶŐ�ĐŽŵƉĞŶĚŝƵŵ�ŽĨ��s�ĂŶĚ�Es�W�ŵĂƌŬĞƌƐ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�
ŝŵƉŽƌƚĂŶƚ�ĚĞƐĐƌŝƉƚŽƌƐ�ŽĨ�ƉƌĞĐĂŶĐĞƌ�ĐĞůů�ƐƚĂƚĞƐ�ƚŚĂƚ�ĂƌĞ�ƌĞƉƌĞƐĞŶƚĞĚ�ŝŶ�ƚŚĞ�ďŝŽŇƵŝĚ�ŽĨ�ĐĂŶĐĞƌ�ƉĂƟĞŶƚƐ͘�^ƵĐŚ�ǁŽƌŬ�ŚĂƐ�ůĞĚ�
us to focus on ƐĞǀĞƌĂů�ŐĞŶĞƐ͘�dǁŽ�ĂƌĞ�ƚŚĞ��s-ĂƐƐŽĐŝĂƚĞĚ�ĚŝƉĞƉƟĚĂƐĞ�ϭ�;�W�WϭͿ�ĂŶĚ�ƚŚĞ�ƐƵƉĞƌŵĞƌĞ-ĂƐƐŽĐŝĂƚĞĚ�d'&�/͘�dŚĞ�
'W/-ůŝŶŬĞĚ�ŵĞŵďƌĂŶĞ�ƉƌŽƚĞŝŶ��W�Wϭ�ĐĂŶ�ƌĞŐƵůĂƚĞ�ƚŚĞ�ůŽĐĂů�ƚƵŵŽƌ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ƚŚƌŽƵŐŚ�ŝƚƐ�ĞŶǌǇŵĂƟĐ�ĂĐƟǀŝƚǇ�ĂŶĚ�
the immune environment through its inƚĞƌĂĐƟŽŶ�ǁŝƚŚ�ŶĞƵƚƌŽƉŚŝůƐ͘�d'&�/͕�ŽŶĞ�ŽĨ�ƚŚĞ�ŵŽƐƚ�ĂďƵŶĚĂŶƚ�ƉƌŽƚĞŝŶƐ�ŝŶ�
ƐƵƉĞƌŵĞƌĞƐ͕�ŝŶƚĞƌĂĐƚƐ�ǁŝƚŚ�ƚŚĞ�ĐŽůůĂŐĞŶ�ŵĂƚƌŝǆ�ĂŶĚ�ĐĞůůƵůĂƌ�ŝŶƚĞŐƌŝŶƐ͘�d'&�/-ĐŽŶƚĂŝŶŝŶŐ�ƐƵƉĞƌŵĞƌĞƐ�ŚĂǀĞ�ďĞĞŶ�ĂĸŶŝƚǇ�
ŝƐŽůĂƚĞĚ�ĂŶĚ�ĨŽƵŶĚ�ƚŽ�ŝŶƚĞƌĂĐƚ�ǁŝƚŚ�ŵƵůƟƉůĞ�ŽƚŚĞƌ�ŝĚĞŶƟĮĞĚ�ƐƵƉĞƌŵĞƌĞ�ƉƌŽƚĞŝŶƐ�ĂŶĚ�ĞǆZE�Ɛ͘�d'&�/-containing 
ƐƵƉĞƌŵĞƌĞƐ�ĐĂŶ�ĂůƐŽ�ďĞ�ĨŽƵŶĚ�ŝŶ�ƚŚĞ�ƉůĂƐŵĂ�ĨƌŽŵ��Z��ƉĂƟĞŶƚƐ͘�KƵƌ�ǁŽƌŬ�ĚĞŵŽŶƐƚƌĂƚĞƐ�ƚŚĞ�ǀĂůƵĞ�ŽĨ�ŽƌƚŚŽŐŽŶĂů�
ďŝŽĐŚĞŵŝĐĂů�ƉƵƌŝĮĐĂƟŽŶ�ƐƚƌĂƚĞŐŝĞƐ�ƚŽ�ƉĂƌƐĞ�ĐŽŶƐƟƚƵĞŶƚƐ�ĨƌŽŵ�ďŽƚŚ�ĐĞůů�ĐƵůƚƵƌĞ�ĂŶĚ�ĞŶĚŽŐĞŶŽƵƐ�ďŝŽŇƵŝĚƐ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�
ƉŽƚĞŶƟĂů�ďŝŽŵĂƌŬĞƌƐ�ĂŶĚ�ĨƵŶĐƟŽŶĂů�ƉůĂǇĞƌƐ�ŝŶ�ƚŚĞ�ƚƵŵŽƌ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ͘� 

ϭ͘�:ĞƉƉĞƐĞŶ͕��͘<͘�Ğƚ�Ăů͘�;ϮϬϭϵͿ�ZĞĂƐƐĞƐƐŵĞŶƚ�ŽĨ��ǆŽƐŽŵĞ��ŽŵƉŽƐŝƟŽŶ͘��Ğůů�ϭϳϳ�;ϮͿ͕�ϰϮϴ-ϰϰϱ�Ğϭϴ͘ 

Ϯ͘��ŚĂŶŐ͕�Y͘�Ğƚ�Ăů͘�;ϮϬϭϵͿ�dƌĂŶƐĨĞƌ�ŽĨ�&ƵŶĐƟŽŶĂů��ĂƌŐŽ�ŝŶ��ǆŽŵĞƌĞƐ͘��Ğůů�ZĞƉ�Ϯϳ�;ϯͿ͕�ϵϰϬ-ϵϱϰ�Ğϲ͘ 

ϯ͘��ŚĂŶŐ͕�Y͘�Ğƚ�Ăů͘�;ϮϬϮϭͿ�^ƵƉĞƌŵĞƌĞƐ�ĂƌĞ�ĨƵŶĐƟŽŶĂů�ĞǆƚƌĂĐĞůůƵůĂƌ�ŶĂŶŽƉĂƌƟĐůĞƐ�ƌĞƉůĞƚĞ�ǁŝƚŚ�ĚŝƐĞĂƐĞ�ďŝŽŵĂƌŬĞƌƐ�ĂŶĚ�
ƚŚĞƌĂƉĞƵƟĐ�ƚĂƌŐĞƚƐ͘�EĂƚ��Ğůů��ŝŽů�Ϯϯ�;ϭϮͿ͕�ϭϮϰϬ-ϭϮϱϰ͘ 

ϰ͘��ŚĂŶŐ�Y͕�:ĞƉƉĞƐĞŶ��<͕�,ŝŐŐŝŶďŽƚŚĂŵ�:E͕�&ƌĂŶŬůŝŶ�:>͕��ŽīĞǇ�Z:͘��ŽŵƉƌĞŚĞŶƐŝǀĞ�ŝƐŽůĂƟŽŶ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂŶĚ�
ŶĂŶŽƉĂƌƟĐůĞƐ͘�EĂƚ�WƌŽƚŽĐ͘�ϮϬϮϯ͘��ƉƵď�ϮϬϮϯͬϬϯͬϭϱ͘�ĚŽŝ͗�ϭϬ͘ϭϬϯϴͬƐϰϭϱϵϲ-ϬϮϯ-ϬϬϴϭϭ-Ϭ͘ 

ϱ͘��ŚĞŶ͕��͘�Ğƚ�Ăů͘�;ϮϬϮϭͿ��ŝīĞƌĞŶƟĂů�ƉƌĞ-ŵĂůŝŐŶĂŶƚ�ƉƌŽŐƌĂŵƐ�ĂŶĚ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ĐŚĂƌƚ�ĚŝƐƟŶĐƚ�ƉĂƚŚƐ�ƚŽ�ŵĂůŝŐŶĂŶĐǇ�ŝŶ�
ŚƵŵĂŶ�ĐŽůŽƌĞĐƚĂů�ƉŽůǇƉƐ͘��Ğůů�ϭϴϰ�;ϮϲͿ͕�ϲϮϲϮ-ϲϮϴϬ�ĞϮϲ͘ 

 

 

 

 



Abstract # 3 

Louise Laurent 
hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ��ŝĞŐŽ 

�ĞǀĞůŽƉŝŶŐ�ĂŶ�ŝŵŵƵŶŽŵĂŐŶĞƟĐ�ƐĞƉĂƌĂƟŽŶ�ƐƚƌĂƚĞŐǇ�ĨŽƌ�ŵĂƉƉŝŶŐ�ĞǆƚƌĂĐĞůůƵůĂƌ�
ǀĞƐŝĐůĞ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ 
tŝůůŝ��ŚĞƵŶŐϭ͕ϯ͕ϰ͕��ďďĂƐ�,ĂŬŝŵϭ͕ϰ͕�WĞƚĞƌ��Ğ�,Žīϭ͕ϰ͕��ŵďĞƌ�DŽƌĞǇϭ͕ϰ͕��ŶĞůŝǌǌĞ��ĂƐƚƌŽ-DĂƌƟŶĞǌϭ͕ϰ͕�/ƐĂďĞůůĂ�
^ĂůĚĂŶĂϭ͕Ϯ͕ϰ͕��Ŷŝů�^ŽŽĚ�ϱ͕�dĂŽ�>ŝƵϲ͕�<ĞŶĚĂůů�:ĞŶƐĞŶ�ϳ͕�ZŽďĞƌƚ�ZĂīĂŝϴ͕�:ŽŚŶ�EŽůĂŶϵ͕�^ĂƵŵǇĂ��ĂƐϭϬ͕�>ŽƵŝƐĞ��͘�>ĂƵƌĞŶƚϭ͕ϰ 
ϭ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�KďƐƚĞƚƌŝĐƐ͕�'ǇŶĞĐŽůŽŐǇ�Θ�ZĞƉƌŽĚƵĐƟǀĞ�^ĐŝĞŶĐĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕���͕�h^�
Ϯ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ͕��ĂůŝĨŽƌŶŝĂ�WŽůǇƚĞĐŚŶŝĐ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂŶ�>ƵŝƐ�KďŝƐƉŽ͕�^ĂŶ�>ƵŝƐ�KďŝƐƉŽ͕���͕�h^�
ϯ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŝŽůŽŐǇ͕ �^ĂŶ��ŝĞŐŽ�^tate University, San Diego, CA, USA
ϰ͘ ^ĂŶĨŽƌĚ��ŽŶƐŽƌƟƵŵ�ĨŽƌ�ZĞŐĞŶĞƌĂƟǀĞ�DĞĚŝĐŝŶĞ͕�>Ă�:ŽůůĂ͕���͕�h^�
ϱ͘ D���ŶĚĞƌƐŽŶ��ĂŶĐĞƌ��ĞŶƚĞƌ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞǆĂƐ͕�,ŽƵƐƚŽŶ�dy
ϲ͘ WĂĐŝĮĐ�EŽƌƚŚǁĞƐƚ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ
ϳ͘ d'�E
ϴ͘ hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ�&ƌĂŶĐŝƐĐŽ
ϵ͘ ^ĐŝŶƟůůŽŶ�/ŶƐƟƚƵƚĞ
ϭϬ͘ DĂƐƐĂĐŚƵƐĞƩƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů

Non-ŝŶǀĂƐŝǀĞ�ĂƐƐĞƐƐŵĞŶƚ�ŽĨ�ƟƐƐƵĞ�ĨƵŶĐƟŽŶ�ŝƐ�Ă�ŵĂũŽƌ�ŵŽƟǀĂƟŽŶ�ĨŽƌ�ƚŚĞ�ƐƚƵĚǇ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ͘��s Ɛ͛�
ƌĞƉƌĞƐĞŶƚ�Ă�ƐƵďƐĞƚ�ŽĨ�ƚŚĞ�ŚĞƚĞƌŽŐĞŶŽƵƐ�ƉĂƌƟĐůĞƐ�ƐĞĐƌĞƚĞĚ�ďǇ�ĐĞůůƐ�ŝŶƚŽ�ďŝŽŇƵŝĚƐ�ĂŶĚ�ĂƌĞ�ƚŚĞŵƐĞůǀĞƐ�ĚŝǀĞƌƐĞ�ŝŶ�ďŽƚŚ�
ƐƚƌƵĐƚƵƌĞ�ĂŶĚ�ŝŶ�ĐĂƌŐŽ͘��s�ƐƵƌĨĂĐĞ�ƉƌŽƚĞŝŶ�ŵĂƌŬĞƌƐ͕�ĚĞƌŝǀĞĚ�ĨƌŽŵ�ĂŶĚ�ƐƉĞĐŝĮĐ�ƚŽ�ƚŚĞŝƌ�ĐĞůůƐ�ŽĨ�ŽƌŝŐŝŶ͕�ĂƌĞ�ĂƩƌĂĐƟǀĞ�ƚĂƌŐĞƚs 
ĨŽƌ�ŝŵŵƵŶŽŵĂŐŶĞƟĐ�ƐĞƉĂƌĂƟŽŶ�;/D^Ϳ�ƚĞĐŚŶŝƋƵĞƐ�ƵƐĞĚ�ƚŽ�ŝƐŽůĂƚĞ�ĂŶĚ�ƉƵƌŝĨǇ�ƚŚĞƐĞ�ůŝƉŝĚ�ďŝůĂǇĞƌ-ďŽƵŶĚ�ƉĂƌƟĐůĞƐ�ĨƌŽŵ�ƚŚĞ�
ŽƚŚĞƌ�ĐŽŵƉŽŶĞŶƚƐ�ŽĨ�ƚŚĞŝƌ�ďŝŽŇƵŝĚ�ŵŝůŝĞƵǆ͘�tĞ�ŚĂǀĞ�ŽƉƟŵŝǌĞĚ�Ă�ďĞĂĚ- ďĂƐĞĚ�/D^�ƉƌŽƚŽĐŽů�ƚŚĂƚ�ĞŶĂďůĞƐ�ƐĞůĞĐƟǀĞ�
ĞŶƌŝĐŚŵĞŶƚ�ŽĨ��sƐ�ĐĂƌƌǇŝŶŐ�ĞĂĐŚ�ŽĨ�ƚŚĞ�ĐĂŶŽŶŝĐĂů�ĞǆŽƐŽŵĞ�ŵĂƌŬĞƌƐ�;��ϵ͕���ϲϯ͕���ϴϭͿ�ĂŶĚ�ƚŚĞ�ƉůĂĐĞŶƚĂů�ƚƌŽƉŚŽďůĂƐƚ-
ƐƉĞĐŝĮĐ�ŵĂƌŬĞƌ�ƉůĂĐĞŶƚĂů�ĂůŬĂůŝŶĞ�ƉŚŽƐƉŚĂƚĂƐĞ�;W>�WͿ͕�ĂŶĚ�ƵƐĞĚ�ŝƚ�ƚŽ�ŝƐŽůĂƚĞ��s�ƐƵďƉŽƉƵůĂƟŽŶƐ�ĨƌŽŵ�ĐŽŶĚŝƟŽŶĞĚ�ŵĞĚŝĂ�
ĨƌŽŵ�Ă�ǀĂƌŝĞƚǇ�ŽĨ�ĐƵůƚƵƌĞ�ĐĞůů�ƚǇƉĞƐ͕�ĂƐ�ǁĞůů�ĂƐ�ŚƵŵĂŶ�ƉůĂƐŵĂ͘�dŚĞ�ƌĞƐƵůƟŶŐ�ŵĂƚĞƌŝĂů�ǁĂƐ�ĂŶĂůǇǌĞĚ�ƵƐŝŶŐ�E'^�ƚĞĐŚŶŝƋƵĞƐ�
;^ŵĂůůͬ>ŽŶŐ�ZE��^ĞƋͿ�ĂŶĚ�ŵĂƐƐ�ƐƉĞĐƚƌŽŵĞƚƌǇ-ďĂƐĞĚ�;ƉƌŽƚĞŽŵŝĐƐͬůŝƉŝĚŽŵŝĐƐͿ͘�tĞ�ĨŽƵŶĚ͕�ĂƐ�ĞǆƉĞĐƚĞĚ͕�ĚŝƐƟŶĐƚ�ĐĂƌŐŽ�
ƉƌŽĮůĞƐ�ĨŽƌ��sƐ�ĨƌŽŵ�ĚŝīĞƌĞŶƚ�ĐĞůů�ƚǇƉĞ�ĂŶĚ�ďŝŽŇƵŝĚ�ƐŽƵƌĐĞƐ͘�/ŶƚĞƌĞƐƟŶŐůǇ͕ �ƚŚĞ�ĐĂŶŽŶŝĐĂů��s�ŵĂƌŬĞƌƐ�ĞŶƌŝĐŚĞĚ�ĨŽƌ�ƚŚĞ�
ƐĂŵĞ�ƐƵďƉŽƉƵůĂƟŽŶ�ŽĨ��sƐ�ĨŽƌ�ƐŽŵĞ�ƐŽƵƌĐĞƐ�;Ğ͘Ő͘��ŝ&ŝ�ĐĞůů�ĐƵůƚƵƌĞ�ĐŽŶĚŝƟŽŶĞĚ�ŵĞĚŝĂͿ͕�ďƵƚ�ĚŝīĞƌĞŶƚ�ƐƵďƉŽƉƵůĂƟŽŶƐ�ĨŽƌ�
ŽƚŚĞƌƐ�;Ğ͘Ő͕͘�ƉůĂĐĞŶƚĂů�ĞǆƉůĂŶƚ�ĐƵůƚƵƌĞ�ĐŽŶĚŝƟŽŶĞĚ�ŵĞĚŝĂ͕�ŚƵŵĂŶ�ƉůĂƐŵĂͿ͘�dŚĞƐĞ�ƌĞƐƵůƚƐ�ƉƌŽǀŝĚĞ�ĞǀŝĚĞŶĐĞ�ĨŽƌ�ƚŚĞ�
ƉƌĞƐĞŶĐĞ�ŽĨ�ĚŝīĞƌĞŶƚ�ďŝŽŐĞŶĞƐŝƐ�ƉĂƚŚǁĂǇƐ�ǁŝƚŚ�ĂĐƟǀĞ�ĐŽŶƚĞŶƚ�ƐŽƌƟŶŐ�ƐǇƐƚĞŵƐ�ƌĂƚŚĞƌ�ƚŚĂŶ�ƐƚƌŝĐƚůǇ�Ă�ƉĂƐƐŝǀĞ�ƌĂŶĚŽŵ�
ĂƐƐŽƌƚŵĞŶƚ�ŵŽĚĞů�ĨŽƌ��s�ĐĂƌŐŽ�ůŽĂĚŝŶŐ͘ 



Abstract # 4 

�ŽŐĚĂŶ Mateescu 
hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƵƌŝĐŚ

W͘ Z͘/͘^͘D͗�WƵƌŝĮĐĂƟŽŶ�ŽĨ�ĞǆZE��ďǇ�/ŵŵƵŶŽ-ĐĂƉƚƵƌĞ�ĂŶĚ�^ŽƌƟŶŐ�ƵƐŝŶŐ�
DŝĐƌŽŇƵŝĚŝĐ 
^ƚƺƌĐŚůĞƌ�^ϭ͕Ϯ͕�DĞŶŐ�zϭ͕��ŵĂƌĂů�'Ϯ͕��ĂƌƌĂŐĂŶ-ďŽƌƌĞƌŽ�sϭ͕�EŐ�Dϴ͕�DĞĞĐŚŽŽǀĞƚ��ϭϮ͕�:ŽĂŶŶĂ�WĂůĂĚĞϭϮ͕��ůƐŽƉ��ϭϮ͕�
>ĂWůĂŶƚĞ��>ϯ͕�&ƵůůĞŵ�Zϯ͕��ŚĞŶ��ϯ͕�^ƚĂƌŶĞƌ���ϯ͕��ƐƋƵŝǀĞů��ϯ͕�:ĂĐŬƐŽŶ��Zϯ͕�'ŚŝƌĂŶ�/ϰ͕�WĞƌĞŝƌĂ�'ϰ͕�ZŽǌŽǁƐŬǇ�:ϱ͕��ŚĂŶŐ�:ϱ͕�
'ĞƌƐƚĞŝŶ�Dϱ͕��ůĞǆĂŶĚĞƌ�Zϲ͕�ZŽƚŚ�D�ϯ͕�>ĂƵƌĞŶƚ�>ϵ͕�tĂŶŐ�zdϭϬ͕�dƐĂŝ��&ϭϬ͕�>ŝƵ�dϭϮ͕�:ŽŶĞƐ�:ϭϭ͕�&ƌĂŶŬůŝŶ�:ϳ͕��ŽīĞǇ�Zϳ͕�
sĂŶ�EŽƐƚƌĂŶĚ��ϯ͕�DĂŶƐƵǇ�/ϭ͕Ϯ͕�DĐDĂŶƵƐ�Dϴ͕�DŝůŽƐĂǀůũĞǀŝĐ��ϯ͕�^ƚĂǀƌĂŬŝƐ�^ϭ͕�sĂŶ�<ĞƵƌĞŶ-:ĞŶƐĞŶ�<ϭϮ͕�ZĂīĂŝ�Z>ϴ͕�
ĚĞDĞůůŽ��ϭ͕�DĂƚĞĞƐĐƵ��ϭ͕Ϯ͘ 
ϭ͘ �d,��ƺƌŝĐŚ͕��ƺƌŝĐŚ͕�^ǁŝƚǌĞƌůĂŶĚ
Ϯ͘ hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƺƌŝĐŚ͕��ƺƌŝĐŚ͕�^ǁŝƚǌĞƌůĂŶĚ
ϯ͘ �ĂǇůŽƌ��ŽůůĞŐĞ�ŽĨ�DĞĚŝĐŝŶĞ͕�,ŽƵƐƚŽŶ͕�dy͕�h^�
ϰ͘ ,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů͕��ŽƐƚŽŶ͕�D�͕�h^�
ϱ͘ zĂůĞ�hŶŝǀĞƌƐŝƚǇ͕ �EĞǁ�,ĂǀĞŶ͕��d͕ �h^�
6. WĂĐŝĮĐ�EŽƌƚŚǁĞƐƚ�ZĞƐĞĂƌĐŚ�/ŶƐƟtute, ^ĞĂƩůĞ, WA, USA
ϳ͘ sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕�EĂƐŚǀŝůůĞ͕�dE͕�h^�
ϴ͘ hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕�^ĂŶ�&ƌĂŶĐŝƐĐŽ͕���͕�h^�
ϵ͘ hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕���͕�h^�
ϭϬ͘ EŽƌƚŚǁĞƐƚ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �ZŝĐŚůĂŶĚ͕�t�͕�h^�
ϭϭ͘ >ĂďŽƌĂƚŽƌǇ�ŽĨ�WĂƚŚŽůŽŐǇ��ĞŶƚĞƌ�ĨŽƌ��ĂŶĐĞƌ�ZĞƐĞĂƌĐŚ͕�EĂƟŽŶĂů��ĂŶĐĞƌ�/ŶƐƟƚƵƚĞ͕��ĞƚŚĞƐĚĂ͕�D�͕�h^�
ϭϮ͘ d'�E͕�WŚŽĞŶŝǆ͕���͕�h^�

�ǆƚƌĂĐĞůůƵůĂƌ�ZE�Ɛ�;ĞǆZE�ƐͿ�ŚĂǀĞ�ĞŵĞƌŐĞĚ�ĂƐ�ƉƌŽŵŝƐŝŶŐ�ďŝŽŵĂƌŬĞƌƐ�ĨŽƌ�ǀĂƌŝŽƵƐ�ĚŝƐĞĂƐĞƐ͕�ŚŽǁĞǀĞƌ͕ �ƚŚĞ�ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�
ƚŚĞŝƌ�ƐƉĞĐŝĮĐ�ĐĂƌƌŝĞƌƐ�ƌĞŵĂŝŶƐ�Ă�ĐŚĂůůĞŶŐĞ�;DĂƚĞĞƐĐƵ��Ύ͕�:ŽŶĞƐ�:Ύ͕�Ğƚ�Ăů͕�ŝ^ĐŝĞŶĐĞ͕�ϮϬϮϮͿ͘�ZE�-ďŝŶĚŝŶŐ�ƉƌŽƚĞŝŶƐ�;Z�WƐͿ�ƉůĂǇ�
Ă�ĐƌƵĐŝĂů�ƌŽůĞ�ŝŶ�ƚŚĞ�ƌĞůĞĂƐĞ�ĂŶĚ�ƚƌĂŶƐƉŽƌƚ�ŽĨ�ĞǆZE�Ɛ�ďǇ�ƐŽƌƟŶŐ�ĂŶĚ�ůŽĂĚŝŶŐ�ƚŚĞŵ�ŝŶƚŽ�ĚŝīĞƌĞŶƚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ĐĂƌƌŝĞƌƐ͕�ƐƵĐŚ 
ĂƐ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ͕�ůŝƉŽƉƌŽƚĞŝŶ�ƉĂƌƟĐůĞƐ�;>WWƐͿ͕�ĂŶĚ�ƌŝďŽŶƵĐůĞŽƉƌŽƚĞŝŶ�;ZEWͿ�ƉĂƌƟĐůĞƐ͘��ĞƐƉŝƚĞ�ƚŚĞŝƌ�
ŝŵƉŽƌƚĂŶĐĞ͕�ƚŚĞ�ĐƵƌƌĞŶƚ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�Z�WƐ�ĂƐ�ĐĂƌƌŝĞƌƐ�ŽĨ�ĞǆZE��ĨƌĂŐŵĞŶƚƐ�ŝŶ�ŚƵŵĂŶ�ďŝŽŇƵŝĚƐ�ŝƐ�ůŝŵŝƚĞĚ͘�dŚĞ�WZ/^D�
ƉƌŽũĞĐƚ�ĂŝŵƐ�ƚŽ�ĂĚĚƌĞƐƐ�ƚŚŝƐ�ŐĂƉ�ŝŶ�ŬŶŽǁůĞĚŐĞ�ďǇ�ŝĚĞŶƟĨǇŝŶŐ�ŶĞǁ�ĐĂƌƌŝĞƌƐ�ŽĨ�ĞǆZE�Ɛ�ĂŶĚ�ĚĞǀĞůŽƉŝŶŐ�ŵŝĐƌŽŇƵŝĚŝĐ�ĂŶĚ�
ĂĸŶŝƚǇ-ĐĂƉƚƵƌĞ�ŵĞƚŚŽĚƐ�ƚŽ�ĨƌĂĐƟŽŶĂƚĞ�ďŝŽŇƵŝĚƐ�ŝŶƚŽ�ƚŚĞŝƌ�ŵŽƐƚ�ƌĞůĞǀĂŶƚ�ĞǆZE��ĐĂƌƌŝĞƌ�ĐŽŵƉŽŶĞŶƚƐ͘ 

/Ŷ�ĐŽůůĂďŽƌĂƟŽŶ�ǁŝƚŚ�DŝůŽƐĂǀůũĞǀŝĐ�ůĂď͕�ǁĞ�ƵƐĞĚ�Ğ�>/WͬĞǆZE��ŝŶƚĞƌƐĞĐƟŽŶ�ĂŶĂůǇƐŝƐ�ƚŽ�ŝĚĞŶƟĨǇ�ϯϰ�ƉƵƚĂƟǀĞ�ĞǆZ�WƐ�ǁŝƚŚ�
ĚĞƚĞĐƚĂďůĞ�ĨŽŽƚƉƌŝŶƚƐ�ŝŶ�ďŽƚŚ�ĐĞůů�ƐƵƉĞƌŶĂƚĂŶƚ�ĂŶĚ�ŚĞĂůƚŚǇ�ŚƵŵĂŶ�ƉůĂƐŵĂ͕�ĂŶĚ�ƉƌĞĚŝĐƚĞĚ�ƐƉĞĐŝĮĐ�ĞǆZ�WƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�
�sƐ�ĂŶĚ�ŶŽŶ-�sƐ�ĐĂƌƌŝĞƌ�ĐůĂƐƐĞƐ�ĂĐƌŽƐƐ�ďŝŽŇƵŝĚƐ͘�hƐŝŶŐ�tĞƐƚĞƌŶ-ďůŽƟŶŐ͕�ǁĞ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ĚŝīĞƌĞŶƟĂů�ƌĞůĞĂƐĞ�ŽĨ�ϭϱ�Z�WƐ�
ŝŶ�ĐŽŶĚŝƟŽŶĞĚ�ŵĞĚŝĂ�ŽĨ�Ϯϵϯd͕ �ŚƵŵĂŶ�ŵĞƐĞŶĐŚǇŵĂů�ƐƚĞŵ�ĐĞůůƐ�ĂŶĚ��ŝ&ŝ�ĐĂŶĐĞƌ�ĐĞůůƐ�;>ĂWůĂŶƚĞ��Ύ͕�^ƚƺƌĐŚůĞƌ��Ύ͕�Ğƚ�Ăů͕��Ğůů�
'ĞŶŽŵŝĐƐ͕�ŝŶ�ƉƌĞƐƐͿ͘�dŽ�ĨƵƌƚŚĞƌ�ĞǆƉůŽƌĞ�ƚŚĞ�ƌŽůĞ�ŽĨ�Z�WƐ�ĂƐ�ĞǆZE��ĐĂƌƌŝĞƌƐ͕�ǁĞ�ŐĞŶĞƌĂƚĞĚ�Ă�ĐŽŵƉƌĞŚĞŶƐŝǀĞ�ĞǆZ�W�ĂƚůĂƐ�ďǇ�
ĐƌĞĂƟŶŐ�Ϯϵϯd�<K�ůŝŶĞƐ�ĨŽƌ�ϯϱ�ĞǆZ�W�ĐĂŶĚŝĚĂƚĞƐ�ĂŶĚ�ƐĞƋƵĞŶĐŝŶŐ�ƚŚĞŝƌ�ĐĞůůƵůĂƌ�ĂŶĚ�ĐŽŶĚŝƟŽŶĞĚ�ŵĞĚŝƵŵ�ƐŵĂůů�ZE�͘�KƵƌ�
ĂƚůĂƐ�ƌĞǀĞĂůĞĚ�ƚŚĂƚ�ƐƉĞĐŝĮĐ�Z�WƐ�ĂƌĞ�ĐƌƵĐŝĂů�ĨŽƌ�ƚŚĞ�ďŝŽŐĞŶĞƐŝƐ�ĂŶĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ƐƚĂďŝůŝƚǇͬĞǆƉŽƌƚ�ŽĨ�ƐŽŵĞ�ĞǆZE��ďŝŽƚǇƉĞƐ�
ĂŶĚ�ƐĞƋƵĞŶĐĞƐ�;^ƚƺƌĐŚůĞƌ�Ğƚ�Ăů͕�ŝŶ�ƉƌĞƉĂƌĂƟŽŶͿ͘ 

�ƵŝůĚŝŶŐ�ŽŶ�ƚŚĞƐĞ�ĮŶĚŝŶŐƐ͕�ǁĞ�ĚĞǀĞůŽƉĞĚ�ŶĞǁ�ĞǆZ�W�ƉƵůů-ĚŽǁŶ�ĂƐƐĂǇƐ�ƚŚĂƚ�ĐĂŶ�ĞŶƌŝĐŚ�ƐƉĞĐŝĮĐ�ĞǆZE��ďŝŽƚǇƉĞƐ�;ƵƉ�ƚŽ�ϴϬ-
ϵϬй�ƌĞĐŽǀĞƌǇ�ĂŶĚ�ϵϱй�ƉƵƌŝƚǇͿ�ĂŶĚ�ĨƌŽŵ�ůŽǁ-ǀŽůƵŵĞ�ŝŶƉƵƚ�;ϱϬ-ϮϬϬ�ʅůͿ�ŽĨ�ƐĂůŝǀĂ͕�ƉůĂƐŵĂ͕�ĂŶĚ�ŵŝůŬ�ƐĂŵƉůĞƐ�ŝŶ�Ă�ϵϲ-ǁĞůů�
ĨŽƌŵĂƚ�ƉƌŝŽƌ�ƚŽ�ZE��ƐĞƋƵĞŶĐŝŶŐ�;�ŵĂƌĂů�'Ύ͕��ĂƌƌĂŐĂŶ-�ŽƌƌĞƌŽ�sΎ͕�Ğƚ�Ăů͕�ŝŶ�ƉƌĞƉĂƌĂƟŽŶͿ͘��ĚĚŝƟŽŶĂůůǇ͕ �ǁĞ�ƐƵĐĐĞƐƐĨƵůůǇ�
ŐĞŶĞƌĂƚĞĚ�Ă�ƐĞƌŝĞƐ�ŽĨ�ůůĂŵĂ�ŶĂŶŽďŽĚŝĞƐ�ƌĞĂĐƟǀĞ�ĂŐĂŝŶƐƚ��ŝ&ŝ��sƐ͕�ǁŚŝĐŚ�ǁŝůů�ƌĞƉƌĞƐĞŶƚ�ĂŶ�ŝŵƉŽƌƚĂŶƚ�ƌĞĐŽŵďŝŶĂŶƚ�ďŝŶĚĞƌ�
ƌĞƐŽƵƌĐĞ�ĨŽƌ��s�ƉƵůůĚŽǁŶ�ĂŶĚ�ĚĞƚĞĐƟŽŶ�ďǇ�ŶĂŶŽŇŽǁ�ĐǇƚŽŵĞƚƌǇ͘�/Ŷ�ƉĂƌĂůůĞů͕�ǁĞ�ĚĞǀĞůŽƉĞĚ�ŵŝĐƌŽŇƵŝĚŝĐ�ƉůĂƞŽƌŵƐ�ďĂƐĞĚ�
ŽŶ�ǀŝƐĐŽĞůĂƐƟĐ�ĨŽĐƵƐŝŶŐ�ƚŚĂƚ�ĂůůŽǁ�ƵƐ�ƚŽ�ŝƐŽůĂƚĞ�ĐĞůůƵůĂƌ�ĐŽŵƉĂƌƚŵĞŶƚƐ͕�ĂƐ�ǁĞůů�ĂƐ�ůĂƌŐĞ�;хϱϬϬ-ϭϬϬϬ�ŶŵͿ͕�ŵĞĚŝƵŵ�;ϮϬϬ-
ϱϬϬ�ŶŵͿ͕�ĂŶĚ�ƐŵĂůů�;ϴϬ-ϮϬϬ�ŶŵͿ��sƐ�Ăƚ�ŚŝŐŚ�ƉƵƌŝƚǇ�ĨƌŽŵ�ǁŚŽůĞ�ŚƵŵĂŶ�ďůŽŽĚ�;DĞŶŐ�Ğƚ�Ăů͕�ŝŶ�ƉƌĞƉĂƌĂƟŽŶͿ͘��ůů�ƚŚĞƐĞ�
ƉƵƌŝĮĐĂƟŽŶ�ĂƉƉƌŽĂĐŚĞƐ�ĂƌĞ�ďĞŝŶŐ�ďĞŶĐŚŵĂƌŬĞĚ�ƵƐŝŶŐ�ŚŝŐŚůǇ�ƉƵƌŝĮĞĚ�ĞǆZE��ĐĂƌƌŝĞƌ�ĨƌĂĐƟŽŶƐ�;Ğ͘Ő͕͘�ŇƵŽƌĞƐĐĞŶƚ��sƐ͕�



,�>ͬ>�>ͬĐŚǇůŽŵŝĐƌŽŶƐͿ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ĞƐƚĂďůŝƐŚĞĚ�ŵĞƚŚŽĚƐ�;Ğ͘Ő͕͘�ĐƵƐŚŝŽŶ�ŐƌĂĚŝĞŶƚ͕�ƐŝǌĞ-ĞǆĐůƵƐŝŽŶ�ĐŚƌŽŵĂƚŽŐƌĂƉŚǇͿ�;EŐ�D�
Ğƚ�Ăů͕�ŝŶ�ƉƌĞƉĂƌĂƟŽŶͿ͘ 

dŚĞ�W͘Z͘/͘^͘D�ŵŝĐƌŽŇƵŝĚŝĐ�ĂŶĚ�ĂĸŶŝƚǇ-ĐĂƉƚƵƌĞ�ƉůĂƞŽƌŵ�ĂŶĚ�ƌĞƐŽƵƌĐĞƐ�;Ğ͘Ő͕͘�ŇƵŽƌĞƐĐĞŶƚ��sƐ͕�ŶĂŶŽďŽĚŝĞƐͿ�ĨŽƌ�ĨƌĂĐƟŽŶĂƟŶŐ�
Z�WƐ͕�>WWƐ͕�ĂŶĚ��sƐ�ĨƌŽŵ�ďŝŽŇƵŝĚƐ�ǁŝůů�ŝŵƉƌŽǀĞ�ƚŚĞ�ƐĞŶƐŝƟǀŝƚǇ�ĂŶĚ�ƐƉĞĐŝĮĐŝƚǇ�ŽĨ�ĞǆZE�-ďĂƐĞĚ�ďŝŽŵĂƌŬĞƌ�ĂƐƐĂǇƐ͘�
DŽƌĞŽǀĞƌ͕ �ŽƵƌ�ĞǆZ�W�ĂƚůĂƐ�ĐŽŶƐƟƚƵƚĞƐ�ƚŚĞ�ĮƌƐƚ�ƐǇƐƚĞŵĂƟĐ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ŝŵƉĂĐƚ�ŽĨ�Z�WƐ�ŽŶ�ĞǆƚƌĂĐĞůůƵůĂƌ�ƐŵĂůů�ĞǆZE��
ƉƌŽĮůĞƐ�ŝŶ�ŚƵŵĂŶ�ĐĞůůƐ͘ 



Abstract # 5 

Ken Witwer 
:ŽŚŶƐ�,ŽƉŬŝŶƐ�Univercity 

�ƐǇŵŵĞƚƌŝĐ�ŇŽǁ�ĮĞůĚ-ŇŽǁ�ĨƌĂĐƟŽŶĂƟŽŶ�ĨŽƌ�ƐĞƉĂƌĂƟŽŶ�ŽĨ�ĞǆZE��ĐĂƌƌŝĞƌƐ͗�ďůŽŽĚ�
ƉůĂƐŵĂ�ůŝƉŽƉƌŽƚĞŝŶƐ�ĂŶĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ 
KůĞƐŝĂ�'ŽůŽůŽďŽǀĂϭ͕�tǇĂƩ�E͘�sƌĞĞůĂŶĚϮ͕��ŶŐĞůĂ�D͘��ŝǀŬŽǀŝĐϯ͕�:ƵĂŶ�WĂďůŽ�dŽƐĂƌϰ͕�DŝĐŚĂĞů��͘�WĂƵůĂŝƟƐϭ͕��ŚĂŽŚĂŽ�>ŝĂŽϭ, 
<ĞŶŶĞƚŚ�t͘�tŝƚǁĞƌϭ 
ϭ͘ :ŽŚŶƐ�,ŽƉŬŝŶƐ�hŶŝǀĞƌƐŝƚǇ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ
Ϯ͘ EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ŽĨ�^ƚĂŶĚĂƌĚƐ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ
ϯ͘ hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ��ĂǀŝƐ
ϰ͘ /ŶƐƟƚƵƚ�WĂƐƚĞƵƌ�ĚĞ�DŽŶƚĞǀŝĚĞŽ

�ĞůůƐ�ĐĂŶ�ƚƌĂŶƐĨŽƌŵ�ƚŚĞŝƌ�ŐĞŶĞ�ĞǆƉƌĞƐƐŝŽŶ�ĂŶĚ�ĨƵŶĐƟŽŶƐ�ƚŚƌŽƵŐŚ�ƐĞĐƌĞƟŽŶ�ĂŶĚ�ƵƉƚĂŬĞ�ŽĨ�ZE�͕�ƚŚĞƌĞďǇ�ŝŶǀŽůǀŝŶŐ�ZE��ĂƐ�
ŵĞĚŝĂƚŽƌƐ�ŽĨ�ŝŶƚĞƌĐĞůůƵůĂƌ�ĐŽŵŵƵŶŝĐĂƟŽŶ͘�dŚĞ�ƐƚƵĚǇ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ZE��;ĞǆZE�Ϳ�ĂƐ�Ă�ƐŝŐŶĂůŝŶŐ�ŵŽůĞĐƵůĞ�ĐĂŶ�ůĞŶĚ�
ŝŶƐŝŐŚƚƐ�ŝŶƚŽ�ƚŚĞ�ƌĞŐƵůĂƚŽƌǇ�ƌŽůĞƐ�ŽĨ�ZE��ŝŶ�ĐĞůů�ďŝŽůŽŐǇ�ĂŶĚ�ŵĂǇ�ůĞĂĚ�ƚŽ�ƚƌĂŶƐůĂƟŽŶĂů�ƉŽƚĞŶƟĂů͘�ĞǆZE��ĐĂƌƌŝĞƌƐ�ŝŶĐůƵĚĞ�
ůŝƉŽƉƌŽƚĞŝŶƐ�;>WͿ�ĂŶĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ͕�ƚŚĞ�ĚŝǀĞƌƐŝƚǇ�ŽĨ�ǁŚŝĐŚ�ƌĞŵĂŝŶƐ�ŝŶĐŽŵƉůĞƚĞůǇ�ĂƉƉƌĞĐŝĂƚĞĚ͘�dŽ�ĚĂƚĞ͕�ƚŚĞ�
ƐĞƉĂƌĂƟŽŶ�ŽĨ�ĞǆZE��ĐĂƌƌŝĞƌ�ƐƵďĐůĂƐƐĞƐ�ŚĂƐ�ĨŽĐƵƐĞĚ�ŵŽƐƚůǇ�ŽŶ��sƐ͕�ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŚĂƐ�ŽŌĞŶ�ďĞĞŶ�ůŝŵŝƚĞĚ�ƚŽ�
ǀĞƌŝĨǇŝŶŐ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ƚŚĞ�ƚĂƌŐĞƚ�ƉĂƌƟĐůĞƐ�ďƵƚ�ŶŽƚ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�ĐŽ-ŝƐŽůĂƟŶŐ�ƉĂƌƟĐůĞƐ͘�,ĞƌĞ͕�ǁĞ�ƉƌĞƐĞŶƚ�ƚǁŽ�ŵĞƚŚŽĚƐ�
ƚŽ�ŝƐŽůĂƚĞ�>W�ĂŶĚ��sƐ�ĨƌŽŵ�ŚƵŵĂŶ�ƉůĂƐŵĂ͘�dŚĞ�ĮƌƐƚ�ŝƐ�Ă�ĨŽƵƌ-ƐƚĞƉ�ƉƌŽĐĞƐƐ�ƚŽ�ƐĞƉĂƌĂƚĞ�ŚŝŐŚůǇ�ƉƵƌĞ�ƉůĂƐŵĂ��s͕ �ůŽǁ-ĚĞŶƐŝƚǇ�
ůŝƉŽƉƌŽƚĞŝŶƐ�>�>͕�ĂŶĚ�ŚŝŐŚ-ĚĞŶƐŝƚǇ�ůŝƉŽƉƌŽƚĞŝŶƐ�,�>�ƉĂƌƟĐůĞƐ�ƵƐŝŶŐ�ĐŽŵďŝŶĂƟŽŶƐ�ŽĨ�ƐŝǌĞ- ĂŶĚ�ĚĞŶƐŝƚǇ-ďĂƐĞĚ�ƚĞĐŚŶŝƋƵĞƐ͘�
&Žƌ�ƚŚŝƐ�ŵĞƚŚŽĚ͕�ǁĞ�ĂůƐŽ�ƉĞƌĨŽƌŵĞĚ�ĨƵůů�͞ƉƌŽĐĞƐƐ�ĐŽŶƚƌŽůƐ͟�ŽĨ�ƉĂƐƐŝŶŐ�ďƵīĞƌ�ƚŚƌŽƵŐŚ�Ăůů�ƐƚĞƉƐ�ŽĨ�ƚŚĞ�ƐĞƉĂƌĂƟŽŶ�
ƚĞĐŚŶŝƋƵĞƐ͘�dŚĞ�ƐĞĐŽŶĚ�ŵĞƚŚŽĚ�ŝƐ�ĂŶ�ĂƉƉůŝĐĂƟŽŶ�ŽĨ�ĂƐǇŵŵĞƚƌŝĐ�ŇŽǁ�ĮĞůĚ-ŇŽǁ�ĨƌĂĐƟŽŶĂƟŽŶ͕�ǁŚŝĐŚ�ƉĞƌŵŝƚƐ�ƌĂƉŝĚ�
ƐĞƉĂƌĂƟŽŶ�ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ĞǆZE��ĐĂƌƌŝĞƌƐ͘�&Žƌ�ƚŚĞ�ĮƌƐƚ�ƟŵĞ͕�ǁĞ�ƵƐĞ�ƚŚŝƐ�ƚĞĐŚŶŽůŽŐǇ�ƚŽ�ƐĞƉĂƌĂƚĞ�ƉĂƌƟĐůĞƐ�ĨƌŽŵ�
ƐŵĂůů�ǀŽůƵŵĞƐ�;ϮϬ�ђ>Ϳ�ŽĨ�ƉůĂƐŵĂ͘�dŚƌŽƵŐŚŽƵƚ͕�ƐƵďĐůĂƐƐĞƐ�ŽĨ�ĞǆZE��ĐĂƌƌŝĞƌƐ�ǁĞƌĞ�ĚĞĮŶĞĚ�ďǇ�ĚĞƉůĞƟŽŶ�Žƌ�ĞŶƌŝĐŚŵĞŶƚ�ŽĨ�
ůŝƉŽƉƌŽƚĞŝŶƐ��ƉŽ�ϭϬϬ�;s>�>͕�>�>Ϳ͕��ƉŽ�ϭ�;,�>Ϳ͕��s-ďŽƌŶĞ�ƚĞƚƌĂƐƉĂŶŝŶƐ���ϵ�ĂŶĚ���ϴϭ͕�ĂŶĚ�ĂůďƵŵŝŶ͕�ĂŵŽŶŐ�ŽƚŚĞƌƐ͘�
^ŝŶŐůĞ-ƉĂƌƟĐůĞ�ĂŶĂůǇƐĞƐ�ǁĞƌĞ�ƉĞƌĨŽƌŵĞĚ�ǁŝƚŚ�ŶĂŶŽ-ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�;ŶĂŶŽ&�DͿ�ĂŶĚ�ŝŶƚĞƌĨĞƌŽŵĞƚƌŝĐ�ƌĞŇĞĐƚĂŶĐĞ�ŝŵĂŐŝŶŐ�
ƐĞŶƐŝŶŐ�;^W-/Z/^Ϳ͘�dŚĞ�ƐŝǌĞ�ŽĨ�ůŝƉŽƉƌŽƚĞŝŶƐ�ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ�ƵƐŝŶŐ�ĚǇŶĂŵŝĐ�ůŝŐŚƚ�ƐĐĂƩĞƌŝŶŐ͘�dŚĞ�ĚĞƚĞĐƚĞĚ�ĚŝĂŵĞƚĞƌ�ƌĂŶŐĞ�ŽĨ�
ƉĂƌƟĐůĞƐ�ǁĂƐ�ĨƌŽŵ�ĂďŽƵƚ�ϰϱ�ƚŽ�ϮϬϬ�Ŷŵ�;�sƐͿ͕�ϱ-ϭϮ�Ŷŵ�;,�>Ϳ͕�ĂŶĚ�ϭϱ-ϰϬ�Ŷŵ�;>�>͕�s>�>Ϳ͘�&ŝŶĂůůǇ͕ �ǁĞ�ĂƐƐĞƐƐĞĚ�ƚŚĞ�
ƉƌĞƐĞŶĐĞ�ŽĨ�ƐƉĞĐŝĮĐ�ZE�Ɛ�ŝŶ�ƚŚĞ�ǀĂƌŝŽƵƐ�ƉĂƌƟĐůĞ�ĨƌĂĐƟŽŶƐ͘�tĞ�ĐŽŶĐůƵĚĞ�ƚŚĂƚ�ďŽƚŚ�ŵĞƚŚŽĚƐ�ƉƌŽǀŝĚĞ�ƌĞƉƌŽĚƵĐŝďůĞ�ǇŝĞůĚƐ�ŽĨ�
�sƐ�ĂŶĚ�ůŝƉŽƉƌŽƚĞŝŶƐ�ƚŚĂƚ�ĂƌĞ�ƐƵďƐƚĂŶƟĂůůǇ�ƐĞƉĂƌĂƚĞĚ�ĨƌŽŵ�ĨƌĞĞ�ƉƌŽƚĞŝŶƐ�ĂŶĚ�ŽƚŚĞƌ�ĐŽŵŵŽŶ�ƉůĂƐŵĂ�ĐŽ-ŝƐŽůĂƚĞs. 



Abstract # 6 

�ĂŶŝĞů�d Chiu 
University of Washington 

�ŝŐŝƚĂů�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�ĨŽƌ�ƚŚĞ�ĂŶĂůǇƐŝƐ�ŽĨ�ƐŝŶŐůĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂŶĚ�
ƉĂƌƟĐůĞƐ 
�ĂŶŝĞů�d��ŚŝƵ 
hŶŝǀĞƌƐŝƚǇ�ŽĨ�tĂƐŚŝŶŐƚŽŶ͕��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝƐƚƌǇ�ĂŶĚ��ŝŽĞŶŐŝŶĞĞƌŝŶŐ͕�^ĞĂƩůĞ͕�t� 

tĞ�ŚĂǀĞ�ĚĞǀĞůŽƉĞĚ�Ă�ŵƵůƟ-parametric high-ƚŚƌŽƵŐŚƉƵƚ�ŇŽǁ-ďĂƐĞĚ�ŵĞƚŚŽĚ�ĨŽƌ�ƚŚĞ�ĂŶĂůǇƐŝƐ�ŽĨ�ŝŶĚŝǀŝĚƵĂů�ĞǆƚƌĂĐĞůůƵĂƌ�
ǀĞƐŝĐůĞƐ�ĂŶĚ�ƉĂƌƟĐůĞƐ�;�sWƐͿ͕�ǁŚŝĐŚ�ĂƌĞ�ŚŝŐŚůǇ�ŚĞƚĞƌŽŐĞŶĞŽƵƐ�ĂŶĚ�ĐŽŵƉƌŝƐĞ�Ă�ĚŝǀĞƌƐĞ�ƐĞƚ�ŽĨ�ƐƵƌĨĂĐĞ�ƉƌŽƚĞŝŶ�ŵĂƌŬĞƌƐ�ĂƐ�
ǁĞůů�ĂƐ�ZE��ĐĂƌŐŽĞƐ͘�zĞƚ͕�ĐƵƌƌĞŶƚ�ĂƉƉƌŽĂĐŚĞƐ�ƚŽ�ƚŚĞ�ƐƚƵĚǇ�ŽĨ��sWƐ�ůĂĐŬ�ƚŚĞ�ŶĞĐĞƐƐĂƌǇ�ƐĞŶƐŝƟǀŝƚǇ�ĂŶĚ�ƉƌĞĐŝƐŝŽŶ�ƚŽ�ĨƵůůǇ�
ĐŚĂƌĂĐƚĞƌŝǌĞ�ĂŶĚ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ŵĂŬĞ-ƵƉ�ĂŶĚ�ƚŚĞ�ĚŝƐƚƌŝďƵƟŽŶ�ŽĨ�ǀĂƌŝŽƵƐ��sW�ƐƵďƉŽƉƵůĂƟŽŶƐ�ƚŚĂƚ�ŵĂǇ�ďĞ�ƉƌĞƐĞŶƚ͘�tĞ�
ƚĞƌŵĞĚ�ŽƵƌ�ƉůĂƞŽƌŵ�ĚŝŐŝƚĂů�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ͕ �ǁŚŝĐŚ�ƉƌŽǀŝĚĞƐ�ƐŝŶŐůĞ-ŇƵŽƌŽƉŚŽƌĞ�ƐĞŶƐŝƟǀŝƚǇ�ƚŽ�ĞŶĂďůĞ�ƉŚĞŶŽƚǇƉŝŶŐ�ƐŝŶŐůĞ�
�sWƐ�ǁŝƚŚ�ƵŶƉƌĞĐĞĚĞŶƚĞĚ�ƉƌĞĐŝƐŝŽŶ�ĂŶĚ�ƐĞŶƐŝƟǀŝƚǇ͘ 



Abstract # 7 

Shannon ^ƚŽƩ 
�ĞŶƚĞƌ�ĨŽƌ��ŶŐŝŶĞĞƌŝŶŐ�ŝŶ�DĞĚŝĐŝŶĞ�Θ�^ƵƌŐĞƌǇ͕�DĂƐƐĂĐŚƵƐĞƚƚƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů

DŝĐƌŽŇƵŝĚŝĐƐ�ĨŽƌ�ĐĞůů-ƐƉĞĐŝĮĐ��s�ŝƐŽůĂƟŽŶ 
^ŚĂŶŶŽŶ�^ƚŽƚƚ�
�ĞŶƚĞƌ�ĨŽƌ��ŶŐŝŶĞĞƌŝŶŐ�ŝŶ�DĞĚŝĐŝŶĞ�Θ�^ƵƌŐĞƌǇ͕�DĂƐƐĂĐŚƵƐĞƚƚƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů

�ĚǀĂŶĐĞƐ�ŝŶ�ŵŝĐƌŽĨůƵŝĚŝĐ�ƚĞĐŚŶŽůŽŐŝĞƐ�ĂŶĚ�ŵŽůĞĐƵůĂƌ�ƉƌŽĨŝůŝŶŐ�ŽĨ�ƚƵŵŽƌƐ�ŚĂǀĞ�ƉƌŽƉĞůůĞĚ�ƚŚĞ�ƌĂƉŝĚ�ŐƌŽǁƚŚ�ŝŶ�ďůŽŽĚͲ
ďĂƐĞĚ�ƚĞƐƚƐ�ĨŽƌ�ĐĂŶĐĞƌ͘�dŚƌŽƵŐŚ�Ă�ĐŽůůĂďŽƌĂƚŝǀĞ�ĞĨĨŽƌƚ�ďĞƚǁĞĞŶ�ďŝŽĞŶŐŝŶĞĞƌƐ͕�ďŝŽůŽŐŝƐƚƐ͕�ĂŶĚ�ĐůŝŶŝĐŝĂŶƐ͕�ŵǇ�ůĂďŽƌĂƚŽƌǇ�
ŚĂƐ�ĚĞǀĞůŽƉĞĚ�ŵŝĐƌŽĨůƵŝĚŝĐ�ĚĞǀŝĐĞƐ�ƚŚĂƚ�ĐĂŶ�ŝƐŽůĂƚĞ�ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ĐĞůůͲƐƉĞĐŝĨŝĐ��sƐ�ĨƌŽŵ�ďůŽŽĚ͘��ĂƚĂ�ĨƌŽŵ�ƚŚĞƐĞ�
ĚĞǀŝĐĞƐ�ǁŝůů�ďĞ�ƉƌĞƐĞŶƚĞĚ�ǁŝƚŚ�Ă�ĨŽĐƵƐ�ŽŶ�ŽƵƌ�ƌĞĐĞŶƚ�ĞĨĨŽƌƚ�ƚŽ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĨƌŽŵ�ƚŚĞ�ďůŽŽĚ�ŽĨ�
ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�ŚŝŐŚůǇ�ĂŐŐƌĞƐƐŝǀĞ�ďƌĂŝŶ�ƚƵŵŽƌƐ͘�dƌĂŶƐĐƌŝƉƚŽŵŝĐ�ĂŶĚ�ƉƌŽƚĞŝŶ�ďĂƐĞĚ�ƐŝŐŶĂƚƵƌĞƐ�ŚĂǀĞ�ďĞĞŶ�ŝĚĞŶƚŝĨŝĞĚ�ƚŚĂƚ�
ƐƵŐŐĞƐƚ�ƉŽƚĞŶƚŝĂů�ƵƚŝůŝƚǇ�ŝŶ�ƚŚĞ�ĐůŝŶŝĐ�ƚŽ�ŐƵŝĚĞ�ƉĂƚŝĞŶƚ�ĐĂƌĞ͘�/�ǁŝůů�ĂůƐŽ�ƐŚĂƌĞ�ŽƵƌ�ŵŽƐƚ�ƌĞĐĞŶƚ�ǁŽƌŬ�ƌĞƉƵƌƉŽƐŝŶŐ�ƚŚĞƐĞ�
ƚĞĐŚŶŽůŽŐŝĞƐ�ƚŽ�ŝƐŽůĂƚĞ�^�Z^Ͳ�ŽsͲϮ�ǀŝƌƵƐ�ƉĂƌƚŝĐůĞƐ�ĂŶĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ƌĞůĂƚĞĚ�ƚŽ��Ks/�ϭϵ�ŝŶĨĞĐƚŝŽŶ͘�tĞ�ĂƌĞ�
ĂĐƚŝǀĞůǇ�ƉƵƌƐƵŝŶŐ�ƚŚĞ�ƚĞƐƚŝŶŐ�ŽĨ�ďůŽŽĚ͕�ƐƚŽŽů�ĂŶĚ�ƐĂůŝǀĂ�ƚŽ�ďĞƚƚĞƌ�ƉƌĞĚŝĐƚ�ǁŚŝĐŚ�ƉĂƚŝĞŶƚƐ�ŵŝŐŚƚ�ŚĂǀĞ�ŵŽƌĞ�ƐĞǀĞƌĞ�
ŽƵƚĐŽŵĞƐ͘�dŚƌŽƵŐŚ�ƚŚĞ�ŵŝĐƌŽĨůƵŝĚŝĐ�ŝƐŽůĂƚŝŽŶ�ŽĨ�ĐŝƌĐƵůĂƚŝŶŐ�ďŝŽŵĂƌŬĞƌƐ�ŝŶ�ĐĂŶĐĞƌ�ĂŶĚ��Ks/�͕�ŽƵƌ�ŐŽĂů�ŝƐ�ƚŽ�ŽďƚĂŝŶ�
ĐŽŵƉůĞŵĞŶƚĂƌǇ�ĚĂƚĂ�ƚŽ�ƚŚĞ�ĐƵƌƌĞŶƚ�ƐƚĂŶĚĂƌĚ�ŽĨ�ĐĂƌĞ�ƚŽ�ŚĞůƉ�ďĞƚƚĞƌ�ŐƵŝĚĞ�ƚƌĞĂƚŵĞŶƚ�ĂŶĚ�ŝĚĞŶƚŝĨǇ�ŶĞǁ�ďŝŽŵĂƌŬĞƌƐ�
ĂŶĚ�ƉƵƚĂƚŝǀĞ�ƚŚĞƌĂƉĞƵƚŝĐ�ƚĂƌŐĞƚƐ͘ 



Abstract # 8 

Justus EĚƵŬĂŝĨĞ 
sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ 

EĞǆƚ�ŐĞŶĞƌĂƟŽŶ�ŽƉƟĐĂů�ŶĂŶŽƚǁĞĞǌĞƌƐ�ĨŽƌ�ƵŶƌĂǀĞůŝŶŐ�ƚŚĞ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ŽĨ�
ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂŶĚ�ƉĂƌƟĐůĞƐ�;�sWƐͿ 
:ƵƐƚƵƐ�EĚƵŬĂŝĨĞ 
sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ 

dŚĞ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂŶĚ�ƉĂƌƟĐůĞƐ�;�sWƐͿ�ƉƌĞƐĞŶƚƐ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ĐŚĂůůĞŶŐĞ�ƚŽ�ĐŽŵƉƌĞŚĞŶĚŝŶŐ�ƚŚĞ�
ďŝŽůŽŐŝĐĂů�ƌŽůĞƐ�ŽĨ��sWƐϭ͘��ǆŝƐƟŶŐ��sW�ĂŶĂůǇƐŝƐ�ŵĞƚŚŽĚƐ͕�ƐƵĐŚ�ĂƐ�ŵĂƐƐ�ƐƉĞĐƚƌŽŵĞƚƌǇ�ĂŶĚ�ǁĞƐƚĞƌŶ�ďůŽƫŶŐ͕�ƌĞůǇ�ŽŶ�
ĞŶƐĞŵďůĞ�ĂƐƐĂǇƐ�ĂŶĚ�ĐĂŶŶŽƚ�ŝĚĞŶƟĨǇ�ƚŚĞ�ĐŽŵƉŽƐŝƟŽŶ�ŽĨ�ŝŶĚŝǀŝĚƵĂů��sWƐ͘�ZĞĐĞŶƚůǇ͕ �ZĂŵĂŶ�ƐƉĞĐƚƌŽƐĐŽƉǇ�ĐŽŵďŝŶĞĚ�ǁŝƚŚ�
ůĂƐĞƌ�ƚƌĂƉƉŝŶŐ�ŚĂƐ�ĞŵĞƌŐĞĚ�ĂƐ�Ă�ƉŽƚĞŶƚ�ƚĞĐŚŶŝƋƵĞ�ƚŽ�ĐŚĂƌĂĐƚĞƌŝǌĞ��sƐ�ĂŶĚ�ĂĐŚŝĞǀĞ�ŐůŽďĂů�ďŝŽŵŽůĞĐƵůĂƌ�ĐŽŵƉŽƐŝƟŽŶ�
ĂŶĂůǇƐŝƐ�ŽĨ��sƐϮ–ϰ͘�dŚŝƐ�ĂƉƉƌŽĂĐŚ�ŝŶǀŽůǀĞƐ�ƵƐŝŶŐ�Ă�ĨŽĐƵƐĞĚ�ůĂƐĞƌ�ďĞĂŵ�ƚŽ�ƚƌĂƉ��sƐ�Ăƚ�ƚŚĞ�ůĂƐĞƌ�ĨŽĐƵƐ͕�ĞǆĐŝƚĞ�ƚŚĞŵ͕�ĂŶĚ�
ĐŽůůĞĐƚ�ZĂŵĂŶ�ƐŝŐŶĂůƐ�ƌĞƐƵůƟŶŐ�ĨƌŽŵ�ƚŚĞ�ŝŶĞůĂƐƟĐ�ƐĐĂƩĞƌŝŶŐ�ŽĨ�ŝŶĐŝĚĞŶƚ�ƉŚŽƚŽŶƐ�ƚŽ�ŽďƚĂŝŶ�ŵŽůĞĐƵůĂƌ�ĐŽŵƉŽƐŝƟŽŶ�
ŝŶĨŽƌŵĂƟŽŶ�ŽĨ�ƚƌĂƉƉĞĚ��sƐ͘�,ŽǁĞǀĞƌ͕ �ƚŚĞ�ĐƵƌƌĞŶƚ�ZĂŵĂŶ�ƚǁĞĞǌĞƌ�ƚĞĐŚŶŽůŽŐŝĞƐ�ŚĂǀĞ�ĐĞƌƚĂŝŶ�ůŝŵŝƚĂƟŽŶƐ͕�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�
ŝŶĂďŝůŝƚǇ�ƚŽ�ĨŽĐƵƐ�ůŝŐŚƚ�ƚŽ�ƚŚĞ�ŶĂŶŽƐĐĂůĞ�ƌĞƋƵŝƌĞĚ�ƚŽ�ƚƌĂƉ�ƐŝŶŐůĞ�ŶĂŶŽƐĐĂůĞ��sWƐ�ĂŶĚ�ůŽŶŐ�ǁĂŝƚ�ƟŵĞƐ�ŽĨ�ƐĞǀĞƌĂů�ŵŝŶƵƚĞƐ�ƚŽ�
ƚĞŶƐ�ŽĨ�ŵŝŶƵƚĞƐ�ďĞĨŽƌĞ�ƚƌĂƉƉŝŶŐ�ŽĨ��sƐ�ĐĂŶ�ŽĐĐƵƌ͘ �&ƵƌƚŚĞƌŵŽƌĞ͕�ƚŚĞ�ƐƉŽŶƚĂŶĞŽƵƐ�ZĂŵĂŶ�ƐŝŐŶĂůƐ�ĂƌĞ�ŝŶŚĞƌĞŶƚůǇ�ǁĞĂŬ͕�
ƌĞƋƵŝƌŝŶŐ�ůŽŶŐ�ŝŶƚĞŐƌĂƟŽŶ�ƟŵĞƐ�ĂŶĚ�ƚƌĂƉƉŝŶŐ�ŽĨ�ŵƵůƟƉůĞ��sƐ�ƚŽ�ĐŽůůĞĐƚ�ƐƵĸĐŝĞŶƚ�ĚĂƚĂ͘ 

dŽ�ĂĚĚƌĞƐƐ�ƚŚĞƐĞ�ůŝŵŝƚĂƟŽŶƐ͕�ǁĞ�ƉƌĞƐĞŶƚ�ĂŶ�ŝŶŶŽǀĂƟǀĞ�ĂƉƉƌŽĂĐŚ�ĨŽƌ�ŚŝŐŚ-ƚŚƌŽƵŐŚƉƵƚ�ŶĂŶŽƐĐĂůĞ�ƐĐĂůĞ�ŽƉƟĐĂů�ƚƌĂƉƉŝŶŐ�
ĂŶĚ�ĞŶŚĂŶĐĞĚ�ZĂŵĂŶ�ƐƉĞĐƚƌŽƐĐŽƉǇ�ŽĨ�ƐŝŶŐůĞ��sWƐ�ǁŚŝĐŚ�ĐĂŶ�ƌĂƉŝĚůǇ�ƚƌĂƉ�ƚŚŽƵƐĂŶĚƐ�ŽĨ�ƐŝŶŐůĞ��sWƐ�ŝŶ�ƉĂƌĂůůĞů�ǁŝƚŚŝŶ�
ƐĞĐŽŶĚƐ͘�dŚŝƐ�ĂƉƉƌŽĂĐŚ�ĐŽŵďŝŶĞƐ�ŶĂŶŽƉůĂƐŵŽŶŝĐ�ĂƉĞƌƚƵƌĞ�ĐĂǀŝƟĞƐ�ǁŝƚŚ�ŵŝĐƌŽŇƵŝĚŝĐƐ�ƚŽ�ƚƌĂŶƐƉŽƌƚ�ĂŶĚ�ƚƌĂƉ�ƚŚŽƵƐĂŶĚƐ�ŽĨ�
ƐŝŶŐůĞ��sWƐ ŝŶ�ƉĂƌĂůůĞů�ŶĞĂƌ�ƚŚĞ�ŶĂŶŽƉůĂƐŵŽŶŝĐ�ĐĂǀŝƟĞƐ�ǁŝƚŚŝŶ�ƐĞĐŽŶĚƐ͘�dŚĞ�ŶĂŶŽƉůĂƐŵŽŶŝĐ�ĐĂǀŝƟĞƐ�ŐĞŶĞƌĂƚĞ�ƐƵďƐƚĂŶƟĂů�
ŽƉƟĐĂů�ĨŽƌĐĞ�ƵƉŽŶ�ŝůůƵŵŝŶĂƟŽŶ�ƚŽ�ĂĐŚŝĞǀĞ�ƐƚĂďůĞ�ƚƌĂƉƉŝŶŐ�ŽĨ�ƐŝŶŐůĞ�ŶĂŶŽĐĂůĞ��sWƐ�ĂŶĚ�ŚŝŐŚ�ůŽĐĂů�ůŝŐŚƚ�ĮĞůĚ�ŝŶƚĞŶƐŝƚǇ�
ĞŶŚĂŶĐĞŵĞŶƚƐ�ĨŽƌ�ďŽŽƐƟŶŐ�ZĂŵĂŶ�ƐŝŐŶĂůƐ͘�KƵƌ�ƌĞƐƵůƚƐ�ƐŚŽǁ�ƚŚĂƚ�ƚŚŝƐ�ŝŶŶŽǀĂƟǀĞ�ƉůĂƞŽƌŵ�ĐĂŶ�ƐƚĂďůǇ�ƚƌĂƉ�ŶĂŶŽƐĐĂůĞ��sWƐ�
ĂŶĚ�ƉƌĞĐŝƐĞůǇ�ƉůĂĐĞ�ŝŶĚŝǀŝĚƵĂů��sWƐ�ƚŽ�ƚŚĞ�ƌĞŐŝŽŶƐ�ŽĨ�ŚŝŐŚĞƐƚ�ůŽĐĂů�ůŝŐŚƚ�ĮĞůĚ�ŝŶƚĞŶƐŝƚǇ�ĞŶŚĂŶĐĞŵĞŶƚ�ǁŚĞƌĞ�ƚŚĞ�ZĂŵĂŶ�
ƐŝŐŶĂůƐ�ĐĂŶ�ďĞ�ďŽŽƐƚĞĚ�ĨƌŽŵ�ƚŚĞ�ƚƌĂƉƉĞĚ��sWƐ͘ 

&ƵƚƵƌĞ�ƐƚƵĚŝĞƐ�ǁŝůů�ĨŽĐƵƐ�ŽŶ�ĐŽŶĚƵĐƟŶŐ�ĞǆƉĞƌŝŵĞŶƚƐ�ƚŽ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ŝŶĚŝǀŝĚƵĂů��sWƐ�ƵƐŝŶŐ�ƚŚĞ�ƉůĂƐŵŽŶ-ĞŶŚĂŶĐĞĚ�ZĂŵĂŶ�
ƐĐĂƩĞƌŝŶŐ͕�ƉĂǀŝŶŐ�ƚŚĞ�ǁĂǇ�ƚŽ�ƵŶƌĂǀĞů�ƚŚĞ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ŽĨ��sWƐ�ĂŶĚ�ŝŵƉƌŽǀĞ�ŽƵƌ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ƚŚĞŝƌ�ďŝŽůŽŐŝĐĂů�ƌŽůĞƐ͘ 

ϭ͘ �ŽƌĚĂŶĂďĂ-&ůŽƌŝƚ�'͕�ZŽǇŽ�&͕ �<ƌƵŐůŝŬ�^'͕�&ĂůĐſŶ-WĠƌĞǌ�:D͘�hƐŝŶŐ�ƐŝŶŐůĞ-ǀĞƐŝĐůĞ�ƚĞĐŚŶŽůŽŐŝĞƐ�ƚŽ�ƵŶƌĂǀĞů�ƚŚĞ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ
ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ͘�EĂƚ�WƌŽƚŽĐ�ϮϬϮϭ�ϭϲϳ͘�ϮϬϮϭ͖ϭϲ;ϳͿ͗ϯϭϲϯ-ϯϭϴϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐϰϭϱϵϲ-ϬϮϭ-ϬϬϱϱϭ-ǌ

Ϯ͘ <ƌƵŐůŝŬ�^'͕�ZŽǇŽ�&͕ �'ƵŝŐŶĞƌ�:D͕�Ğƚ�Ăů͘�ZĂŵĂŶ�ƚǁĞĞǌĞƌƐ�ŵŝĐƌŽƐƉĞĐƚƌŽƐĐŽƉǇ�ŽĨ͗��ŝƌĐĂ�ϭϬϬ�Ŷŵ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ͘
EĂŶŽƐĐĂůĞ͘�ϮϬϭϵ͖ϭϭ;ϰͿ͗ϭϲϲϭ-ϭϲϳϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϵͬĐϴŶƌϬϰϲϳϳŚ

ϯ͘ WĞŶĚĞƌƐ�:͕�EĂŐĞůŬĞƌŬĞ��͕��ƵŶŶĂŶĞ��D͕�Ğƚ�Ăů͘�^ŝŶŐůĞ�WĂƌƟĐůĞ��ƵƚŽŵĂƚĞĚ�ZĂŵĂŶ�dƌĂƉƉŝŶŐ��ŶĂůǇƐŝƐ�ŽĨ��ƌĞĂƐƚ��ĂŶĐĞƌ��Ğůů-
�ĞƌŝǀĞĚ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ�ĂƐ��ĂŶĐĞƌ��ŝŽŵĂƌŬĞƌƐ͘���^�EĂŶŽ͘�ϮϬϮϭ͖ϭϱ;ϭϭͿ͗ϭϴϭϵϮ-ϭϴϮϬϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϮϭͬĂĐƐŶĂŶŽ͘ϭĐϬϳϬϳϱ

ϰ͘ �ŶĐŝƐŽ-DĂƌƟŶĞǌ��͕�ǀĂŶ�ĚĞƌ�WŽů��͕�>ĞŶĨĞƌŝŶŬ��dD͕�dĞƌƐƚĂƉƉĞŶ�>tDD͕�ǀĂŶ�>ĞĞƵǁĞŶ�d'͕�KƩŽ��͘�^ǇŶĐŚƌŽŶŝǌĞĚ�ZĂǇůĞŝŐŚ
ĂŶĚ�ZĂŵĂŶ�ƐĐĂƩĞƌŝŶŐ�ĨŽƌ�ƚŚĞ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ƐŝŶŐůĞ�ŽƉƟĐĂůůǇ�ƚƌĂƉƉĞĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ͘�EĂŶŽŵĞĚŝĐŝŶĞ
EĂŶŽƚĞĐŚŶŽůŽŐǇ͕ ��ŝŽů�DĞĚ͘�ϮϬϮϬ͖Ϯϰ͗ϭϬϮϭϬϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĂŶŽ͘ϮϬϭϵ͘ϭϬϮϭϬϵ
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�ůĞŬƐĂŶĚĂƌ DŝůŽƐĂǀůũĞǀŝĐ 
�ĂǇůŽƌ��ŽůůĞŐĞ�ŽĨ�DĞĚŝĐŝŶĞ 

ĞǆZE���ƚůĂƐ͗�Ă�ŐĂƚĞǁĂǇ�ŝŶƚŽ�ƚŚĞ�ǁŽƌůĚ�ŽĨ�ĞǆZE�Ɛ�ĂŶĚ�ƚŚĞŝƌ�ĐĂƌƌŝĞƌƐ�ŝŶ�ŚƵŵĂŶ�
ďŝŽŇƵŝĚƐ͘ 
�ůĞŬƐĂŶĚĂƌ�DŝůŽƐĂǀůũĞǀŝĐ 
�ĂǇůŽƌ��ŽůůĞŐĞ�ŽĨ�DĞĚŝĐŝŶĞ 

�ŽŶƐƚƌƵĐƚŝŽŶ�ŽĨ�ƚŚĞ�ĞǆZE���ƚůĂƐ�ƌĞƐŽƵƌĐĞ�;ŚƚƚƉƐ͗ͬͬĞǆƌŶĂͲĂƚůĂƐ͘ŽƌŐͿ�ǁĂƐ�ĂŶ�ĞĂƌůǇ�ŐŽĂů�ŽĨ�ƚŚĞ��Z���ƉƌŽũĞĐƚ͘��ŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�
ŽƌŝŐŝŶĂů��ƚůĂƐ�;ǀĞƌƐŝŽŶ�ϰWϭ͕�ϮϬϭϴͿ�ǀŝĂ�ĐŽŵƉƵƚĂƚŝŽŶĂů�ĚĞĐŽŶǀŽůƵƚŝŽŶ�ƌĞǀĞĂůĞĚ�ŚŝŐŚ�ĐŽŵƉůĞǆŝƚǇ�ŽĨ�ĞǆZE��ĐĂƌƌŝĞƌƐ͕�ǁŝƚŚ�Ăƚ�
ůĞĂƐƚ�Ɛŝǆ�ǀĞƐŝĐƵůĂƌ�ĂŶĚ�ŶŽŶͲǀĞƐŝĐƵůĂƌ�ĐĂƌƌŝĞƌƐ�ŽĨ�ĚŝƐƚŝŶĐƚ�ĞǆZE��ĐĂƌŐŽ�ŽďƐĞƌǀĂďůĞ�ĂĐƌŽƐƐ�ŚƵŵĂŶ�ďŝŽĨůƵŝĚƐ�;DƵƌŝůůŽ�Ğƚ�Ăů͘�
�Ğůů�ϮϬϭϵͿ͘���ŵŽƌĞ�ƌĞĐĞŶƚ�ĞǆZE�ͲĞ�>/W�ŝŶƚĞƌƐĞĐƚŝŽŶ�ĂŶĂůǇƐŝƐ�;/Ŷ�WƌĞƐƐͿ�ĨƵƌƚŚĞƌ�ƌĞǀĞĂůĞĚ�Ă�ŵĂƉ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ZE��
ďŝŶĚŝŶŐ�ƉƌŽƚĞŝŶƐ�;ĞǆZ�WƐͿ�ĂŶĚ�ĂƐƐŽĐŝĂƚĞĚ�ZE�Ɛ͘�dŚĞ�ƚǁŽ�ŵĂƉƐ�ƉƌŽǀŝĚĞ�ĨŽƵŶĚĂƚŝŽŶĂů�ŬŶŽǁůĞĚŐĞ�ĨŽƌ�ƚŚĞ�ƐƚƵĚŝĞƐ�ŽĨ�
ĞǆƚƌĂĐĞůůƵůĂƌ�ZE��ĐŽŵŵƵŶŝĐĂƚŝŽŶ�ŝŶ�ŚƵŵĂŶƐ͘

�ƚůĂƐ�ƌĞƐŽƵƌĐĞ�ŚŽƐƚƐ�ƚŽŽůƐ�ĨŽƌ�ĂŶĂůǇǌŝŶŐ�ŝŶĚŝǀŝĚƵĂů�ĚĂƚĂƐĞƚƐ�ĂŶĚ�ƐƵďƐĞƋƵĞŶƚ�ŽƉƚŝŽŶĂů�ƐŚĂƌŝŶŐ�ŽĨ�ƚŚĞ�ƵŶŝĨŽƌŵůǇ�ƉƌŽĐĞƐƐĞĚ�
ĚĂƚĂ͘��ƚůĂƐͲŚŽƐƚĞĚ�ĞǆĐĞZƉƚ�ZE�ͲƐĞƋ�ƉƌŽĐĞƐƐŝŶŐ�ƉŝƉĞůŝŶĞ�;ZŽǌŽǁƐŬǇ�Ğƚ�Ăů��Ğůů�^ǇƐƚ�ϮϬϭϵͿ�ŚĂƐ�ƐĞĞŶ�ŵĂũŽƌ�ƵƉƚĂŬĞ�ǁĞůů�
ďĞǇŽŶĚ��Z��͘�ZĞĐĞŶƚ�ĂĚĚŝƚŝŽŶƐ�ŝŶĐůƵĚĞ�ƚŽŽůƐ�ĨŽƌ�ŝŶƚĞƌĂĐƚŝǀĞůǇ�ĞǆƉůŽƌŝŶŐ�ĂŶĚ�ǀŝƐƵĂůŝǌŝŶŐ��ƚůĂƐ�ĚĂƚĂƐĞƚƐ�ĂŶĚ�ĐƵƐƚŽŵ�
ĂŶĂůǇƐŝƐ�;�ďƐƚƌĂĐƚ�ηϭϬͿ͘�&ƵƚƵƌĞ�ĞǆƉĂŶƐŝŽŶƐ�ŽĨ�ƚŚĞ�ƌĞƐŽƵƌĐĞ�ŝŶĐůƵĚĞ�ŝŶƚĞŐƌĂƚŝŽŶ�ǁŝƚŚ�EĂŶŽ&ůŽǁ�ZĞƉŽƐŝƚŽƌǇ�;�ďƐƚƌĂĐƚ�ηϭϰͿ�
ĂŶĚ�ƐƵƉƉŽƌƚ�ĨŽƌ�ŵƵůƚŝͲŽŵŝĐ�ŵĞƚŚŽĚƐ�ĨŽƌ�ĐŽŵƉƌĞŚĞŶƐŝǀĞ�ĐŚĂƌĂĐƚĞƌŝǌĂƚŝŽŶ�ŽĨ�ďŽƚŚ�ƚŚĞ�ĞǆZE�Ɛ�ĂŶĚ�ƚŚĞŝƌ�ĐĂƌƌŝĞƌƐ͘

dĂŬĞŶ�ƚŽŐĞƚŚĞƌ͕�ŽƵƌ�ƌĞƐƵůƚƐ�ĚĞŵŽŶƐƚƌĂƚĞ�ƚŚĞ�ƉŽǁĞƌ�ŽĨ�ƐŚĂƌŝŶŐ�ĞǆZE��ĚĂƚĂ�ĂŶĚ�ƚŽŽůƐ�ƚŚƌŽƵŐŚ�ƚŚĞ�ĞǆZE���ƚůĂƐ�ƌĞƐŽƵƌĐĞ͘�
tĞ�ĂŶƚŝĐŝƉĂƚĞ�ƚŚĂƚ�ƚŚĞ�ĨŽƵŶĚĂƚŝŽŶĂů�ŵĂƉƐ�ĞŶĂďůĞĚ�ďǇ�ĚĂƚĂ�ƐŚĂƌŝŶŐ�ĂŶĚ�ƚŚĞ�ƚŽŽůƐ�ƌĞĂĚŝůǇ�ĂĐĐĞƐƐŝďůĞ�ƚŚƌŽƵŐŚ�ƚŚĞ��ƚůĂƐ�
ƌĞƐŽƵƌĐĞ�ǁŝůů�ĐŽŶƚŝŶƵĞ�ƚŽ�ƐƚŝŵƵůĂƚĞ�ĐŽŵŵƵŶŝƚǇ�ŝŶǀŽůǀĞŵĞŶƚ�ǁŝƚŚ�ƚŚĞ�ƌĞƐŽƵƌĐĞ�ĂŶĚ�ĐĂƚĂůǇǌĞ�ĚŝƐĐŽǀĞƌǇ͘



Abstract # 10 

:ŽĞů ZŽǌŽǁƐŬǇ 
zĂůĞ hŶŝǀĞƌƐŝƚǇ

/ŶƚĞŐƌĂƟǀĞ��ŶĂůǇƐŝƐ�ŽĨ��ǆƚƌĂĐĞůůƵůĂƌ�ZE��WƌŽĮůĞƐ�ĂŶĚ��ƐƐŽĐŝĂƚĞĚ�dŽŽůƐ�ĨŽƌ�
�ŶĂůǇǌŝŶŐ��ǆZE��^ĞƋƵĞŶĐŝŶŐ��ĂƚĂ 
:ŽĞů�ZŽǌŽǁƐŬǇ 
zĂůĞ�hŶŝǀĞƌƐŝƚǇ 

tĞ�ƉƌĞƐĞŶƚ�ĂŶ�ŝŶƚĞŐƌĂƟǀĞ�ĂŶĂůǇƐŝƐ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ZE��;ĞǆZE�Ϳ�ĞǆƉƌĞƐƐŝŽŶ�ƉƌŽĮůĞƐ�ƐƉĂŶŶŝŶŐ�ϲ͕ϵϬϳ�ƐĂŵƉůĞƐ�ĨƌŽŵ�ǀĂƌŝŽƵƐ�
ŚƵŵĂŶ�ďŝŽŇƵŝĚƐ͘��ĂĐŚ�ƉƌŽĮůĞ�ŽƌŝŐŝŶĂƚĞƐ�ĨƌŽŵ�ƚŚĞ�E/,-ĨƵŶĚĞĚ��ǆƚƌĂĐĞůůƵůĂƌ�ZE���ŽŵŵƵŶŝĐĂƟŽŶ��ŽŶƐŽƌƟƵŵ�;�Z��Ϳ͕�
ǁŚŝĐŚ�ƐĞƋƵĞŶĐĞĚ�ƚŚĞ�ƐĂŵƉůĞƐ�ĂŶĚ�ƵŶŝĨŽƌŵůǇ�ƉƌŽĐĞƐƐĞĚ�ƚŚĞ�ƌĞƐƵůƚƐ�ƚŽ�ƋƵĂŶƟĨǇ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ĚĞƚĞĐƚĞĚ�ZE�Ɛ�;Ğ͘Ő͕͘�
ŵŝZE�Ɛ͕�ƉŝZE�Ɛ͕�ƚZE�Ɛ͕�ůŽŶŐĞƌ�ZE�ƐͿ�ĂƐ�ǁĞůů�ĂƐ�ƉŽƚĞŶƟĂů�ĞǆŽŐĞŶŽƵƐ�ZE�Ɛ͘�tĞ�ďƵŝůĚ�ŵĂĐŚŝŶĞ�ůĞĂƌŶŝŶŐ�ŵŽĚĞůƐ�ƚŚĂƚ�
ĞīĞĐƟǀĞůǇ�ĚŝƐƟŶŐƵŝƐŚ�ďĞƚǁĞĞŶ�ďŝŽŇƵŝĚƐ�ĂŶĚ�ŝĚĞŶƟĨǇ�ƚŚĞ�ĞǆZE��ĨĞĂƚƵƌĞƐ͕�ĨƌĞƋƵĞŶƚůǇ�ďŝŽŇƵŝĚ-ƐƉĞĐŝĮĐ͕�ƚŚĂƚ�ĂƌĞ�ŵŽƐƚ�
ŝŶĨŽƌŵĂƟǀĞ�ĨŽƌ�ƚŚŝƐ�ĐůĂƐƐŝĮĐĂƟŽŶ͘�tĞ�ĂůƐŽ�ƐŚŽǁ�ŚŽǁ�ƚŽ�ĐŽŶƐƚƌƵĐƚ�ŵĂĐŚŝŶĞ�ůĞĂƌŶŝŶŐ�ŵŽĚĞůƐ�ƚŚĂƚ�ĚŝīĞƌĞŶƟĂƚĞ�ďĞƚǁĞĞŶ�
ďŝŽůŽŐŝĐĂů�ĐŽŶĚŝƟŽŶƐ͕�ƐƵĐŚ�ĂƐ�ĚŝƐĞĂƐĞ�ƐƚĂƚĞ͕�ƵƐŝŶŐ�ŚƵŵĂŶ�ƉůĂƐŵĂ�ĞǆZE�Ɛ͘�&ƵƌƚŚĞƌŵŽƌĞ͕�ǁĞ�ƐŚŽǁ�ŚŽǁ�ƚŚĞ�ƐŵĂůů�ĞǆZE��
ƉƌŽĮůĞƐ�ŽĨ�ŚƵŵĂŶ�ďŝŽŇƵŝĚƐ�ĐĂŶ�ďĞ�ƌĞůĂƚĞĚ�ƚŽ�ƚŚŽƐĞ�ŽĨ�Ă�ĐŽŵƉĞŶĚŝƵŵ�ŽĨ�ŚƵŵĂŶ�ƟƐƐƵĞƐ�ƚŽ�ŝŶĨĞƌ�ƚŚĞ�ƟƐƐƵĞ-of-origin for 
ĞǆZE�Ɛ�ƉƌĞƐĞŶƚ�ŝŶ�ĐĞůů-frĞĞ�ďŝŽŇƵŝĚƐ͘�>ĂƐƚůǇ͕ �ǁĞ�ƉĞƌĨŽƌŵĞĚ�ĚŝŵĞŶƐŝŽŶĂůŝƚǇ�ƌĞĚƵĐƟŽŶ�ŽŶ�ƚŚŝƐ�ĚĂƚĂƐĞƚ�ƚŚƌŽƵŐŚ�Ă�ƉŝƉĞůŝŶĞ�
ŝŶĐŽƌƉŽƌĂƟŶŐ�W��͕�ƚ^E�͕�s��͕�hD�W͕ �ĂŶĚ�W,�d�͘�tĞ�ĂůƐŽ�ƉƌŽǀŝĚĞ�Ă�ƚŽŽů͕�ĂŵĞŶĂďůĞ�ƚŽ�ƚŚĞ�ƐƵďŵŝƐƐŝŽŶ�ŽĨ�ĐƵƐƚŽŵ�ƵƐĞƌ�
ĂŶĂůǇƐĞƐ͕�ĨŽƌ�ŝŶƚĞƌĂĐƟǀĞůǇ�ĞǆƉůŽƌŝŶŐ�ĂŶĚ�ǀŝƐƵĂůŝǌŝŶŐ�ůŽǁ-ĚŝŵĞŶƐŝŽŶĂů�ƌĞƉƌĞƐĞŶƚĂƟŽŶƐ�ŽĨ�ƚŚĞ�ĚĂƚĂƐĞƚ͘�tĞ�ĂůƐŽ�ƉƌĞƐĞŶƚ�ƚŚĞ�
ŽƚŚĞƌ�ƚŽŽůƐ�ĂŶĚ�ƉŝƉĞůŝŶĞƐ�ĨŽƌ�ƚŚĞ�ĂŶĂůǇƐŝƐ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ZE��ƐĞƋƵĞŶĐŝŶŐ�ĚĂƚĂ͘�/Ŷ�ƉĂƌƟĐƵůĂƌ�ǁĞ�ƉƌĞƐĞŶƚ�ƚŚĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�
ZE�-ƐĞƋ�ƉƌŽĐĞƐƐŝŶŐ�ƉŝƉĞůŝŶĞ�ŽĨ�ƚŚĞ��Z��͘ 
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Sharon ^ƚĂĐŬ 
University of Notre Dame 

�ƉƉůŝĐĂƟŽŶ�ŽĨ��ƐǇŵŵĞƚƌŝĐ�EĂŶŽƉŽƌĞ�DĞŵďƌĂŶĞ�;�EDͿ�dĞĐŚŶŽůŽŐǇ�ƚŽ��ǀĂůƵĂƚĞ�
�ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞ-DĞĚŝĂƚĞĚ�dƵŵŽƌ-,ŽƐƚ��ŽŵŵƵŶŝĐĂƟŽŶ /Ŷ�KǀĂƌŝĂŶ��ĂŶĐĞƌ 

D͘ ^ŚĂƌŽŶ�^ƚĂĐŬϭ͕Ϯ͕�:Ğī�:ŽŚŶƐŽŶϭ͕Ϯ͕�ZĞŝŚĂŶĞŚ�^ĂĨĂǀŝ-^ŽŚŝϭ͕Ϯ͕��ĞŵŝŶŐ�tĂŶŐϯ͕
ZĞďĞĐĐĂ�tŚĞůĂŶϰ͕�ĂŶĚ�,͘�͘��ŚĂŶŐϮ͕ϯ

ϭ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝƐƚƌǇ�Θ��ŝŽĐŚĞŵŝƐƚƌǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ
Ϯ͘ ,ĂƌƉĞƌ��ĂŶĐĞƌ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ
3. �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽůŽŐŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ
ϰ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝƐƚƌǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�<ĂŶƐĂƐ

KǀĂƌŝĂŶ�ĐĂŶĐĞƌ�;Kǀ�ĂͿ�ŝƐ�ƚŚĞ�ĚĞĂĚůŝĞƐƚ�ŐǇŶĞĐŽůŽŐŝĐ�ŵĂůŝŐŶĂŶĐǇ͕ �ǁŝƚŚ�Ă�ĮǀĞ�ǇĞĂƌ�ƐƵƌǀŝǀĂů�ƌĂƚĞ�ŽĨ�ϯϬй͘��ŐĞ�ŝƐ�ƚŚĞ�ŵŽƐƚ�
ƐŝŐŶŝĮĐĂŶƚ ƌŝƐŬ�ĨĂĐƚŽƌ�ĨŽƌ�Kǀ�Ă͕�ǁŝƚŚ�Ă�ŵĞĚŝĂŶ�ĂŐĞ�ŽĨ�ϲϯ�Ăƚ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ŵĞĚŝĂŶ�ĂŐĞ�ŽĨ�ϳϬ�ĨŽƌ�ĐĂŶĐĞƌ-ƌĞůĂƚĞĚ�ĚĞĂƚŚƐ͘�
�ƉŝĚĞŵŝŽůŽŐŝĐĂů�ƐƚƵĚŝĞƐ�ƉĞƌĨŽƌŵĞĚ�ŵŽƌĞ�ƚŚĂŶ�ƚŚƌĞĞ�ĚĞĐĂĚĞƐ�ĂŐŽ�ĚŽĐƵŵĞŶƚĞĚ�Ă�ĚŝƐƉĂƌŝƚǇ�ŝŶ�ĐĂŶĐĞƌ-ƌĞůĂƚĞĚ�ĚĞĂƚŚƐ�
ďĞƚǁĞĞŶ�ǇŽƵŶŐ�ĂŶĚ�ĂŐĞĚ�ƉĂƟĞŶƚƐ�ŝŶĚĞƉĞŶĚĞŶƚ�ŽĨ�ƚƌĞĂƚŵĞŶƚ�ƉĂƚŚǁĂǇ͘�WƌĞ-ĐůŝŶŝĐĂů�ƐƚƵĚŝĞƐ�ĨƌŽŵ�ŽƵƌ�ŐƌŽƵƉ�ƵƐŝŶŐ�ŵƵƌŝŶĞ�
ŵŽĚĞůƐ�ŽĨ�ĂŐŝŶŐ�ƐƵƉƉŽƌƚ�ƚŚĞƐĞ�ĚĂƚĂ͕�ƐŚŽǁŝŶŐ�ŝŶĐƌĞĂƐĞĚ�ƉĞƌŝƚŽŶĞĂů�ƚƵŵŽƌ�ďƵƌĚĞŶ�ŝŶ�ĂŐĞĚ�ŵŝĐĞ�ƌĞůĂƟǀĞ�ƚŽ�ǇŽƵŶŐ�ŝŶ�ďŽƚŚ�
�ϱϳ�ůͬϲ�ĂŶĚ�&s��ďĂĐŬŐƌŽƵŶĚƐ͖�ŚŽǁĞǀĞƌ͕ �ƚŚĞ�ŵŽůĞĐƵůĂƌ�ŵĞĐŚĂŶŝƐŵƐ ďǇ�ǁŚŝĐŚ�ĂŐĞĚ�ŝŶĚŝǀŝĚƵĂůƐ�ĞǆŚŝďŝƚ�ĞŶŚĂŶĐĞĚ�
ŵĞƚĂƐƚĂƟĐ�ŐƌŽǁƚŚ�ƌĞŵĂŝŶƐ�ƵŶĐůĞĂƌ͘ ��Ɛ�ŽŶĞ�ƉŽƚĞŶƟĂů�ŵĞĐŚĂŶŝƐŵ�ŝƐ�ǀŝĂ�ĂůƚĞƌĞĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ�;�sͿ-ŵĞĚŝĂƚĞĚ�
ŚŽƐƚ͗ƚƵŵŽƌ�ĐŽŵŵƵŶŝĐĂƟŽŶ�ǁŝƚŚ�ĂŐŝŶŐ͕�ƚŚĞ�ŽďũĞĐƟǀĞ�ŽĨ�ƚŚŝƐ�ƐƚƵĚǇ�ŝƐ�ƚŽ�ĞǀĂůƵĂƚĞ��sƐ�ŽďƚĂŝŶĞĚ�ĨƌŽŵ�ǇŽƵŶŐ�;zͿ�ǀƐ�ĂŐĞĚ�;�Ϳ�
ŚŽƐƚƐ�ĂŶĚ�ĂƐƐĞƐƐ�ƚŚĞŝƌ�ƌŽůĞ�ŝŶ�Ă�ǀĂƌŝĞƚǇ�ŽĨ�ĨƵŶĐƟŽŶĂů�ƐƚƵĚŝĞƐ͘�/Ŷ�ĐŽůůĂďŽƌĂƟŽŶ�ǁŝƚŚ�ƚŚĞ��ŚĂŶŐ�ůĂď͕�ǁĞ�ŚĂǀĞ�ƵƐĞĚ�
ĂƐǇŵŵĞƚƌŝĐ�ŶĂŶŽƉŽƌĞ�ŵĞŵďƌĂŶĞ�;�EDͿ�ƚĞĐŚŶŽůŽŐǇ�ĨŽƌ�ƌĂƉŝĚ�ƉƵƌŝĮĐĂƟŽŶ�ŽĨ�ŚŝŐŚ-ƋƵĂůŝƚǇ��sƐ�ĨƌŽŵ�ƚŚĞ�ƉĞƌŝƚŽŶĞĂů�ůĂǀĂŐĞ�
of tumor-ŶĂŢǀĞ�z�ǀƐ���ĨĞŵĂůĞ�ŵŝĐĞ�ĂŶĚ�ĨƌŽŵ�ĂƐĐŝƚĞƐ�ŽĨ�ƚƵŵŽƌ�ďĞĂƌŝŶŐ�z�ǀƐ���ĂŶŝŵĂůƐ͘�KƵƌ�ƌĞƐƵůƚƐ�ƐŚŽǁ�ƚŚĂƚ��sƐ�ĨƌŽŵ���
ŚŽƐƚƐ�ŝŶĚƵĐĞ�ƉƌŽ-ŵĞƚĂƐƚĂƟĐ�ďĞŚĂǀŝŽƌƐ�ŝŶ�Ă�ǀĂƌŝĞƚǇ�ŽĨ�ŝŶ�ǀŝƚƌŽ�ĂƐƐĂǇƐ͘��DŽƌĞŽǀĞƌ͕ �ƌĞůĂƟǀĞ�ƚŽ��sƐ�ĨƌŽŵ�z�ŵŝĐĞ͕��sƐ�ĨƌŽŵ���
ŚŽƐƚƐ�ƐŝŐŶŝĮĐĂŶƚůǇ�ĞŶŚĂŶĐĞ�ƚƵŵŽƌ�ĐĞůů�ĂĚŚĞƐŝŽŶ�ƚŽ�ƚŚĞ�ƉĞƌŝƚŽŶĞĂů�ŵĞƐŽƚŚĞůŝƵŵ�ŝŶ�ǀŝǀŽ͕�Ă�ŬĞǇ�ĞĂƌůǇ�ĞǀĞŶƚ�ŝŶ�Kǀ�Ă�
ŵĞƚĂƐƚĂƟĐ�ĚŝƐƐĞŵŝŶĂƟŽŶ͘�/Ŷ�ĐŽůůĂďŽƌĂƟŽŶ�ǁŝƚŚ�ƚŚĞ�tŚĞůĂŶ�ůĂďŽƌĂƚŽƌǇ͕ �ƐƚƵĚŝĞƐ�ĂƌĞ�ƵŶĚĞƌǁĂǇ�ƚŽ�ƵŶĚĞƌƚĂŬĞ�Ă�ĚĞƚĂŝůĞĚ�
ĐŽŵƉĂƌŝƐŽŶ�ŽĨ�ƚŚĞ��s�ƉƌŽƚĞŽŵĞ�ŝŶ�ǀĞƐŝĐůĞƐ�ƉƵƌŝĮĞĚ�ĨƌŽŵ�z�ǀƐ���ŚŽƐƚƐ͘��&ƵƚƵƌĞ�ƐƚƵĚŝĞƐ�ǁŝůů�ĞǆĂŵŝŶĞ�ŚŽǁ��sƐ�ƌĞŐƵůĂƚĞ�ƚŚĞ�
ƉĞƌŝƚŽŶĞĂů�ŝŵŵƵŶĞ�ůĂŶĚƐĐĂƉĞ�ĂŶĚ�ǁŝůů�ĞǀĂůƵĂƚĞ��s�ƉƌŝŵŝŶŐ�ŽĨ�ƚŚĞ�ƉƌĞ-ŵĞƚĂƐƚĂƟĐ�ŶŝĐŚĞ�ŝŶ�ŽǀĂƌŝĂŶ�ĐĂŶĐĞƌ͘ � 



Abstract # 12 

Roger �ůĞǆĂŶĚĞƌ 
�ǆƚƌĂĐĞůůƵůĂƌ�ZE���ŽŵŵƵŶŝĐĂƟŽŶ��ŽŶƐŽƌƟƵŵ 

�Ŷ�ŽǀĞƌǀŝĞǁ�ŽĨ��Z��Ϯ�ƚĞĐŚŶŽůŽŐǇ�ĚĞǀĞůŽƉŵĞŶƚ 
ZŽŐĞƌ�W͘ ��ůĞǆĂŶĚĞƌϭ͕��ĚƵĂƌĚŽ�ZĞĂƚĞŐƵŝϮ͕�:ŽŚŶ�EŽůĂŶϯ͕�>ŽƵŝƐĞ�>ĂƵƌĞŶƚϰ͕�ĨŽƌ�ƚŚĞ��ǆƚƌĂĐĞůůƵůĂƌ�ZE���ŽŵŵƵŶŝĐĂƟŽŶ�
�ŽŶƐŽƌƟƵŵ 
ϭ͘ �ǆƚƌĂĐĞůůƵůĂƌ�ZE���ŽŵŵƵŶŝĐĂƟŽŶ��ŽŶƐŽƌƟƵŵ͕�WŚŽĞŶŝǆ͕����ϴϱϮϱϰ
Ϯ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�Θ��ŝŽŵŽůĞĐƵůĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�dŚĞ�KŚŝŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ŽůƵŵďƵƐ͕�K,�ϰϯϮϭϬ
ϯ͘ dŚĞ�^ĐŝŶƟůůŽŶ�/ŶƐƟƚƵƚĞ͕�^ĂŶ��ŝĞŐŽ͕����ϵϮϭϮϭ
ϰ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�KďƐƚĞƚƌŝĐƐ͕�'ǇŶĞĐŽůŽŐǇ͕ �ĂŶĚ�ZĞƉƌŽĚƵĐƟǀĞ�DĞĚŝĐŝŶĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕���
ϵϮϬϵϯ

dŚĞ�ƚǁŽ�ŵĂŝŶ�ŐŽĂůƐ�ŽĨ�ƚŚĞ�ƐĞĐŽŶĚ�ƐƚĂŐĞ�ŽĨ�ƚŚĞ��ǆƚƌĂĐĞůůƵůĂƌ�ZE���ŽŵŵƵŶŝĐĂƟŽŶ��ŽŶƐŽƌƟƵŵ�;�Z��ϮͿ�ĂƌĞ�ƚŽ�ĚĞǀĞůŽƉ�
ƚĞĐŚŶŽůŽŐŝĞƐ�ϭͿ�ƚŽ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ƐŝŶŐůĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂŶĚ�ƚŚĞŝƌ�ĐĂƌŐŽ͕�ĂŶĚ�ϮͿ�ƚŽ�ďĞƩĞƌ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ƚŚĞ�ŵŽůĞĐƵůĂƌ�
ĐĂƌƌŝĞƌƐ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ZE�͘�EĞǁ�ƚĞĐŚŶŝƋƵĞƐ�ĚĞǀĞůŽƉĞĚ�ďǇ��Z��Ϯ�ƌĞƐĞĂƌĐŚĞƌƐ�ũŽŝŶ�ĂŶ�ĂůƌĞĂĚǇ�ĚŝǀĞƌƐĞ�ĂƌƌĂǇ�ŽĨ�ŵĞƚŚŽĚƐ�
ĂŶĚ�ŝŶƐƚƌƵŵĞŶƚƐ�ƚŚĂƚ�ŚĂǀĞ�ďĞĞŶ�ďƌŽƵŐŚƚ�ƚŽ�ďĞĂƌ�ŽŶ�ƚŚĞ�ƉƌŽďůĞŵ�ŽĨ�ƐƚƵĚǇŝŶŐ��sƐ�ĂŶĚ�ĞǆZE�Ɛ͘ 

tĞ�ŚĂǀĞ�ĚĞǀĞůŽƉĞĚ�ĂŶ�͟�Z��Ϯ�dĞĐŚŶŽůŽŐǇ�DĂƚƌŝǆ͟�ƚŽ�ƚƌǇ�ƚŽ�ďƌŝŶŐ�ŽƌĚĞƌ�ƚŽ�ƚŚŝƐ�ĐŽŵƉůĞǆ�ůĂŶĚƐĐĂƉĞ͘�tĞ�ŐƌŽƵƉĞĚ�ƚŚĞ�
ĚŝīĞƌĞŶƚ�ŵĞƚŚŽĚƐ�ĨŽƌ�ĞǆZE��ͬ��s�ƌĞƐĞĂƌĐŚ�ďǇ�ƚŚĞŝƌ�ŵĂŝŶ�Ăŝŵ�–– &ƌĂĐƟŽŶĂƟŽŶ͕��ƵůŬ��ŶĂůǇƐŝƐ͕�Žƌ�^ŝŶŐůĞ�WĂƌƟĐůĞ��ŶĂůǇƐŝƐ�–– 
ĂŶĚ�ŽŶ�Ă�ĚŝīĞƌĞŶƚ�ĂǆŝƐ�ďǇ�Ă�ƐĞƚ�ŽĨ�ŵĞƚƌŝĐƐ�ůŝŬĞ�ƐƉĞĞĚ͕ ƚŚƌŽƵŐŚƉƵƚ͕�ƐĐĂůĞ͕�ůŝŵŝƚƐ�ŽĨ�ĚĞƚĞĐƟŽŶ͕�ĂŶĚ�ŝŶƐƚƌƵŵĞŶƚ�ĐŽƐƚ͘�dŚĞ�
ƌĞƐƵůƟŶŐ�ŽǀĞƌǀŝĞǁ�ƚĂďůĞ�ƐŚŽǁƐ�ŝŶƐƚƌƵŵĞŶƚƐ�ĨƌŽŵ�ďŽƚŚ�ĐŽŵŵĞƌĐŝĂů�ǀĞŶĚŽƌƐ�ĂŶĚ��Z��Ϯ�ƌĞƐĞĂƌĐŚ�ŐƌŽƵƉƐ͘�/Ŷ�ƚŚĞ�ŽǀĞƌǀŝĞǁ�
ƚĂďůĞ͕�ŵĞƚƌŝĐƐ�ĂƌĞ�ďŝŶŶĞĚ�ŝŶƚŽ�ƚŚĞ�ƌŽƵŐŚ�ĐĂƚĞŐŽƌŝĞƐ�ŽĨ�,ŝŐŚ͕�DĞĚŝƵŵ͕�ĂŶĚ�>Žǁ͕�ďƵƚ�ĨƵƌƚŚĞƌ�ŝŶĨŽƌŵĂƟŽŶ�ĂďŽƵƚ�ĞĂĐŚ�
ƚĞĐŚŶŽůŽŐǇ�ŝƐ�ĂǀĂŝůĂďůĞ�ŝŶ�Ă�ŵŽƌĞ�ŝŶ-ĚĞƉƚŚ�ƚĂďůĞ�ƚŚĂƚ�ŝŶĐůƵĚĞƐ�ŶƵŵĞƌŝĐĂů�ĞƐƟŵĂƚĞƐ�ŽĨ�ƚŚĞ�ŵĞƚƌŝĐƐ�ĂŶĚ�ĚĞƚĂŝůƐ�ĂďŽƵƚ�ƚŚŝŶŐƐ�
ůŝŬĞ�ƉƌĞƉĂƌĂƟŽŶ�ŽĨ�ŝŶƉƵƚ�ŵĂƚĞƌŝĂůƐ͘��ĂĐŚ�ůĂď�ǁĂƐ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ĐĂƚĞŐŽƌŝǌŝŶŐ�ŝƚƐ�ŽǁŶ�ŝŶƐƚƌƵŵĞŶƚƐ͕�ĂŶĚ�ǁĞ�ƚŽŐĞƚŚĞƌ�ĂƌĞ�
ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ƚŚĞ�ŐƌŽƵƉŝŶŐ�ŽĨ�ĐŽŵŵĞƌĐŝĂů�ŝŶƐƚƌƵŵĞŶƚƐ͘�/Ŷ�ƐŽŵĞ�ĂƌĞĂƐ�ǁĞ�ĚŽ�ŶŽƚ�ŚĂǀĞ�ƉƌĞĐŝƐĞ�ŶƵŵďĞƌƐ͕�Žƌ�ƚŚĞƌĞ�ŝƐ�ŶŽ�
ĐŽŶƐĞŶƐƵƐ�ŝŶ�ƚŚĞ�ĮĞůĚ�ĂďŽƵƚ�ƚŚĞ�ŵŽƐƚ�ŝŵƉŽƌƚĂŶƚ�ŵĞƚƌŝĐƐ͕�ďƵƚ�ǁŚĂƚ�ǁĞ�ƉƌĞƐĞŶƚ�ŝŶ�ƚŚĞ�ƚĂďůĞ�ŝƐ�ƚŚĞ�ďĞƐƚ�ǁĞ�ƚŚŝŶŬ�ŝƐ�
ĐƵƌƌĞŶƚůǇ�ƉŽƐƐŝďůĞ�ďĂƐĞĚ�ŽŶ�ŽƵƌ�ĐŽůůĞĐƟǀĞ�ĞīŽƌƚ͘ 

tĞ�ŚŽƉĞ�ƚŚĂƚ�ƚŚŝƐ��Z��Ϯ�dĞĐŚŶŽůŽŐǇ�DĂƚƌŝǆ�ǁŝůů�ƉƌŽǀŝĚĞ�ƵƐĞĨƵů�ŐƵŝĚĂŶĐĞ�ƚŽ�ƌĞƐĞĂƌĐŚĞƌƐ�ŶĞǁ�ƚŽ�ƚŚĞ�ĮĞůĚ�ĂŶĚ�ǁŝůů�ŝŶĨŽƌŵ�
ƚŚĞ�ĞǆŝƐƟŶŐ�ĞǆZE�- ĂŶĚ��s�ƌĞƐĞĂƌĐŚ�ĐŽŵŵƵŶŝƟĞƐ�ĂďŽƵƚ�ŚŽǁ��Z��Ϯ�ƚĞĐŚŶŽůŽŐǇ�ĚĞǀĞůŽƉŵĞŶƚ ĞīŽƌƚƐ�Įƚ�ŝŶ�ƚŽ�ƚŚĞ�
ďƌŽĂĚĞƌ�ůĂŶĚƐĐĂƉĞ�ŽĨ�ƌĞƐĞĂƌĐŚ�ƚŽŽůƐ͘ 



Abstract # 13 

:ƵƐƟŶ Chang 
zĂůĞ�hŶŝǀĞƌƐŝƚǇ 

sŝƐƵĂůŝǌŝŶŐ�ĚŝŵĞŶƐŝŽŶĂůůǇ�ƌĞĚƵĐĞĚ��ƚůĂƐ�ĚĂƚĂ͗�ƚŚĞ�ĞǆZE���ǆƉůŽƌĞƌ�dŽŽů 
:ƵƐƟŶ��ŚĂŶŐ͕�:ŽĞů�ZŽǌŽǁƐŬǇ 
DŽůĞĐƵůĂƌ��ŝŽƉŚǇƐŝĐƐ�ĂŶĚ��ŝŽĐŚĞŵŝƐƚƌǇ͕ �zĂůĞ�hŶŝǀĞƌƐŝƚǇ͕ �EĞǁ�,ĂǀĞŶ��d 

�ĂĐŬŐƌŽƵŶĚ 

�ǆƚƌĂĐĞůůƵůĂƌ�ZE�Ɛ�;ĞǆZE�ƐͿ�ĂŶĚ�ƚŚĞŝƌ�ĂƐƐŽĐŝĂƚĞĚ�ZE��ďŝŶĚŝŶŐ�ƉƌŽƚĞŝŶƐ�;Z�WƐͿ�ĐŽŵƉƌŝƐĞ�ĂŶ�ŝŶŇƵĞŶƟĂů�ŵĞĐŚĂŶŝƐŵ�ŽĨ�
ĐĞůůƵůĂƌ�ĐŽŵŵƵŶŝĐĂƟŽŶ͘��ůƚŚŽƵŐŚ�ƚŚĞƐĞ�ƌŽůĞƐ�ĂƌĞ�ǇĞƚ�ƚŽ�ďĞ�ĨƵůůǇ�ĞůƵĐŝĚĂƚĞĚ͕�ƚŚĞ�ƉĂĐŬĂŐŝŶŐ�ŽĨ�ŐĞŶĞ-ĞŶĐŽĚŝŶŐ�ĞǆZE�Ɛ�ĂŶĚ�
ƚŚĞ�ƌĞŐƵůĂƚŽƌǇ�ƌŽůĞƐ�ŽĨ ĞǆZE�-ĂƐƐŽĐŝĂƚĞĚ�Z�WƐ�ŝŶ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ĂƌĞ�ĂƌĞĂƐ�ŽĨ�ĂĐƟǀĞ�ŝŶǀĞƐƟŐĂƟŽŶ͘�dŚĞ��ǆƚƌĂĐĞůůƵůĂƌ�ZE��
�ŽŵŵƵŶŝĐĂƟŽŶ��ŽŶƐŽƌƟƵŵ�;�Z��Ϳ�ŚĂƐ�ŐĞŶĞƌĂƚĞĚ�ĂŶ�ĞǆZE���ƚůĂƐ�ĨŽƌ�ƚŚĞ�ďƌŽĂĚĞƌ�ƐĐŝĞŶƟĮĐ�ĐŽŵŵƵŶŝƚǇ͕ �ǁŚŝĐŚ�ƌĞĐŽƌĚƐ�
ƚŚĞ�ĞǆZE��ĞǆƉƌĞƐƐŝŽŶ�ƉƌŽĮůĞƐ�ŽĨ�ŽǀĞƌ�ϲϬϬϬ�ƐĂŵƉůĞƐ�ĂŶĚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ŽǀĞƌ�ϭ͕ϰϬϬ͕ϬϬϬ�ĚŝƐƟŶĐƚ�Z�W�ƐŝƚĞƐ�ŝŶ�ĚĞƚĞĐƚĞĚ�
ĞǆZE�Ɛ͘��ƵĞ�ƚŽ�ŝŵƉƌŽǀĞĚ�ĮůƚĞƌŝŶŐ͕�ƐƚĂŶĚĂƌĚŝǌĂƟŽŶ͕�ĂŶĚ�ƌŽďƵƐƚŶĞƐƐ�ŝŶ�ĞǆZE��ƐĞƋƵĞŶĐŝŶŐ͕�ƚŚĞ�ǀŽůƵŵĞ�ŽĨ�ĐŽŵƉůĞǆ�ĚĂƚĂ�
ĂǀĂŝůĂďůĞ�ƚŽ�ƌĞƐĞĂƌĐŚĞƌƐ�ǁŝůů�ŽŶůǇ�ŝŶĐƌĞĂƐĞ�ŝŶ�ĐŽŵŝŶŐ�ǇĞĂƌƐ͘� 

Aims 

dŚĞƌĞĨŽƌĞ͕�ǁĞ�Ăŝŵ�ƚŽ�ĂƉƉůǇ�ĚŝŵĞŶƐŝŽŶĂůŝƚǇ�ƌĞĚƵĐƟŽŶ�- ĞŶĐŽĚŝŶŐ�ŚŝŐŚ-ĚŝŵĞŶƐŝŽŶĂů�ƚĂďƵůĂƌ�ĚĂƚĂ�ŝŶƚŽ�Ă�ůŽǁĞƌ�ŶƵŵďĞƌ�ŽĨ�
ĚŝŵĞŶƐŝŽŶƐ�- ŝŶ�ŽƌĚĞƌ�ƚŽ�ŝĚĞŶƟĨǇ�ĂŶĚ�ǀŝƐƵĂůŝǌĞ�ƉĂƩĞƌŶƐ�ŝŶ�ĞǆZE��ͬ�Z�W�ĚĂƚĂ͘�dŚĞ�ĞǆZE���ǆƉůŽƌĞƌ�dŽŽů͕�ĂǀĂŝůĂďůĞ�ƚŚƌŽƵŐŚ�
ƚŚĞ�ĞǆZE���ƚůĂƐ͕�ƐƚŽƌĞƐ�ƉƌĞĐŽŵƉƵƚĞĚ�ĂŶĂůǇƐĞƐ�ŽŶ��t^�^ϯ�ĂŶĚ�ƌĞƚƌŝĞǀĞƐ�ƚŚĞŵ�ĨŽƌ�ŝŶƚĞƌĂĐƟǀĞ�ǀŝƐƵĂůŝǌĂƟŽŶ�Žƌ�ĞǆƉŽƌƚ�ĨŽƌ�
ƐƵďƐĞƋƵĞŶƚ�ĚŽǁŶƐƚƌĞĂŵ�ƉƌŽĐĞƐƐŝŶŐ͘� 

DĞƚŚŽĚŽůŽŐǇ 

�ƵƌƌĞŶƚ�ĚĂƚĂƐĞƚƐ�ŝŶĐůƵĚĞ�ŵŝZE�Ɛ͕�ƉŝZE�Ɛ͕�ƚZE�Ɛ͕�ĐŝƌĐƵůĂƌ�ZE�Ɛ͕�ĞǆŽŐĞŶŽƵƐ�ŵŝZE�Ɛ͕�ZE�Ɛ�ĨƌŽŵ�ŵŝĐƌŽďĞƐ�ŝŶ�ƚŚĞ�ŚƵŵĂŶ�
ďŽĚǇ͕ �ĂŶĚ�Z�W�ƐŝƚĞ�ĂǀĂŝůĂďŝůŝƚǇ�ĐŽƵŶƚƐ͘�dŚĞ�ĚĂƚĂ�ǁĞƌĞ�ĂŐŐƌĞŐĂƚĞĚ�ĨƌŽŵ�ƚŚĞ�ĞǆZE���ƚůĂƐ�sϮ�ĂŶĚ�ĂƐƐĞŵďůĞĚ�ŝŶƚŽ�ƚĂďůĞƐ͕�
ǁŝƚŚ�ƐĂŵƉůĞƐ�ĂƐ�ƌŽǁƐ�ĂŶĚ�ƐĞƋƵĞŶĐĞ�ĐŽƵŶƚƐ�ĂƐ�ĐŽůƵŵŶƐ͘��ĂƐĞĚ�ŽŶ�ƚŚĞ�ƉĂƌĂŵĞƚĞƌƐ�ĨŽƌ�ĞĂĐŚ�ƌĞƋƵĞƐƚĞĚ�ĂŶĂůǇƐŝƐ͕�
ĐŽƌƌĞƐƉŽŶĚŝŶŐ�ƐĐĂůŝŶŐ�ĂŶĚ�ŶŽƌŵĂůŝǌĂƟŽŶ�ŵĞƚŚŽĚƐ�ĂƌĞ�ĂƉƉůŝĞĚ͘�tĞ�ƚŚĞŶ�ĂƉƉůǇ�Ă�ǀĂƌŝĞƚǇ�ŽĨ�ĚŝŵĞŶƐŝŽŶĂůŝƚǇ�ƌĞĚƵĐƟŽŶ�
ŵĞƚŚŽĚƐ͕�ĞĂĐŚ�ǁŝƚŚ�ƵŶŝƋƵĞ�ƐƚƌĞŶŐƚŚƐ�ĂŶĚ�ǁĞĂŬŶĞƐƐĞƐ͘�^ƉĞĐŝĮĐĂůůǇ͕ �ǁĞ�ƵƐĞ�ƉƌŝŶĐŝƉĂů�ĐŽŵƉŽŶĞŶƚ�ĂŶĂůǇƐŝƐ�;W��Ϳ͕�ƚƌĂŝŶĞĚ�
ǀĂƌŝĂƟŽŶĂů�ĂƵƚŽĞŶĐŽĚĞƌƐ�;s��Ϳ͕�ƵŶŝĨŽƌŵ�ŵĂŶŝĨŽůĚ�ĂƉƉƌŽǆŝŵĂƟŽŶ�ĂŶĚ�ƉƌŽũĞĐƟŽŶ�;hD�WͿ͕�WŽƚĞŶƟĂů�ŽĨ�,ĞĂƚ�ĚŝīƵƐŝŽŶ�ĨŽƌ�
�ĸŶŝƚǇ-ďĂƐĞĚ�dƌĂŶƐŝƟŽŶ��ŵďĞĚĚŝŶŐ�;W,�d�Ϳ͕�ĂŶĚ�ƚ-�ŝƐƚƌŝďƵƚĞĚ�^ƚŽĐŚĂƐƟĐ�EĞŝŐŚďŽƌ��ŵďĞĚĚŝŶŐ�;ƚ^E�Ϳ͘�hƐĞƌƐ�ĂƌĞ�ĂůƐŽ�
ĂďůĞ�ƚŽ�ƐĞƚ�ĞǆƉƌĞƐƐŝŽŶ�ƚŚƌĞƐŚŽůĚƐ�ĂŶĚ�ĐŽƵŶƚ�ƐĞƋƵĞŶĐĞƐ�ĂĐƌŽƐƐ�ƟƐƐƵĞƐ�ƚŚƌŽƵŐŚ�hƉ^ĞƚZ�ƉůŽƚƐ͕�ǁŚŝĐŚ�ŐĞŶĞƌĂůŝǌĞ�ƚŚĞ�
ĨƵŶĐƟŽŶĂůŝƚǇ�ŽĨ�sĞŶŶ�ĚŝĂŐƌĂŵƐ͘ 

ZĞƐƵůƚƐ 

�ƵƌƌĞŶƚůǇ͕ �ǁĞ�ŚĂǀĞ�ƉƌĞĐŽŵƉƵƚĞĚ�ŽǀĞƌ�ϲϬ͕ϬϬϬ�ĂŶĂůǇƐĞƐ�ĂŶĚ�ŚĂǀĞ�ĨƵŶĐƟŽŶĂůŝƚǇ�ĨŽƌ�ĨƵůĮůůŝŶŐ�ĐƵƐƚŽŵ�ƌĞƋƵĞƐƚƐ͘�
�ŝŵĞŶƐŝŽŶĂůůǇ�ƌĞĚƵĐĞĚ�ĚĂƚĂ�ĐĂŶ�ďĞ�ŝŶƚĞƌĂĐƟǀĞůǇ�ǀŝƐƵĂůŝǌĞĚ�ŝŶ�ŽŶĞ�ŽĨ�ƐĞǀĞƌĂů�ĨŽƌŵƐ͗�ƚǁŽ-ĚŝŵĞŶƐŝŽŶĂů�ƐĐĂƩĞƌƉůŽƚƐ͕�ƚŚƌĞĞ-
ĚŝŵĞŶƐŝŽŶĂů�ƐĐĂƩĞƌƉůŽƚƐ͕�ďŽǆ�ƉůŽƚƐ͕�hƉ^ĞƚZ�ƉůŽƚƐ͕�Žƌ�ŚĞĂƚŵĂƉƐ͘�/Ŷ�ƚŚĞƐĞ�ǀŝƐƵĂůŝǌĂƟŽŶƐ͕�ĐŽůŽƌƐ͕�ƐŚĂƉĞƐ͕�ĂŶĚ�ůĂďĞůƐ�ĂƌĞ�
ƵƐĞĚ�ƚŽ�ĚŝīĞƌĞŶƟĂƚĞ�ƐĂŵƉůĞƐ�ĂĐƌŽƐƐ�ĂǀĂŝůĂďůĞ�ŵĞƚĂĚĂƚĂ�ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ͕�ƐƵĐŚ�ĂƐ�ĚŝƐĞĂƐĞ�ƐƚĂƚĞ͕ ďŝŽŇƵŝĚ͕�Žƌ�ƟƐƐƵĞ͘�
^ƵďƐĞƫŶŐ�ŝƐ�ƐƵƉƉŽƌƚĞĚ�ďĞĨŽƌĞ�ĂŶĚ�ĂŌĞƌ�ĚŝŵĞŶƐŝŽŶĂůŝƚǇ�ƌĞĚƵĐƟŽŶ͕�ĂůůŽǁŝŶŐ�ĨŽƌ�ƌĞĚƵĐƟŽŶ�ďĂƐĞĚ�ŽŶ�ĐĞƌƚĂŝŶ�ĚŝƐĞĂƐĞ�ƐƚĂƚĞƐ�
Žƌ�ďŝŽŇƵŝĚƐ͕�ĂƐ�ǁĞůů�ĂƐ�ŝĚĞŶƟĨǇŝŶŐ�ƟƐƐƵĞ-ƐƉĞĐŝĮĐ�Žƌ�ĚŝƐĞĂƐĞ-ƐƉĞĐŝĮĐ�ƉĂƩĞƌŶƐ�ŝŶ�ďƌŽĂĚĞƌ�ƌĞĚƵĐƟŽŶƐ͘�dŽ�ǀŝĞǁ ƚŚĞ�ƌĞĚƵĐĞĚ�
ĚĂƚĂ�ĚŝƌĞĐƚůǇ͕ �ŝŶƚĞƌĂĐƟǀĞ�ƚĂďůĞƐ�ĂƌĞ�ĂůƐŽ�ƐƵƉƉŽƌƚĞĚ͘ 

�ŽŶĐůƵƐŝŽŶƐ 

dŚĞ�ĞǆZE���ǆƉůŽƌĞƌ�dŽŽů�ĞŶĂďůĞƐ�ƚŚĞ�ŝŶƚĞƌĂĐƟǀĞ�ĞǆƉůŽƌĂƟŽŶ�ŽĨ�ĚŝŵĞŶƐŝŽŶĂůůǇ�ƌĞĚƵĐĞĚ�ĞǆZE��ͬ�Z�W�ƉƌŽĮůĞƐ�Ăƚ�ƐĐĂůĞ͘�tĞ�
ǁĞůĐŽŵĞ�ĚŝƐĐƵƐƐŝŽŶ�ŽŶ�ƚŚĞ�ƚŽŽů�ĂŶĚ�ǁŚĞƚŚĞƌ�ŝƚ�ŵĂǇ�ďĞ�ĂƉƉůŝĐĂďůĞ�ƚŽ�ƌĞƐĞĂƌĐŚ�ŝŶ�ƚŚĞ�ďƌŽĂĚĞƌ��Z���ĐŽŵŵƵŶŝƚǇ͘ 



Abstract # 14 

Jessie Arce 
�ĂǇůŽƌ��ŽůůĞŐĞ�ŽĨ�DĞĚŝĐŝŶĞ 

dŚĞ�EĂŶŽ&ůŽǁ�ZĞƉŽƐŝƚŽƌǇ͗���ZĞƐŽƵƌĐĞ�ĨŽƌ�^ŚĂƌŝŶŐ�^ƚĂŶĚĂƌĚƐ-�ŽŵƉůŝĂŶƚ�
DĞƚĂĚĂƚĂ�ĂŶĚ��ĂƚĂ�ĨŽƌ�&ůŽǁ��ǇƚŽŵĞƚƌǇ��ǆƉĞƌŝŵĞŶƚƐ�ŝŶǀŽůǀŝŶŐ��ǆƚƌĂĐĞůůƵůĂƌ�
sĞƐŝĐůĞƐ�ĂŶĚ�ŽƚŚĞƌ�WĂƌƟĐůĞƐ 
:ĞƐƐŝĞ��͘��ƌĐĞϭΎ͕�:ŽƐŚƵĂ��͘�tĞůƐŚϮΎ͕�^ĞĂŶ��ŽŽŬϮ͕�:ŽŚŶ�dŝŐŐĞƐϯ͕�/ŽŶŝƚĂ�'ŚŝƌĂŶϯ͕�:ĞŶŶŝĨĞƌ��͘�:ŽŶĞƐϮ͕��ŶĚƌĞǁ�:ĂĐŬƐŽŶϭ͕�
DĂƩŚĞǁ�ZŽƚŚϭ͕��ůĞŬƐĂŶĚĂƌ�DŝůŽƐĂǀůũĞǀŝĐϭ 
ϭ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�DŽůĞĐƵůĂƌ�ĂŶĚ�,ƵŵĂŶ�'ĞŶĞƟĐƐ͕��ĂǇůŽƌ��ŽůůĞŐĞ�ŽĨ�DĞĚŝĐŝŶĞ͕�,ŽƵƐƚŽŶ͕�dy͕�h^�͘
Ϯ͘ dƌĂŶƐůĂƟŽŶĂů�EĂŶŽďŝŽůŽŐǇ�^ĞĐƟŽŶ͕�>ĂďŽƌĂƚŽƌǇ�ŽĨ�WĂƚŚŽůŽŐǇ͕ ��ĞŶƚĞƌ�ĨŽƌ��ĂŶĐĞƌ�ZĞƐĞĂƌĐŚ͕�EĂƟŽŶĂů��ĂŶĐĞƌ�/ŶƐƟƚƵƚĞ͕
EĂƟŽŶĂů�/ŶƐƟƚƵƚĞƐ�ŽĨ�,ĞĂůƚŚ͕��ĞƚŚĞƐĚĂ͕�D�͕�h^�͘
ϯ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĚŝĐŝŶĞ͕��ĞƚŚ�/ƐƌĂĞů��ĞĂĐŽŶĞƐƐ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů͕��ŽƐƚŽŶ͕�D�͕�h^�͘

�ĂĐŬŐƌŽƵŶĚ͗��ǆƚƌĂĐĞůůƵůĂƌ�WĂƌƟĐůĞƐ�;�WƐͿ͕�ŝŶĐůƵĚŝŶŐ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ͕�ŚĂǀĞ�ďĞĞŶ�ŝĚĞŶƟĮĞĚ�ĂƐ�ŝŵƉŽƌƚĂŶƚ�ĐĂƌƌŝĞƌƐ 
ŽĨ�ĞǆZE��ĂŶĚ�ŵĞĚŝĂƚŽƌƐ�ŽĨ�ŝŶƚĞƌĐĞůůƵůĂƌ�ĐŽŵŵƵŶŝĐĂƟŽŶ�ĂŶĚ�ŝŵƉůŝĐĂƚĞĚ�ŝŶ�ǀĂƌŝŽƵƐ�ďŝŽůŽŐŝĐĂů�ĂŶĚ�ƉĂƚŚŽůŽŐŝĐĂů�ƉƌŽĐĞƐƐĞƐ͘�
&ůŽǁ�ĐǇƚŽŵĞƚƌǇ�ŝƐ�Ă�ǁŝĚĞůǇ�ƵƐĞĚ�ŵĞƚŚŽĚ�ĨŽƌ�ĂŶĂůǇǌŝŶŐ��WƐ͕�ďƵƚ�ƚŚĞ�ŶĞĞĚ�ĨŽƌ�ƐƚĂŶĚĂƌĚŝǌĞĚ�ƌĞƉŽƌƟŶŐ�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�
ŵĞƚĂĚĂƚĂ�ůŝŵŝƚƐ�ƚŚĞ�ƌĞƉƌŽĚƵĐŝďŝůŝƚǇ�ĂŶĚ�ĐŽŵƉĂƌĂďŝůŝƚǇ�ŽĨ��s�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�ƐƚƵĚŝĞs. 

�ŝŵƐ͗�dŽ�ĚĞǀĞůŽƉ�Ă�ƌĞƐŽƵƌĐĞ�ĨŽƌ�ƐŚĂƌŝŶŐ�ƐƚĂŶĚĂƌĚ-ĐŽŵƉůŝĂŶƚ�ŵĞƚĂĚĂƚĂ�ĂŶĚ�ĚĂƚĂ�ĨŽƌ��W-ƌĞůĂƚĞĚ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�
ĞǆƉĞƌŝŵĞŶƚƐ�ĂŶĚ�ƚŽ�ƉƌŽŵŽƚĞ�ƌŝŐŽƌ�ĂŶĚ�ƌĞƉƌŽĚƵĐŝďŝůŝƚǇ�ŝŶ��W�ĂŶĚ�ĞǆZE��ƌĞƐĞĂƌĐŚ͘ 

DĞƚŚŽĚŽůŽŐǇ͗�tĞ�ĚĞǀĞůŽƉĞĚ�dŚĞ�EĂŶŽ&ůŽǁ�ZĞƉŽƐŝƚŽƌǇ�ĂƐ�ĂŶ�ŽŶůŝŶĞ�ƉůĂƞŽƌŵ�ƚŽ�ĨĂĐŝůŝƚĂƚĞ�ƐŚĂƌŝŶŐ�ŽĨ��W�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�
ĚĂƚĂ�ĂŶĚ�ƐƚĂŶĚĂƌĚƐ-ĐŽŵƉůŝĂŶƚ�ŵĞƚĂĚĂƚĂ͘�dŚŝƐ�ŝŶŝƟĂůůǇ�ĨŽĐƵƐĞĚ�ŽŶ�ƐŝŶŐůĞ��s�ŇŽǁ�ĐǇƚŽŵĞƚĞƌ�;�s-&�Ϳ�ĂŶĚ�ďĞĂĚ-ďĂƐĞĚ�ĂƐƐĂǇƐ�
ĂŶĚ�ŚĂƐ�ďĞĞŶ�ĞǆƉĂŶĚĞĚ�ƚŽ�ŝŶĐůƵĚĞ�ZƌĞƐŝƐƟǀĞ�ƉƵůƐĞ�ƐĞŶƐŝŶŐ�;ZW^Ϳ�ĂŶĂůǇƐĞƐ͘�dŚĞ�ŵĞƚĂĚĂƚĂ ŝŶĐůƵĚĞƐ�ŝŶĨŽƌŵĂƟŽŶ�ĂďŽƵƚ�ƚŚĞ�
ĞǆƉĞƌŝŵĞŶƚĂů�ĚĞƐŝŐŶ͕�ƐĂŵƉůĞƐ͕�ŝŶƐƚƌƵŵĞŶƚ�ĐŽŶĮŐƵƌĂƟŽŶ͕�ĂŶĚ�ĂŶĂůǇƐŝƐ�ƉĂƌĂŵĞƚĞƌƐ͕�ĨŽůůŽǁŝŶŐ�ƚŚĞ�D/&ůŽǁ�Ǉƚ-�s�
ĨƌĂŵĞǁŽƌŬ͘�dŚĞ�ƉůĂƞŽƌŵ�ĂůůŽǁƐ�ĨŽƌ�ĞĂƐǇ�ĚĂƚĂƐĞƚ�ĚŝƐĐŽǀĞƌǇ͕ �ĞǆƉůŽƌĂƟŽŶ͕�ĂŶĚ�ĚŽǁŶůŽĂĚ͕�ǁŝƚŚ�ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�ĮůƚĞƌ�ĚĂƚasets 
ďĂƐĞĚ�ŽŶ�ǀĂƌŝŽƵƐ�ƉĂƌĂŵĞƚĞƌƐ͕�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�ƚǇƉĞ�ŽĨ�ŇŽǁ�ĐǇƚŽŵĞƚĞƌ�ƵƐĞĚ�ƚŽ�ŐĞŶĞƌĂƚĞ�ƚŚĞ�ĚĂƚĂ͘��&Žƌ�ĞŶŚĂŶĐŝŶŐ�
ƌĞƉƌŽĚƵĐŝďŝůŝƚǇ�ĂŶĚ�ƐƚĂŶĚĂƌĚŝǌĂƟŽŶ͕�ƚŚĞ�ƌĞƉŽƐŝƚŽƌǇ�ƐƵƉƉŽƌƚƐ�ƚŚĞ�ĚĞƉŽƐŝƟŽŶ�ŽĨ�&�DW�^^͕�DW�W�^^͕�ĂŶĚ�ZW^W�^^�
ĐĂůŝďƌĂƚĞĚ�ĚĂƚĂƐĞƚƐ͕�ĞŶĂďůŝŶŐ�ƚŚĞ ƐĐŝĞŶƟĮĐ�ĐŽŵŵƵŶŝƚǇ�ƚŽ�ƐŚĂƌĞ͕�ĐŽŵƉĂƌĞ͕�ĂŶĚ�ǀĂůŝĚĂƚĞ��W-&��ĞǆƉĞƌŝŵĞŶƚƐ�ŵŽƌĞ�
ĐŽŵƉƌĞŚĞŶƐŝǀĞůǇ͘�ZĞƐĞĂƌĐŚĞƌƐ�ĐĂŶ�ĐƌĞĂƚĞ�ĂŶ�ĂĐĐŽƵŶƚ�ƚŽ�ƵƉůŽĂĚ��W-&��ĚĂƚĂ�ĮůĞƐ�ĂŶĚ�ůŝŶŬ�ƚŚĞŵ�ƚŽ�ƉƵďůŝĐĂƟŽŶƐ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�
ƚŚĞ�ƉůĂƞŽƌŵ�ƉƌŽǀŝĚĞƐ�ĂĐĐĞƐƐ�ƚŽ�D/&ůŽǁ�Ǉƚ�ĂŶĚ�D/&ůŽǁ�Ǉƚ-�s�ƌĞƉŽƌƚƐ͕�ƐĂŵƉůĞƐ͕�ĂŶĚ�ƌĞůĂƚĞĚ�ĚĂƚĂ�ĮůĞƐ�ĨŽƌ�ĞĂĐŚ�ĚĂƚĂƐĞƚ͘� 

ZĞƐƵůƚƐ͗�dŚĞ�EĂŶŽ&ůŽǁ�ZĞƉŽƐŝƚŽƌǇ�ĐƵƌƌĞŶƚůǇ�ŚŽƐƚƐ�ϰϴ�ƉƵďůŝĐ�ĚĂƚĂƐĞƚƐ�ǁŝƚŚ�ϱϰϲ�&�^�ĮůĞƐ�ŐĞŶĞƌĂƚĞĚ�ďǇ�ǀĂƌŝŽƵƐ�ŇŽǁ�
ĐǇƚŽŵĞƚĞƌƐ͕�ƉƌŽǀŝĚŝŶŐ�Ă�ǀĂůƵĂďůĞ�ƌĞƐŽƵƌĐĞ�ĨŽƌ�ƚŚĞ��W�ƌĞƐĞĂƌĐŚ�ĐŽŵŵƵŶŝƚǇ͘�dŚĞ�ƌĞƉŽƐŝƚŽƌǇ�ĞŶĂďůĞƐ�ƵƐĞƌƐ�ƚŽ�ĂĐĐĞƐƐ�
ƐƚĂŶĚĂƌĚƐ-ĐŽŵƉůŝĂŶƚ�ŵĞƚĂĚĂƚĂ�ĂŶĚ�ƌĞƉƌŽĚƵĐĞ�ƉƵďůŝƐŚĞĚ�ƌĞƐƵůƚƐ͕�ĨĂĐŝůŝƚĂƟŶŐ�ǀĂůŝĚĂƟŽŶ�Žƌ�ƌĞĨƵƚĂƟŽŶ�ŽĨ�ƉƌĞǀŝŽƵƐ�ĮŶĚŝŶŐƐ�
ĂŶĚ�ƉƌŽŵŽƟŶŐ�ĐŽůůĂďŽƌĂƟŽŶ�ĂŶĚ�ĚĂƚĂ�ƌĞƵƐĞ�ĨŽƌ�ŵĞƚĂ-ĂŶĂůǇƐĞƐ͘ 

�ŽŶĐůƵƐŝŽŶƐ͗�dŚĞ�EĂŶŽ&ůŽǁ�ZĞƉŽƐŝƚŽƌǇ�ƌĞƉƌĞƐĞŶƚƐ�Ă�ǀĂůƵĂďůĞ�ƌĞƐŽƵƌĐĞ�ĨŽƌ�ƚŚĞ��W�ĂŶĚ�ĞǆZE��ƌĞƐĞĂƌĐŚ�ĐŽŵŵƵŶŝƟĞƐ͕�
ĞŶĂďůŝŶŐ�ƚŚĞ�ƐŚĂƌŝŶŐ�ŽĨ�ƐƚĂŶĚĂƌĚƐ-ĐŽŵƉůŝĂŶƚ�ŵĞƚĂĚĂƚĂ�ĂŶĚ�ĚĂƚĂ�ĨŽƌ��W-ƌĞůĂƚĞĚ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�ĞǆƉĞƌŝŵĞŶƚƐ͘�/ƚƐ�ƵƐĞ�ǁŝůů�
ŝŵƉƌŽǀĞ�ƚŚĞ�ƌŝŐŽƌ�ĂŶĚ�ƌĞƉƌŽĚƵĐŝďŝůŝƚǇ�ŽĨ�ƌĞƐĞĂƌĐŚ�ĂŶĚ�ƉƌŽŵŽƚĞ�ĐŽůůĂďŽƌĂƟŽŶ�ĂŶĚ�ĚĂƚĂ�ƌĞƵƐĞ͘�tĞ�ŝŶǀŝƚĞ�ƚŚĞ�ƐĐŝĞŶƟĮĐ�
ĐŽŵŵƵŶŝƚǇ�ƚŽ�ĞǆƉůŽƌĞ�ĂŶĚ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ƚŚĞ�EĂŶŽ&ůŽǁ�ZĞƉŽƐŝƚŽƌǇ͗�ŚƩƉƐ͗ͬͬŐĞŶďŽƌĞĞ͘ŽƌŐͬŶĂŶŽ-ƵŝͬůĚͬĚĂƚĂƐĞƚƐ͘ 



Abstract # 15 

�ĚƵĂƌĚŽ Marban 
^ŵŝĚƚ�,ĞĂƌƚ�/ŶƐƟƚƵƚĞ͕��ĞĚĂƌƐ-^ŝŶĂŝ�DĞĚŝĐĂů��ĞŶƚer 

EŽǀĞů�ŶĐZE��ĚƌƵŐƐ�ďŝŽŝŶƐƉŝƌĞĚ�ďǇ��s�ĐŽŶƚĞŶƚƐ 
�ĚƵĂƌĚŽ�DĂƌďĂŶ͕�D�͕�WŚ�ϭ 
^ŵŝĚƚ�,ĞĂƌƚ�/ŶƐƟƚƵƚĞ͕��ĞĚĂƌƐ-^ŝŶĂŝ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �>ŽƐ��ŶŐĞůĞƐ͕��� 

dŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƌĞŐĞŶĞƌĂƟǀĞ�ƚŚĞƌĂƉǇ�ŚĂƐ�ďĞŶĞĮƚĞĚ�ŐƌĞĂƚůǇ�ĨƌŽŵ�ƐĞƌĞŶĚŝƉŝƚǇ͘ ��ĂƌĚŝĂĐ�ƐƚƌŽŵĂů�ĐĞůů�ƚŚĞƌĂƉǇ�ŚĂƐ�shown 
ƉƌŽŵŝƐĞ�ŝŶ�ƉŚĂƐĞ�ϭ�ĂŶĚ�Ϯ�ƚƌŝĂůƐ�ŽĨ��ƵĐŚĞŶŶĞ�ŵƵƐĐƵůĂƌ�ĚǇƐƚƌŽƉŚǇϭ͕Ϯ͕�ĂŶĚ�ŝƐ�ŶŽǁ�ŝŶ�ƉŚĂƐĞ�ϯ�ƚĞƐƟŶŐ͘��Ƶƚ�ĐĞůů�ƉƌŽĚƵĐƚƐ�ǀĂƌǇ�
ŝŶ�ƉŽƚĞŶĐǇ�ĂŶĚ�ĐĂŶ�ďĞ�ĚŝĸĐƵůƚ�ƚŽ�ŵĂŶƵĨĂĐƚƵƌĞ͘�/Ŷ�ƚŚĞ�ƉƌŽĐĞƐƐ�ŽĨ�ŵĞĐŚĂŶŝƐƟĐ�ŝŶǀĞƐƟŐĂƟŽŶƐ�ŝŶƚŽ�ĐĞůů�ƚŚĞƌĂƉŝĞƐ�ĨŽƌ�ŚĞĂƌƚ�
ĚŝƐĞĂƐĞ͕�ǁĞ�ĚŝƐĐŽǀĞƌĞĚ�Ă�ĐĞŶƚƌĂů�ƌŽůĞ�ĨŽƌ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ĂƐ�ƉĂƌĂĐƌŝŶĞ�ŵĞĚŝĂƚŽƌƐ�ŽĨ�ƚŚĞƌĂƉĞƵƟĐ�ďŝŽĂĐƟǀŝƚǇϯ͘�
�sƐ�ƌĞƉƌŽĚƵĐĞ�ƚŚĞ�ďĞŶĞĮƚƐ�ŽĨ�ĐĞůůƐ͕�ĂŶĚ�ƚŚĞǇ�ĂƌĞ�ĞĂƐǇ�ƚŽ�ŝƐŽůĂƚĞ͕�ƐƚŽƌĞ�ĂŶĚ�ĚĞůŝǀĞƌ͕ �ŵĂŬŝŶŐ�ƚŚĞŵ�ǀŝĂďůĞ�ĐĞůů-free 
ƚŚĞƌĂƉĞƵƟĐ�ĐĂŶĚŝĚĂƚĞƐ͘��Ƶƚ��sƐ�ĂůƐŽ�ŚĂǀĞ�ǀĂůƵĞ�ĂƐ�Ă�ĚŝƐĐŽǀĞƌǇ�ƉůĂƞŽƌŵ�ĨŽƌ�ďŝŽůŽŐŝĐĂůůǇ-ĂĐƟǀĞ�ŵŽůĞĐƵůĞƐ͘��sƐ�ǁŽƌŬ�ďǇ�
ĚĞůŝǀĞƌŝŶŐ�ZE��ĂŶĚ�ƉƌŽƚĞŝŶ�ƉĂǇůŽĂĚƐ�ƚŽ�ƚĂƌŐĞƚ�ĐĞůůƐ͕�ƐŽ�ŝƚ�ŝƐ�ůŽŐŝĐĂů�ƚŽ�ŵŝŶĞ��s�ĐŽŶƚĞŶƚƐ�ŝŶ�Ă�ƐĞĂƌĐŚ�ĨŽƌ�ĚĞĮŶĞĚ�ĨĂĐƚŽƌƐ͘�/Ŷ 
ƐŽ�ĚŽŝŶŐ�ǁĞ�ŚĂǀĞ�ĨŽƵŶĚ�ƐĞǀĞƌĂů�ŶŽŶĐŽĚŝŶŐ�ZE��;ŶĐZE�Ϳ�ƐƉĞĐŝĞƐ͕�ŝŶĐůƵĚŝŶŐ�ƐŚŽƌƚ�z�ZE�Ɛ͕�ǁŚŝĐŚ�ƚŚĞŵƐĞůǀĞƐ�ŚĂǀĞ�
ŝŶƚƌŝŐƵŝŶŐ�ďŝŽůŽŐŝĐĂů�ĂĐƟŽŶƐϰ͕ϱ͘�dŚŝƐ�ƚĂůŬ�ǁŝůů�ƚƌĂĐĞ�ƚŚĞ�ĂƌĐ�ŽĨ�ĚŝƐĐŽǀĞƌǇ�ĨƌŽŵ�ĐĞůůƐ͕�ƚŽ��sƐ͕�ƚŽ�ŵŝŶŝŶŐ��s�ĐŽŶƚĞŶƚƐ�ĨŽƌ�ŶŽǀĞů�
ďŝŽĂĐƟǀĞ�ŶĐZE�Ɛ͕�ĂŶĚ�ĮŶĂůůǇ�ƵƐŝŶŐ�ŶĂƚƵƌĂů�ŶĐZE�Ɛ�ĂƐ�ďŝŽŝŶƐƉŝƌĂƟŽŶ�ĨŽƌ�ŶŽǀĞů�ĐŽŵƉŽƵŶĚƐ�ƚŚĂƚ�ĨŽůůŽǁ�ƚŚĞ�ƐƚƌƵĐƚƵƌĂů�
ĐŽŶǀĞŶƟŽŶƐ�ĨŽƌ�ĂƉƉƌŽǀĞĚ�ŶĐZE��ĚƌƵŐƐ͘�>ĞĂĚ�ĐŽŵƉŽƵŶĚ�dzϭ͕�Ă�Ϯϰ-ŶƵĐůĞŽƟĚĞ�ŶĞǁ�ĐŚĞŵŝĐĂů�ĞŶƟƚǇ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�Ă�ƐŚŽƌƚ�z�
ZE��ƉůĞŶƟĨƵů�ŝŶ��sƐ͕�ŚĂƐ�ƌĞŵĂƌŬĂďůĞ�ĚŝƐĞĂƐĞ-ŵŽĚŝĨǇŝŶŐ�ďŝŽĂĐƟǀŝƚǇ�ŝŶ�ƐĐůĞƌŽĚĞƌŵĂ�ǁŝƚŚ�ƐǇƐƚĞŵŝĐ�ƐĐůĞƌŽƐŝƐ͕�Ă�ůĞƚŚĂů�
treatment-ƌĞĨƌĂĐƚŽƌǇ�ƌĂƌĞ�ĚŝƐĞĂƐĞϲ͘�dŚĞ�ŶĞǆƚ�ŐĞŶĞƌĂƟŽŶƐ�ŽĨ�ĐĞůů-ĨƌĞĞ�ďŝŽůŽŐŝĐƐ�;�sƐ�ĂŶĚ�ŶĐZE�ƐͿ�ŵĂǇ�ƉƌŽǀŝĚĞ�ƚŚĞ�ďĞŶĞĮƚƐ�
ŽĨ�ĐĞůů�ƚŚĞƌĂƉǇ�ǁŝƚŚŽƵƚ�ƚŚĞ�ŝŶƚƌŝŶƐŝĐ�ůŝŵŝƚĂƟŽŶƐ͘ 

ZĞĨĞƌĞŶĐĞƐ 

ϭ͘ DĐ�ŽŶĂůĚ��D͕�DĂƌďĄŶ���Ğƚ�Ăů͘�>ĂŶĐĞƚ͘�ϮϬϮϮ͕�ϭϮ͖ϯϵϵ͗ϭϬϰϵ-ϭϬϱϴ͘�ĚŽŝ͗�ϭϬ͘ϭϬϭϲͬ^ϬϭϰϬ-ϲϳϯϲ;ϮϮͿϬϬϬϭϮ-ϱ͘�WD/�͗
ϯϱϮϳϵϮϱϴ͘

Ϯ͘ �dĂǇůŽƌ�D͕͙͘DĂƌďĄŶ��͕�sŝĐƚŽƌ�Z'͘�EĞƵƌŽůŽŐǇ͘�ϮϬϭϵ͕�ϭϵ͖ϵϮ͗Ğϴϲϲ-Ğϴϳϴ͘�ĚŽŝ͗�ϭϬ͘ϭϮϭϮͬtE>͘ϬϬϬϬϬϬϬϬϬϬϬϬϲϵϱϬ͘�
WD/�͗�ϯϬϲϳϰϲϬϭ͘ 

ϯ͘ /ďƌĂŚŝŵ��'͕��ŚĞŶŐ�<͕�DĂƌďĄŶ��͘�^ƚĞŵ��Ğůů�ZĞƉŽƌƚƐ͘�ϮϬϭϰ͕�ϴ͖Ϯ͗ϲϬϲ-ϭϵ͘�ĚŽŝ͗�ϭϬ͘ϭϬϭϲͬũ͘ƐƚĞŵĐƌ͘ ϮϬϭϰ͘Ϭϰ͘ϬϬϲ͘�WD/�͗
Ϯϰϵϯϲϰϰϵ

ϰ͘ DĂƌďĄŶ��͘�EĂƚƵƌĞ��ŝŽŵĞĚ��ŶŐ͘�ϮϬϭϴ͕�Ϯ͗ϯϱϯ-ϯϲϭ͘�ĚŽŝ͗�ϭϬ͘ϭϬϯϴͬƐϰϭϱϱϭ-Ϭϭϴ-ϬϮϭϲ-ǌ͘�WD/�͗�ϯϬϳϰϬϮϲϰ

ϱ͘ ��ĂŵďŝĞƌ�>͕�͙͘�DĂƌďĄŶ��͘��D�K�DŽů�DĞĚ͘�ϮϬϭϳ͕�ϵ͗ϯϯϳ-ϯϱϮ͘�ĚŽŝ͗�ϭϬ͘ϭϱϮϱϮͬĞŵŵŵ͘ϮϬϭϲϬϲϵϮϰ͘�WD/�͗�Ϯϴϭϲϳϱϲϱ 

ϲ͘ sŽůŬŵĂŶŶ��Z͕��ŶĚƌĠĂƐƐŽŶ�<͕�^ŵŝƚŚ�s͘ �^ǇƐƚĞŵŝĐ�ƐĐůĞƌŽƐŝƐ͘�>ĂŶĐĞƚ͘�ϮϬϮϯ͕�Ϯϴ͖ϰϬϭ͗ϯϬϰ-ϯϭϴ͘�ĚŽŝ͗�ϭϬ͘ϭϬϭϲͬ^ϬϭϰϬ-
ϲϳϯϲ;ϮϮͿϬϭϲϵϮ-Ϭ͘�WD/�͗�ϯϲϰϰϮϰϴϳ



Abstract # 16 

�ĚƵĂƌĚŽ Reategui 
dŚĞ�KŚŝŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ

ZE��ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŝŶ�ƐŝŶŐůĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂŶĚ�ƉĂƌƟĐůĞƐ�ĨƌŽŵ�ĐŽŵƉůĞǆ�
ďŝŽŇƵŝĚƐ�ĨŽƌ�ĐĂŶĐĞƌ�ĚŝĂŐŶŽƐƟĐƐ 
�ĚƵĂƌĚŽ�ZĞĂƚĞŐƵŝ 
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�Θ��ŝŽŵŽůĞĐƵůĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�dŚĞ�KŚŝŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ 

>ŝƋƵŝĚ�ďŝŽƉƐŝĞƐ�ĂƌĞ�ŵŝŶŝŵĂůůǇ�ŝŶǀĂƐŝǀĞ�ƚĞĐŚŶŽůŽŐŝĞƐ ƚŚĂƚ�ŝƐŽůĂƚĞ�ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ĐŝƌĐƵůĂƟŶŐ�ƚƵŵŽƌ�ďŝŽŵĂƌŬĞƌƐ�ŝŶ�
ďŽĚŝůǇ�ŇƵŝĚƐ͘�dŚƵƐ͕�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ŚĂǀĞ�ďĞĐŽŵĞ�ĂƩƌĂĐƟǀĞ�ĚŝĂŐŶŽƐƟĐ�ĂŶĚ�ƉƌŽŐŶŽƐƟĐ�ĂůƚĞƌŶĂƟǀĞƐ�ƚŽ�ƟƐƐƵĞ�
ďŝŽƉƐŝĞƐ�ŝŶ�ŽŶĐŽůŽŐǇ�ĚƵĞ�ƚŽ�ƚŚĞŝƌ�ĂďƵŶĚĂŶĐĞ�ĂŶĚ�ĞĂƐǇ�ĂĐĐĞƐƐŝďŝůŝƚǇ͘�tĞ�ǁŝůů�ƉƌĞƐĞŶƚ�Ă�ƐŝŶŐůĞ-�s�ĂŶĚ�ƉĂƌƟĐůĞ�;Ɛŝ�sWͿ�
ĂƐƐĂǇ�ƚŽ�ƐŝŵƵůƚĂŶĞŽƵƐůǇ�ĚĞƚĞĐƚ�ŵZE�Ɛ͕�ŵŝZE�Ɛ͕�ĂŶĚ�ƉƌŽƚĞŝŶƐ�ŝŶ��sƐ�ĂŶĚ�ůŝƉŽƉƌŽƚĞŝŶƐ�;>WƐͿ�ƐƵďƉŽƉƵůĂƟŽŶƐ͘�dŚĞ�
ƚĞĐŚŶŽůŽŐǇ�ŝŵŵŽďŝůŝǌĞƐ�ĂŶĚ�ƐŽƌƚƐ�ƉĂƌƟĐůĞƐ�ǀŝĂ�ƉŽƐŝƟǀĞ�ŝŵŵƵŶŽƐĞůĞĐƟŽŶ�ŽŶ�ĚŝƐƟŶĐƚ�ŵŝĐƌŽĚŽŵĂŝŶƐ͕�ĨŽĐƵƐŝŶŐ�
ďŝŽŵŽůĞĐƵůĂƌ�ƐŝŐŶĂůƐ�ŝŶ�ƐŝƚƵ͘��Ǉ�ĚĞƚĞĐƟŶŐ��sWƐ�Ăƚ�Ă�ƐŝŶŐůĞ-ƉĂƌƟĐůĞ�ƌĞƐŽůƵƟŽŶ͕�ŽƵƌ�ƚĞĐŚŶŽůŽŐǇ�ŽƵƚƉĞƌĨŽƌŵĞĚ�ƚŚĞ�
ƐĞŶƐŝƟǀŝƟĞƐ�ŽĨ�ďƵůŬ-ĂŶĂůǇƐŝƐ�ďĞŶĐŚŵĂƌŬ�ĂƐƐĂǇƐ�ĨŽƌ�ZE��ĂŶĚ�ƉƌŽƚĞŝŶƐ͘�tĞ�ĐŽƵůĚ�ĂůƐŽ�ƉĞƌĨŽƌŵ�ŵƵůƟƉůĞǆĞĚ�ĚĞƚĞĐƟŽŶ�ŽĨ�
ƉƌŽƚĞŝŶͬZE��ĂŶĚ�ZE�ͬZE��ĐŽůŽĐĂůŝǌĂƟŽŶ�ǁŝƚŚŝŶ�ƐŝŶŐůĞ��sƐ�ĂŶĚ�>WƐ͘�dŚƵƐ͕�ŽƵƌ�ƚĞĐŚŶŽůŽŐǇ�ĞīĞĐƟǀĞůǇ�ĞǆĂŵŝŶĞƐ�
ŝŶƚƌĂǀĞƐŝĐƵůĂƌ͕ �ŝŶƚĞƌǀĞƐŝĐƵůĂƌ͕ �ĂŶĚ�ŝŶƚĞƌƉĂƌƟĐůĞ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ǁŝƚŚ�ĚŝĂŐŶŽƐƟĐ�ƉƌŽŵŝƐĞ͘�dŚĞ�ƚƌĂŶƐůĂƟŽŶĂů�ƉŽƚĞŶƟĂů�ŽĨ�
ŽƵƌ�ƚĞĐŚŶŽůŽŐǇ�ŝƐ�ƐŚŽǁŶ�ƚŚƌŽƵŐŚ�proof-of-concept ĞǆƉĞƌŝŵĞŶƚƐ�ƉĞƌĨŽƌŵĞĚ�ǁŝƚŚ�ƐĞƌƵŵ͕�ƉůĂƐŵĂ͕�ƐĂůŝǀĂ͕�ĂŶĚ�ƟƐƐƵĞ�
ƐĂŵƉůĞƐ�ĨƌŽŵ�ĐĂŶĐĞƌ�ƉĂƟĞŶƚƐ͘ 



Abstract # 17 

�ĂǀŝĚ Routenberg 
DĞƐŽ�^ĐĂůĞ��ŝĂŐŶŽƐƟĐƐ͕�>>�͘ 

/ĚĞŶƟĮĐĂƟŽŶ�ĂŶĚ�ŝƐŽůĂƟŽŶ�ŽĨ��sƐ�ǁŝƚŚ�ŵƵůƟ-ŵĂƌŬĞƌ�ƐŝŐŶĂƚƵƌĞƐ 
�ǀĂŶ�'ŝǌǌŝĞ͕��ŽůůŝŶ�EĞůƐŽŶ͕�,ĞŶƌŝ��ƵƚůĞƌ͕ �dĂůŝƐ�^ƉƌŝŐŐƐ͕��ĞĞƉĂŬ�EĂŶũĂƉƉĂ͕�^ŝŐĂů�^ŚĂĐŚĂƌ͕ �:ĂĐŽď�tŽŚůƐƚĂĚƚĞƌ͕ ��ůĞǆ�dƵĐŬĞƌ-
^ĐŚǁĂƌƚǌ͕��ĂǀŝĚ��͘�ZŽƵƚĞŶďĞƌŐ 
DĞƐŽ�^ĐĂůĞ��ŝĂŐŶŽƐƟĐƐ͕�>>�͕�ZŽĐŬǀŝůůĞ�D� 

�ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ŚŽůĚ�ŐƌĞĂƚ�ƉƌŽŵŝƐĞ�ĂƐ�Ă�ƐŽƵƌĐĞ�ŽĨ�ĚŝĂŐŶŽƐƟĐƐ�ĂŶĚ�ƉƌŽŐŶŽƐƟĐƐ�ďŝŽŵĂƌŬĞƌƐ�ĚƵĞ�ƚŽ�ƚŚĞŝƌ�ƌŝĐŚ�ĂŶĚ�
ŵƵůƟĨĂĐĞƚĞĚ�ŝŶĨŽƌŵĂƟŽŶ�ĐŽŶƚĞŶƚ͖�ŚŽǁĞǀĞƌ͕ �ŝĚĞŶƟĨǇŝŶŐ�Ă�ƉŽƉƵůĂƟŽŶ�ŽĨ�ŝŶƚĞƌĞƐƚ�ŝŶ�Ă�ďŝŽŇƵŝĚ�ĂŶĚ�ƐĞƉĂƌĂƟŶŐ�ŝƚ�ĨƌŽŵ�ƚŚĞ�
ďĂĐŬŐƌŽƵŶĚ�ŽĨ�ŶŽŶ-ƚĂƌŐĞƚĞĚ��sƐ�ƌĞŵĂŝŶƐ�Ă�ĐŽŶƐŝĚĞƌĂďůĞ�ĐŚĂůůĞŶŐĞ͘��/ĚĞŶƟĨǇŝŶŐ͕�ĞŶƌŝĐŚŝŶŐ͕�ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌŝŶŐ�ǀĞƐŝĐůĞƐ�
ĨƌŽŵ�ƐƉĞĐŝĮĐ�ĐĞůůƐ͕�ƟƐƐƵĞƐ�Žƌ�ŽƌŐĂŶƐ�ŚĂƐ�ůŽŶŐ�ďĞĞŶ�Ă�ŐŽĂů�ŽĨ�ƚŚĞ��s�ƌĞƐĞĂƌĐŚ�ĐŽŵŵƵŶŝƚǇ�ĂŶĚ�ƚŚŝƐ�ĐŽŶƐŽƌƟƵŵ͕�ďƵƚ�ƚŚĞ�ƵƐĞ�
ŽĨ�ƐŝŶŐůĞ�ŵĂƌŬĞƌƐ�ĨŽƌ��s�ŝŵŵƵŶŽƉƌĞĐŝƉŝƚĂƟŽŶ�ŚĂƐ�ŐĞŶĞƌĂůůǇ�ƉƌŽĚƵĐĞĚ�ŝŶƐƵĸĐŝĞŶƚ�ƐƉĞĐŝĮĐŝƚǇ�ĂŶĚ�ŚĂƐ�ůĞĚ�ƵƐ�ƚŽ�ĐŽŶĐůƵĚĞ�
ƚŚĂƚ�ĐŽŵďŝŶĂƟŽŶƐ�ŽĨ�ŵŽƌĞ�ƚŚĂŶ�ŽŶĞ�ŵĂƌŬĞƌ�ŵĂǇ�ďĞ�ŶĞĐĞƐƐĂƌǇ�ƚŽ�ĚĞĮŶĞ�ƐƉĞĐŝĮĐ��s�ƉŽƉƵůĂƟŽŶƐ͘ 

,ĞƌĞ�ǁĞ�ƉƌĞƐĞŶƚ�Ă�ŚŝŐŚůǇ�ŵƵůƟƉůĞǆĞĚ�ĚŝŐŝƚĂů�ŝŵŵƵŶŽĂƐƐĂǇ�ĨŽƌ�ŝĚĞŶƟĨǇŝŶŐ�ĐŽŵďŝŶĂƟŽŶƐ�ŽĨ�ƐƵƌĨĂĐĞ�ŵĂƌŬĞƌƐ�ƉƌĞƐĞŶƚ�ŽŶ�
�sƐ�ŝŶ�Ă�ďŝŽŇƵŝĚ�ƐĂŵƉůĞ�ĂŶĚ�ƋƵĂŶƟĨǇŝŶŐ�ƚŚĞ��sƐ�ǁŝƚŚ�ƚŚĞƐĞ�ŵƵůƟ-ŵĂƌŬĞƌ�ƐŝŐŶĂƚƵƌĞƐ͘��dŽ�ĚĞŵŽŶƐƚƌĂƚĞ�ƚŚĞ�ƚĞĐŚŶŝƋƵĞ͕�ǁĞ�
ĚĞǀĞůŽƉĞĚ�Ă�ůŝďƌĂƌǇ�ŽĨ�ĂŶƟďŽĚǇ�ĐŽŶũƵŐĂƚĞƐ�ƚĂƌŐĞƟŶŐ�хϲϬ�ƐƵƌĨĂĐĞ�ƉƌŽƚĞŝŶƐ͕�ŵŽƐƚůǇ�ƉƵƚĂƟǀĞ�ŵĂƌŬĞƌƐ�ŽĨ��sƐ�ĨƌŽŵ�d-ĐĞůůƐ͕�
ŵŽŶŽĐǇƚĞƐ͕�ŵĂĐƌŽƉŚĂŐĞƐ͕�ŐƌĂŶƵůŽĐǇƚĞƐ͕�ĞŶĚŽƚŚĞůŝĂů�ĐĞůůƐ͕�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͕�ĂŶĚ�ƉůĂƚĞůĞƚƐ͘��dŚĞƐĞ�ĐŽŶũƵŐĂƚĞƐ�ĂƌĞ�ƵƐĞĚ�ŝŶ�Ă�
ĐŽŵďŝŶĂƚŽƌŝĂů�ĂƐƐĂǇ͕ �ǁŚŝĐŚ�ĞŶĂďůĞƐ�ƐŝŵƵůƚĂŶĞŽƵƐ�ƐƵƌǀĞǇŝŶŐ�ŽĨ�хϮϬϬ͕ϬϬϬ�ĐŽŵďŝŶĂƟŽŶƐ�ŽĨ�ƐƵƌĨĂĐĞ�ŵĂƌŬĞƌƐ�ŝŶ�ĞĂĐŚ�ƐĂŵƉůĞ�
ĂŶĚ�ƵƉ�ƚŽ�ϵϲ�ƐĂŵƉůĞƐ�Ăƚ�Ă�ƟŵĞ͘���ŌĞƌ�ǀĞƌŝĨǇŝŶŐ�ƚŚĞ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ƚŚĞ�ĂŶƟďŽĚŝĞƐ�ĂŶĚ�ƚŚĞ�ĂƐƐĂǇ�ƉůĂƞŽƌŵ�ƵƐŝŶŐ��sƐ�ĨƌŽŵ�
ŶƵŵĞƌŽƵƐ�ĐĞůů�ůŝŶĞƐ͕�ǁĞ�ĂƉƉůŝĞĚ�ƚŚĞ�ƐǇƐƚĞŵ�ƚŽ�ŚƵŵĂŶ�ƉůĂƐŵĂ�ĨƌŽŵ�ŚĞĂůƚŚǇ�ƐƵďũĞĐƚƐ�ĂŶĚ�ĐŽůŽƌĞĐƚĂů�ĐĂŶĐĞƌ�ƉĂƟĞŶƚƐ͘�tĞ�
ŝĚĞŶƟĮĞĚ�ƐƉĞĐŝĮĐ�ƚǁŽ- ĂŶĚ�ƚŚƌĞĞ-ŵĂƌŬĞƌ�ĐŽŵďŝŶĂƟŽŶƐ�ĨŽƌ�ĞĂĐŚ�ƚĂƌŐĞƚ�ĐĞůů�ƚǇƉĞ�ĂƐ�ǁĞůů�ĂƐ�ƐƉĞĐŝĮĐ�ƉŽƉƵůĂƟŽŶƐ�ƚŚĂƚ�ǁĞƌĞ�
ĞůĞǀĂƚĞĚ�ŝŶ�ůĂƚĞ-ƐƚĂŐĞ�ĐŽůŽƌĞĐƚĂů�ĐĂŶĐĞƌ�ďƵƚ�ŶŽƚ�ĚĞƚĞĐƚĞĚ�ŝŶ�ŚĞĂůƚŚǇ�ĐŽŶƚƌŽůƐ͘ 

/Ŷ�ŽƌĚĞƌ�ƚŽ�ĞŶĂďůĞ�ĨƵƌƚŚĞƌ�ƐƚƵĚǇ�ŽĨ�ŚŝŐŚůǇ�ƐƉĞĐŝĮĐ�ƉŽƉƵůĂƟŽŶƐ�ŽĨ��sƐ�ĚĞĮŶĞĚ�ďǇ�ƚǁŽ- or three-ŵĂƌŬĞƌ�ƐŝŐŶĂƚƵƌĞƐ͕�ǁĞ�
ĚĞǀĞůŽƉĞĚ�Ă�ŵƵůƟ-ŵĂƌŬĞƌ�ŝŵŵƵŶŽĂĸŶŝƚǇ�ŝƐŽůĂƟŽŶ�ƚĞĐŚŶŝƋƵĞ͘��dŚŝƐ�ŵĞƚŚŽĚ�ƌĞůŝĞƐ�ŽŶ�ŵƵůƟƉůĞ�ĂŶƟďŽĚǇ�ĐŽŶũƵŐĂƚĞƐ�ƚŽ�
ŝƐŽůĂƚĞ�Ă�ƉŽƉƵůĂƟŽŶ�ŽĨ��sƐ�ǁŝƚŚ�ƚŚĞ�ůŽŐŝĐĂů��E��ŽĨ�ƚǁŽ�Žƌ�ƚŚƌĞĞ�ŵĂƌŬĞƌƐ�ƵƐŝŶŐ�Ă�ƐŝŶŐůĞ�ƐŽůŝĚ-ƉŚĂƐĞ�ƉƵůů-ĚŽǁŶ�ƐƚĞƉ͘��tĞ�
ĚĞŵŽŶƐƚƌĂƚĞ�ƚŚŝƐ�ƚĞĐŚŶŝƋƵĞ�ŽŶ�ƐĞǀĞƌĂů�ƉŽƉƵůĂƟŽŶƐ�ŝĚĞŶƟĮĞĚ�ƵƐŝŶŐ�ƚŚĞ�ĐŽŵďŝŶĂƚŽƌŝĂů�ĂƐƐĂǇ͕ �ĞŶĂďůŝŶŐ�ĨƵƌƚŚĞƌ�ƐƚƵĚŝĞƐ�ŽĨ�
ƚŚĞ�ĐŽŶƚĞŶƚƐ�ĂŶĚ�ƚŚĞ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ŽĨ�ƚŚĞƐĞ��sƐ�ƉŽƉƵůĂƟŽŶƐ͘ 



Abstract # 18 

:Ğī &ƌĂŶŬůŝŶ 
sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ 

KǀĞƌǀŝĞǁ ŽĨ��Z��Ϯ�ďĞŶĐŚŵĂƌŬŝŶŐ�ƐƚƵĚŝĞƐ͗��ŽŵƉůĞŵĞŶƚĂƌǇ�ƚĞĐŚŶŽůŽŐŝĞƐ�ƚŽ�
ĂŶĂůǇǌĞ�Ă�ĐŽůŽƌĞĐƚĂů�ĐĂŶĐĞƌ�ĐĞůů�ƐĞĐƌĞƚŽŵĞ 
:ĞīƌĞǇ�>͘�&ƌĂŶŬůŝŶϭ͕�:ĂŵĞƐ�E͘�,ŝŐŐŝŶďŽƚŚĂŵϭ͕�KůĞŐ�dƵƚĂŶŽǀϭ͕�YŝŶ��ŚĂŶŐϭ͕��ĞŶŶŝƐ�<͘�:ĞƉƉĞƐĞŶϭ͕��ŚĞŶŐ��ĂŽϭ͕�DĂƌŬ�
�ĂƐƚůĞďĞƌƌǇϭ͕��ůĂƌŬ�DĂƐƐŝĐŬϭ͕�DĂƌƐĂůĂƐ�tŚŝƚĂŬĞƌϭ͕�^ĂƌĂŚ���'ůĂƐƐϭ͕�dƵŽǇĞ�yƵϮ͕�tŝůůŝ��ŚĞƵŶŐϰ͕��ďďĂƐ�,ĂŬŝŵ͕�ϰ��ŶĞůŝǌǌĞ�
�ĂƐƚƌŽϰ͕�DĂƌƟŶ�EŐϱ͕��ŚĞŶŐƵĂŶŐ��ŚĂŶŐϴ͕��ĞŵŝŶŐ�tĂŶŐϴ͕�:ĂŵĞƐ�<ŝŵϯ͕�^ĞƵŶŐ�ZǇŽƵŶŐ�:ƵŶŐϯ͕��ůĞƐƐĂŶĚƌĂ�^ƚƺƌĐŚůĞƌϭϮ͕�ϭϯ͕�
^ƚĞƉŚĂŶŝĞ��ŚŝĚĞƐƚĞƌϭϬ͕�<ĞŶĚĂůů�sĂŶ�<ĞƵƌĞŶ-:ĞŶƐĞŶϭϭ͕�DŝĐŚĂĞů�'ĞƌƚǌϭϬ͕�:ƵďŝŶ�'ĞŽƌŐĞϭϬ͕�:ŽƐŚƵĂ�tĞůƐŚϭϬ͕��ůŝǌĂďĞƚŚ�
,ƵƚĐŚŝŶƐϭϬ͕�:ĞŶŶŝĨĞƌ�:ŽŶĞƐϭϬ͕��ŽŐĚĂŶ�DĂƚĞĞƐĐƵϭϮ͕�ϭϯ͕�WĞƚĞƌ��Ğ�,Žīϰ�͕��ĂŶŝĞů��ŚŝƵϯ͕�^ĂƚǇĂũǇŽƟ�^ĞŶĂƉĂƟϴ͕�:ŽŚŶ�W͘ �
EŽůĂŶϵ͕�,ƐƵĞŚ-�ŚŝĂ��ŚĂŶŐϴ͕�ZŽďĞƌƚ�>͘�ZĂīĂŝϱ͕�ϲ͕ϳ�͕�>ŽƵŝƐĞ�>ĂƵƌĞŶƚϰ͕��ů��ŚĂƌĞƐƚϮ͕�dŽĚĚ�'ŝŽƌŐŝŽϭ͕�<ĂƐĞǇ�sŝĐŬĞƌƐϭ�ĂŶĚ�
ZŽďĞƌƚ�:��ŽīĞǇϭ 
ϭ͘ sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ͕ �EĂƐŚǀŝůůĞ�dE͘
Ϯ͘ ,ĂƌǀĂƌĚ��/�D�͕��ŽƐƚŽŶ�D�͘
ϯ͘ hŶŝǀĞƌƐŝƚǇ�ŽĨ�tĂƐŚŝŶŐƚŽŶ͕�^ĞĂƩůĞ�t�͘
ϰ͘h�^�͕�^ĂŶ��ŝĞŐŽ͕���
ϱ͘ EŽƌƚŚĞƌŶ��ĂůŝĨŽƌŶŝĂ�/ŶƐƟƚƵƚĞ�ĨŽƌ�ZĞƐĞĂƌĐŚ�ĂŶĚ��ĚƵĐĂƟŽŶ͕�^ĂŶ�&ƌĂŶĐŝƐĐŽ͕���͘
ϲ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�^ƵƌŐĞƌǇ͕ ��ŝǀŝƐŝŽŶ�ŽĨ�sĂƐĐƵůĂƌ�ĂŶĚ��ŶĚŽǀĂƐĐƵůĂƌ�^ƵƌŐĞƌǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ�&ƌĂŶĐŝƐĐŽ͕�^ĂŶ
&ƌĂŶĐŝƐĐŽ͕���͘
ϳ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�sĞƚĞƌĂŶƐ��īĂŝƌƐ͕�^ƵƌŐŝĐĂů�^ĞƌǀŝĐĞ�;ϭϭϮ'Ϳ͕�^ĂŶ�&ƌĂŶĐŝƐĐŽ�s��DĞĚŝĐĂů��ĞŶƚĞƌ͕ �^ĂŶ�&ƌĂŶĐŝƐĐŽ͕���͘
ϴ͘ hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ͕�/E͘
ϵ͘ dŚĞ�^ĐŝŶƟůůŽŶ�/ŶƐƟƚƵƚĞ͕�^ĂŶ��ŝĞŐŽ͕���͘
ϭϬ͘ E/,ͬE�/͕��ĞƚŚĞƐĚĂ�D�͘
ϭϭ͘ d'ĞŶ�WŚŽĞŶŝǆ͕���͘
ϭϮ͘ /ŶƐƟƚƵƚĞ�ĨŽƌ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽĞŶŐŝŶĞĞƌŝŶŐ͕��d,��ƺƌŝĐŚ͕�ϴϬϵϯ��ƺƌŝĐŚ͕�^ǁŝƚǌĞƌůĂŶĚ͘
ϭϯ͘ �ƌĂŝŶ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƺƌŝĐŚ͕�ϴϬϱϳ��ƺƌŝĐŚ͕�^ǁŝƚǌĞƌůĂŶĚ͘

�ŝŽŇƵŝĚƐ�ĐŽŶƚĂŝŶ�Ă�ĐŽŵƉůĞǆ�ŵŝǆƚƵƌĞ�ŽĨ�ƐĞĐƌĞƚĞĚ�ƉƌŽƚĞŝŶƐ͕�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ĂŶĚ�ŶŽŶ-ǀĞƐŝĐƵůĂƌ�ĞǆƚƌĂĐĞůůƵůĂƌ�
ŶĂŶŽƉĂƌƟĐůĞƐ�;Es�WƐͿ͕�ƚŚĂƚ�ĐĂƌƌǇ�ǀĂƌŝŽƵƐ�ZE�Ɛ�;ĞǆZE�ƐͿ͕��E�Ɛ�ĂŶĚ�ƉƌŽƚĞŝŶƐ͕�ǁŚŝĐŚ�ĐĂŶ�ďĞ�ƵƐĞĚ�ĂƐ�ĂŶĂůǇƚĞƐ͘���
ƐƚĂŶĚĂƌĚŝǌĞĚ�ƌĞĂŐĞŶƚ�ǁĂƐ�ĚĞǀĞůŽƉĞĚ�ƚŽ�ĂƐƐĞƐƐ�ƚŚĞ�ƐƚƌĞŶŐƚŚƐ͕�ǁĞĂŬŶĞƐƐĞƐ�ĂŶĚ�ĐŽŵŵŽŶĂůŝƟĞƐ�ŽĨ�ǀĂƌŝŽƵƐ�ƚĞĐŚŶŝƋƵĞƐ�ĂŶĚ�
ƚĞĐŚŶŽůŽŐŝĞƐ�ƵƐĞĚ�ƚŽ�ƉƵƌŝĨǇ�ĂŶĚ�ĂŶĂůǇǌĞ�ƚŚĞƐĞ�ďŝŽŇƵŝĚ�ĐŽŶƐƟƚƵĞŶƚƐ͘�dŚĞ�ŶƵĐůĞŽƟĚĞ�ĂŶĚ�ƉƌŽƚĞŝŶ�ĐĂƌŐŽ�ŽĨ�ƚŚĞ��sƐ�ĂŶĚ�
Es�W^�;ĞǆŽŵĞƌĞƐ�ĂŶĚ�ƐƵƉĞƌŵĞƌĞƐͿ�ĨƌŽŵ�Ă�ŚƵŵĂŶ�ĐŽůŽƌĞĐƚĂů�ĐĂŶĐĞƌ�;�Z�Ϳ�ĐĞůů�ůŝŶĞ͕��ŝ&ŝ͕�ŚĂƐ�ďĞĞŶ�ŵŽůĞĐƵůĂƌůǇ�ĚĞĮŶĞĚ͘�
�sƐ�ĨƌŽŵ��ŝ&ŝ�ĐĞůůƐ�ĐŽŶƚĂŝŶ�ŚŝŐŚ�ůĞǀĞůƐ�ŽĨ��'&Z͕�ǁŚŝĐŚ�ŝƐ�ĂŶ�ĂŶĂůǇƚĞ�ŽĨ�ŝŶƚĞƌĞƐƚ�ĂŵŽŶŐƐƚ�ŵƵůƟƉůĞ�ŐƌŽƵƉƐ�ǁŝƚŚŝŶ��Z��Ϯ͘�
,ŽůůŽǁ�ĮďĞƌ�ďŝŽƌĞĂĐƚŽƌƐ�;,&�Ϳ�ǁĞƌĞ�ƵƐĞĚ�ƚŽ�ƉƌŽĚƵĐĞ�ĐŽŶƐŝƐƚĞŶƚůǇ�ůĂƌŐĞ�ĂŵŽƵŶƚƐ�ŽĨ�ƚŚŝƐ�ĐŽŵƉůĞǆ�ďŝŽŇƵŝĚ�ƵƐĞĚ�ŝŶ�ƐĞǀĞƌĂů�
ĚŝīĞƌĞŶƚ�ĂƐƐĂǇƐ͘���ůĂƌŐĞ�ƉŽŽů�ŽĨ�ƚŚŝƐ�ŵĂƚĞƌŝĂů�ǁĂƐ�ĨƌŽǌĞŶ�ĂƐ�ĞŝƚŚĞƌ�Ă�ĐƌƵĚĞ�ƉƌĞƉĂƌĂƟŽŶ�Žƌ�ĂƐ�ŚŝŐŚůǇ�ƉƵƌŝĮĞĚ��sƐ�ƚŚat have 
ďĞĞŶ�ƐƵď-ĨƌĂĐƟŽŶĂƚĞĚ�ƵƐŝŶŐ�ĐƵƐŚŝŽŶĞĚ�ĚĞŶƐŝƚǇ�ŐƌĂĚŝĞŶƚ�ƵůƚƌĂĐĞŶƚƌŝĨƵŐĂƟŽŶ�;�'h�Ϳ�ĂŶĚ�ƐŝǌĞ�ĞǆĐůƵƐŝŽŶ�ĐŚƌŽŵĂƚŽŐƌĂƉŚǇ�
;^��Ϳ͘�dŚŝƐ�ŵĂƚĞƌŝĂů�ǁĂƐ�ƐŚĂƌĞĚ�ĂŵŽŶŐ�ŵƵůƟƉůĞ�ŐƌŽƵƉƐ�ƚŽ�ĨĂĐŝůŝƚĂƚĞ�ĐŽŵƉĂƌŝƐŽŶ�ŽĨ�ƚĞĐŚŶŽůŽŐŝĐĂů�ĂŶĚ�ŵĞƚŚŽĚŽůŽŐŝĐĂů�
ĂŶĂůǇƐŝƐ͕�ĂƐ�ǁĞůů ĂƐ�ĚĞƚĞƌŵŝŶŝŶŐ�ƐŽƵƌĐĞƐ�ŽĨ�ǀĂƌŝĂďŝůŝƚǇ�ƚŚĂƚ�ĐĂŶ�ŝŵƉĂĐƚ�ƚŚĞ�ŽǀĞƌĂůů�ƉƌŽƚĞŝŶ�ĂŶĚ�ZE��ƉƌŽĮůĞ�ŽĨ�ƌĞĂĚŽƵƚƐ͘��ŝ&ŝ�
ĐĞůůƐ�ƉƌŽǀŝĚĞĚ�ƚŽ�ƚŚĞ�E�/�ŝŶƚƌĂŵƵƌĂů��ĞŶƚĞƌ�ĨŽƌ��ĂŶĐĞƌ�ZĞƐĞĂƌĐŚ�dƌĂŶƐůĂƟŽŶĂů�EĂŶŽďŝŽůŽŐǇ�^ĞĐƟŽŶ�ĂƌĞ�ďĞŝŶŐ�ƵƐĞĚ�ĂƐ�Ă�
ƉƌŽĚƵĐĞƌ�ĐĞůů�ůŝŶĞ�ĨŽƌ��s�ĂŶĚ Es�W�ƌĞĨĞƌĞŶĐĞ�ŵĂƚĞƌŝĂů�ĨŽƌ�ĐƌŽƐƐ�ŝŶƐƟƚƵƟŽŶĂů�ƐƵƌĨĂĐĞ�ŵĂƌŬĞƌ�ĂŶĚ�ZE��ĐĂƌŐŽ�ƐƚƵĚŝĞƐ�ƚŚĂƚ�
ĂƌĞ�ŽŶŐŽŝŶŐ�ĂŶĚ�ŝŶĐůƵĚĞ�ŵƵůƟƉůĞ��Z���ŐƌŽƵƉƐ͘�dŚĞ�ĨŽůůŽǁŝŶŐ�ƐƚƵĚŝĞƐ�ŚĂǀĞ�ďĞĞŶ�ŝŵƉůĞŵĞŶƚĞĚ�ƚŽ�ĨĂĐŝůŝƚĂƚĞ�ĐƌŽƐƐ�ƉůĂƞŽƌŵ�
ĂŶĚ�ŐƌŽƵƉ�ĐŽŵƉĂƌŝƐŽŶƐ͗� 

ϭͿ �ŝ&ŝ��sƐ�ĂŶĚ�Es�WƐ�ŚĂǀĞ�ďĞĞŶ�ƵƐĞĚ�ĂƐ�Ă�ĐŽŵŵŽŶ�ƐĂŵƉůĞ�ƚŽ�ďĞŶĐŚŵĂƌŬ�ƚŚĞ�ŝŶƚĞƌ-ůĂď�ƌĞƉƌŽĚƵĐŝďŝůŝƚǇ�ĂŶĚ�ƌĞƉŽƌƚĞĚ��sW
ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ�ƵƐŝŶŐ�ĚŝīĞƌĞŶƚ�ĐŽŵŵĞƌĐŝĂů�ŇŽǁ-ĐǇƚŽŵĞƚƌǇ�ŝŶƐƚƌƵŵĞŶƚƐ�ĂƐ�ǁĞůů�ĂƐ�ŶĞǁ�ƚĞĐŚŶŽůŽŐŝĞƐ�ĚĞǀĞůŽƉĞĚ�ƵŶĚĞƌ�ƚŚĞ
�Z���ƉƌŽũĞĐƚƐ͘�dŚĞ��ŝ&ŝ�,&���D�ƉŽŽů�ǁĂƐ�ƵƐĞĚ for inter-ůĂďŽƌĂƚŽƌǇ�ǀĂůŝĚĂƟŽŶ�ŽĨ�ƐŝŶŐůĞ��s�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�ŵĞĂƐƵƌĞŵĞŶƚƐ
ĂĐĐŽƌĚŝŶŐ�ƚŽ�ĞƐƚĂďůŝƐŚĞĚ�ďĞƐƚ�ƉƌĂĐƟĐĞƐ�ƵƐŝŶŐ�Ă�͞ƚŽƉ-ĚŽǁŶ͟�ĂƉƉƌŽĂĐŚ͘�dŚĞ��ŝĮ�ƉŽŽů�ǁĂƐ�ĂůƐŽ�ƵƐĞĚ�ƚŽ�ĞǀĂůƵĂƚĞ�ƚŚĞ
ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ĂƐƐĂǇƐ�ƵƐŝŶŐ�ŶĞǁ�ŇŽǁ�ĐǇƚŽŵĞƚĞƌƐ�ǁŝƚŚ�ŚŝŐŚĞƌ�ƐĞŶƐŝƟǀŝƚǇ�ƚŚĂƚ�ĞŶĂďůĞ�ĐĂůŝďƌĂƟŽŶ�ďĂƐĞĚ�ŽŶ�ƐŝŶŐůĞ



ŵŽůĞĐƵůĞ�ĚĞƚĞĐƟŽŶ�;Ă�͞ďŽƩŽŵ-ƵƉ͟�ĂƉƉƌŽĂĐŚͿ͘��Ɛ�Ă�ƌĞƐƵůƚ�ŽĨ�ƚŚĞƐĞ�ƐŝŶŐůĞ��s�&��ŵĞĂƐƵƌĞŵĞŶƚƐ͕�ƚŚĞ��ŝ&ŝ�ƉŽŽů�ŶŽǁ�
ƌĞƉƌĞƐĞŶƚƐ�Ă�ǁĞůů-ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ƌĞĨĞƌĞŶĐĞ�ƉƌĞƉĂƌĂƟŽŶ�ƚŚĂƚ�ĐĂŶ�ďĞ�ƵƐĞĚ�ƚŽ�ĞǀĂůƵĂƚĞ�ƚŚĞ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ŽƚŚĞƌ�ƐŝŶŐůĞ��s�
ŵĞĂƐƵƌĞŵĞŶƚ�ƉůĂƞŽƌŵƐ�ŝŶĐůƵĚŝŶŐ�ƚŚŽƐĞ�ďĂƐĞĚ�ŽŶ��s�ĐĂƉƚƵƌĞ�ĨƌŽŵ�ƐŽůƵƟŽŶ͘ 

ϮͿ /ƚ�ǁĂƐ�ĨŽƵŶĚ�ƚŚĂƚ�ĂĸŶŝƚǇ�ƐĞůĞĐƟŽŶ�ƵƐŝŶŐ�ĂŶƟďŽĚŝĞƐ�ƌĂŝƐĞĚ�ĂŐĂŝŶƐƚ�ĂŶǇ�ŽŶĞ�ŽĨ�ƚŚĞ�ĐŽŵŵŽŶůǇ�ƵƐĞĚ�ƚĞƚƌĂƐƉĂŶŝŶƐ�;��ϲϯ͕
��ϵ͕�Žƌ���ϴϭͿ�ĨŽůůŽǁĞĚ�ďǇ�ƐŵĂůů�ZE��ƐĞƋƵĞŶĐŝŶŐ�ƉƌŽĚƵĐĞƐ�ƐŝŵŝůĂƌ�ŵŝZE��ĞǆƉƌĞƐƐŝŽŶ�ƉƌŽĮůĞƐ͕�ƐƵŐŐĞƐƟŶŐ�ƚŚĂƚ�ƚŚĞƐĞ
ƚŚƌĞĞ�ŵĂƌŬĞƌƐ�ŝĚĞŶƟĨǇ�ƚŚĞ�ƐĂŵĞ�ƉŽƉƵůĂƟŽŶ�ŽĨ��sƐ͘

ϯͿ ��ŚŝŐŚ�ƚŚƌŽƵŐŚƉƵƚ�ďĞĂĚ�ĐĂƉƚƵƌŝŶŐ�ŵĂŐŶĞƟĐ�ŶĂŶŽƉŽƌŽƵƐ�ŵĞŵďƌĂŶĞ�;DEDͿ�ƚĞĐŚŶŝƋƵĞ�ĚĞǀĞůŽƉĞĚ�ďǇ�ƚŚĞ��ŚŝĂ��ŚĂŶŐ
group at the University of NŽƚƌĞ��ĂŵĞ�ƐƵŐŐĞƐƚƐ�ƚŚĂƚ�ƚŚĞ�DED�ĐĂƉƚƵƌĞĚ��ŝ&ŝ��'&Z�Ɛ�sƐ�ĐŽŶƚĂŝŶ�ŚĂůĨ�ŽĨ�ƚŚĞ�ĂŵŽƵŶƚ�ŽĨ
��ϲϯ�ĂŶĚ���ϵ�ƚŚĂŶ�ƚŚĞ�ƚŽƚĂů��ŝ&ŝ�Ɛ�sƐ�ďĞĨŽƌĞ�DED�ĐĂƉƚƵƌĞ͕�ǁŚŝĐŚ�ŝƐ�ĂůƐŽ�ĐŽŶƐŝƐƚĞŶƚ�ǁŝƚŚ�ŵŝZ-Ϯϭ�ƋZd-W�Z�ƌĞƐƵůƚƐ͕
ƐŚŽǁŝŶŐ�ƉĂƌƟƟŽŶŝŶŐ�ŽĨ�ƚŚĞƐĞ�ŵŝZƐ�ŝŶ�ĚŝīĞƌĞŶƚ��s�ƉŽƉƵůĂƟons.

ϰͿ �ŝ&ŝ��sƐ�ƉƵƌŝĮĞĚ�ďǇ��'h��ĂŶĚ�^���ǁĞƌĞ�ƵƐĞĚ�ƚŽ�ŐĞŶĞƌĂƚĞ�ŶĂŶŽďŽĚŝĞƐ͘



Abstract # 19 

An ,ĞŶĚƌŝǆ 
'ŚĞŶƚ�hŶŝǀĞƌƐŝƚǇ

��ǀĞƌƐĂƟůĞ�ƚŽŽůďŽǆ�ĨŽƌ�Ă�ĐŽŵƉƌĞŚĞŶƐŝǀĞ�ǀŝĞǁ�ŽŶ�ĞǆƚƌĂĐĞůůƵůĂƌ�
ǀĞƐŝĐůĞƐ 
�Ŷ�,ĞŶĚƌŝǆ 
>ĂďŽƌĂƚŽƌǇ�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ĂŶĐĞƌ�ZĞƐĞĂƌĐŚ͕��ĞƉĂƌƚŵĞŶƚ�ŽĨ�,ƵŵĂŶ�^ƚƌƵĐƚƵƌĞ�ĂŶĚ�ZĞƉĂŝƌ͕�'ŚĞŶƚ�
hŶŝǀĞƌƐŝƚǇ͕�'ŚĞŶƚ͕��ĞůŐŝƵŵ͖��ĂŶĐĞƌ�ZĞƐĞĂƌĐŚ�/ŶƐƚŝƚƵƚĞ�'ŚĞŶƚ͕�'ŚĞŶƚ͕��ĞůŐŝƵŵ 

�ŶĂůǇǌŝŶŐ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sͿ�ĨƌŽŵ�ďŝŽĨůƵŝĚƐ�;ďůŽŽĚ�ƉůĂƐŵĂ͕�ƵƌŝŶĞ�ĂŶĚ�ĨĞĐĞƐͿ�ŝƐ�ĐŚĂůůĞŶŐŝŶŐ�ĂŶĚ�
ĐŽŵƉůŝĐĂƚĞƐ�ƚŚĞŝƌ�ďŝŽůŽŐŝĐĂů�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ĂŶĚ�ďŝŽŵĂƌŬĞƌ�ĚĞǀĞůŽƉŵĞŶƚ�;WD/�͗�ϯϯϱϲϴϳϵϵͿ͘�tĞ�
ĨƌĂĐƚŝŽŶĂƚĞ�ďŝŽĨůƵŝĚƐ�ďǇ�ĐŽŵďŝŶŝŶŐ�ƐŝǌĞͲĞǆĐůƵƐŝŽŶ�ĐŚƌŽŵĂƚŽŐƌĂƉŚǇ�;^��Ϳ�ĂŶĚ�KƉƚŝWƌĞƉ�ĚĞŶƐŝƚǇ�ŐƌĂĚŝĞŶƚ�
ĐĞŶƚƌŝĨƵŐĂƚŝŽŶ�ƚŽ�ƐƚƵĚǇ�ĐůŝŶŝĐĂů�ĐŽŶƚĞǆƚͲĚĞƉĞŶĚĞŶƚ�ĂŶĚ�ƚŝŵĞͲĚĞƉĞŶĚĞŶƚ�ǀĂƌŝĂƚŝŽŶƐ�ŝŶ�ƚŚĞ�ďŝŽŵŽůĞĐƵůĂƌ�
ůĂŶĚƐĐĂƉĞ�ŽĨ��sƐ�;WD/�͗�ϯϭϳϳϲϰϲϬ͖�ϯϰϰϮϵϴϱϳ͖�ϯϮϮϴϰϴϮϱͿ�͘�hƐŝŶŐ�ďŝŽĨůƵŝĚƐ�ĨƌŽŵ�ĐĂŶĐĞƌ�ƉĂƚŝĞŶƚƐ�ĂŶĚ�
ƌĞĨĞƌĞŶĐĞ�ŵĂƚĞƌŝĂůƐ�ƚŽ�ĞŶƐƵƌĞ�ƐƚĂŶĚĂƌĚŝǌĞĚ��s�ŵĞĂƐƵƌĞŵĞŶƚƐ�;WD/�͗�ϯϭϯϯϳϳϲϭ͖�ϯϯϰϱϮϱϬϭͿ͕�ǁĞ�
ĚĞŵŽŶƐƚƌĂƚĞ�ƚŚĞ�ƚĞĐŚŶŝĐĂů�ƌĞƉĞĂƚĂďŝůŝƚǇ�ŽĨ�ďŝŽĨůƵŝĚ�ĨƌĂĐƚŝŽŶĂƚŝŽŶ͘�hƐŝŶŐ�ƐĞƌŝĂů�ƐĂŵƉůĞƐ�ĨƌŽŵ�ĐĂŶĐĞƌ�
ƉĂƚŝĞŶƚƐ�ǁĞ�ƐŚŽǁ�ƚŚĂƚ��s�ĐĂƌƌǇ�Ă�ĐůŝŶŝĐĂů�ĐŽŶƚĞǆƚͲĚĞƉĞŶĚĞŶƚ�ĂŶĚͬŽƌ�ƚŝŵĞͲĚĞƉĞŶĚĞŶƚ�ƉƌŽƚĞŝŶ�ĂŶĚ�ƐŵĂůů�
ZE��ĐŽŵƉŽƐŝƚŝŽŶ͘�/Ŷ�ĂĚĚŝƚŝŽŶ͕�ĚŝĨĨĞƌĞŶƚŝĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ďŝŽĨůƵŝĚ�ĨƌĂĐƚŝŽŶƐ�ƉƌŽǀŝĚĞƐ�ϭͿ�Ă�ĐĂƚĂůŽŐƵĞ�ŽĨ�
ƉƵƚĂƚŝǀĞ��s�ĐŽƌŽŶĂ�ƉƌŽƚĞŝŶƐ͕�ϮͿ�Ă�ůŝƐƚ�ŽĨ�ƉƌŽƚĞŝŶƐ�ŶŽƚ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ��s͕�ĂŶĚ�ϯͿ�ƌĞǀĞĂůƐ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�
�s�ĨƌŽŵ�ĚŝǀĞƌƐĞ�ŽƌŝŐŝŶƐ�;WD/�͗�ϯϬϱϭϴϱϮϵ͖�ϯϱϬϯϯϰϮϳͿ͘�

/Ŷ�ĐŽŶĐůƵƐŝŽŶ͕�ƚŚĞ�ŝŵƉůĞŵĞŶƚĂƚŝŽŶ�ŽĨ�ďŝŽĨůƵŝĚ�ĨƌĂĐƚŝŽŶĂƚŝŽŶ�ĂůůŽǁƐ�ƚŽ�ĂĚǀĂŶĐĞ�ƚŚĞ�ďŝŽůŽŐŝĐĂů�
ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ĂŶĚ�ďŝŽŵĂƌŬĞƌ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ��s͘



Abstract # 20 

^ƚĞǀĞŶ Soper 
hŶŝǀĞƌƐŝƚǇ�ŽĨ�<ĂŶƐĂƐ͕�>ĂǁƌĞŶĐĞ

DŝǆĞĚ-^ĐĂůĞ�&ůƵŝĚŝĐ�^ǇƐƚĞŵƐ�ĨŽƌ�ƚŚĞ�,ŝŐŚ��ĸĐŝĞŶĐǇ�^ĞůĞĐƟŽŶ�ŽĨ��ŝƐĞĂƐĞ-
�ƐƐŽĐŝĂƚĞĚ��sƐ��ŶĚ�dŚĞŝƌ�^ƵďƐĞƋƵĞŶƚ��ŶĂůǇƐŝƐ�ĨŽƌ��ŝƐĞĂƐĞ�DĂŶĂŐĞŵĞŶƚ 
^ƚĞǀĞŶ��͘�^ŽƉĞƌ�ĂŶĚ��ŶĚƌĞǁ�<͘�'ŽĚǁŝ 
hŶŝǀĞƌƐŝƚǇ�ŽĨ�<ĂŶƐĂƐ͕�>ĂǁƌĞŶĐĞ�Θ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�<ĂŶƐĂƐ�DĞĚŝĐĂů��ĞŶƚĞƌ 

tĞ�ŚĂǀĞ�ďĞĞŶ�ĚĞǀĞůŽƉŝŶŐ�ƚŽŽůƐ�ĨŽƌ�ƚŚĞ�ĚŝĂŐŶŽƐŝƐ�ŽĨ�Ă�ǀĂƌŝĞƚǇ�ŽĨ�ĚŝƐĞĂƐĞƐ͘�dŚĞ�ĐŽŵŵŽŶĂůŝƚǇ�ŝŶ�ƚŚĞƐĞ�ƚŽŽůƐ�ŝƐ�ƚŚĂƚ�ƚŚĞǇ�
ĐŽŶƐŝƐƚ�ŽĨ�ŵŝĐƌŽŇƵŝĚŝĐ�ĚĞǀŝĐĞƐ�ŵĂĚĞ�ĨƌŽŵ�ƉůĂƐƟĐƐ�ǀŝĂ�ŝŶũĞĐƟŽŶ�ŵŽůĚŝŶŐ͘�dŚƵƐ͕�ŽƵƌ�ƚŽŽůƐ�ĐĂŶ�ďĞ�ŵĂƐƐ�ƉƌŽĚƵĐĞĚ�Ăƚ�ůŽǁ-
ĐŽƐƚ�ƚŽ�ĨĂĐŝůŝƚĂƚĞ�ďĞŶĐŚ-to-ďĞĚ�ƐŝĚĞ�ƚƌĂŶƐŝƟŽŶ�ĂŶĚ�ƉŽŝŶƚ-of-ĐĂƌĞ�ƚĞƐƟŶŐ�;WŽ�dͿ͘�tĞ�ŚĂǀĞ�ĂůƐŽ�ďĞĞŶ�ŐĞŶĞƌĂƟŶŐ�ŶŽǀĞů�
ĂƐƐĂǇƐ�ĨŽĐƵƐĞĚ�ŽŶ�ƵƐŝŶŐ�ůŝƋƵŝĚ�ďŝŽƉƐǇ�ƐĂŵƉůĞƐ�ƚŚĂƚ�ĂƌĞ�ĞŶĂďůĞĚ�ƵƐŝŶŐ�ŵŝĐƌŽŇƵŝĚŝĐƐ͘�/Ŷ�ƚŚŝƐ�ƉƌĞƐĞŶƚĂƟŽŶ�/�ǁŝůů�ƚĂůŬ�ĂďŽƵƚ�
ƚŚĞ�ĞǀŽůƵƟŽŶ�ŽĨ�ŽƵƌ�ĨĂďƌŝĐĂƟŽŶ�ĞīŽƌƚƐ�ŽĨ�ƉůĂƐƟĐ-ďĂƐĞĚ�ŵŝĐƌŽŇƵŝĚŝĐ�ĂŶĚ�ŶĂŶŽŇƵŝĚŝĐ�ĚĞǀŝĐĞƐ�ĂƐ�ǁĞůů�ƚŚĞŝƌ�ƐƵƌĨĂĐĞ�
ŵŽĚŝĮĐĂƟŽŶ�ƚŽ�ŵĂŬĞ�ƚŚĞ�ĚĞǀŝĐĞƐ�ďŝŽĐŽŵƉĂƟďůĞ�ĨŽƌ�ŝŶ�ǀŝƚƌŽ�ĚŝĂŐŶŽƐƟĐƐ͘�KŶĞ�ƚŽŽů�ƚŚĂƚ�ǁĞ ŚĂǀĞ�ŐĞŶĞƌĂƚĞĚ�ŝƐ�Ă�ƉůĂƐƟĐ�
ĚĞǀŝĐĞ�;ϯϴ�п�ϰϮ�ŵŵͿ�ƚŚĂƚ�ĐŽŶƐŝƐƚƐ�ŽĨ�ϭ͘ϱD�ƉŝůůĂƌƐ͕�ǁŚŝĐŚ�ĂƌĞ�ƐƵƌĨĂĐĞ�ĚĞĐŽƌĂƚĞĚ�ǁŝƚŚ�ĂĸŶŝƚǇ�ĂŐĞŶƚƐ�ƚĂƌŐĞƟŶŐ�ĐĞƌƚĂŝŶ�
ĚŝƐĞĂƐĞ-ĂƐƐŽĐŝĂƚĞĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ͘�dŚĞ�ĂĸŶŝƚǇ�ĂŐĞŶƚƐ�ĂƌĞ�ĐŽǀĂůĞŶƚůǇ�ĂƩĂĐŚĞĚ�ƚŽ�ƚŚĞ�ƐƵƌĨĂĐĞ�Žf the 
ŵŝĐƌŽŇƵŝĚŝĐ�ĚĞǀŝĐĞ�ƵƐŝŶŐ�Ă�ŚĞƚĞƌŽ-ďŝĨƵŶĐƟŽŶĂů�ůŝŶŬĞƌ͕ �ǁŚŝĐŚ�ĐŽŶƐŝƐƚƐ�ŽĨ�Ă�ĐŽƵŵĂƌŝŶ�ŵŽŝĞƚǇ�ƚŽ�ĂůůŽǁ�ĨŽƌ�ƚŚĞ�ƉŚŽƚŽůǇƟĐ�
ƌĞůĞĂƐĞ�ŽĨ�ƚŚĞ�ĐĂƉƚƵƌĞĚ��sƐ�ƵƐŝŶŐ�Ă�ďůƵĞ-ůŝŐŚƚ�>���ƚŽ�ŵŝŶŝŵŝǌĞ�ƉŚŽƚŽĚĂŵĂŐĞ�ƚŽ�ƚŚĞ��sƐ͛�ŵŽůĞĐƵůĂƌ�ĐĂƌŐŽ͘�/Ŷ�ƚŚŝƐ�
ƉƌĞƐĞŶƚĂƟŽŶ͕�/�ǁŝůů�ĚŝƐĐƵƐƐ�ƚŚĞ�ƵƟůŝƚǇ�ŽĨ�ƚŚĞƐĞ�ŵŝĐƌŽŇƵŝĚŝĐ�ĚĞǀŝĐĞƐ�ƵƐŝŶŐ��sƐ�ĂƐ�Ă�ƐŽƵƌĐĞ�ŽĨ�ŵZE�Ɛ�ĨŽƌ�ŵŽůĞĐƵůĂƌ�ƐƵď-
ƚǇƉŝŶŐ�ŽĨ�ďƌĞĂƐƚ�ĐĂŶĐĞƌ�ƉĂƟĞŶƚƐ͘��sƐ�ǁĞƌĞ�ĂĸŶŝƚǇ�ƐĞůĞĐƚĞĚ�ĨƌŽŵ�ďƌĞĂƐƚ-ĐĂŶĐĞƌ�ƉĂƟĞŶƚƐ͛�ƉůĂƐŵĂ�ďǇ�ƐĞĂƌĐŚŝŶŐ�ĨŽƌ�ďŽƚŚ�
ĞƉŝƚŚĞůŝĂů�ĂŶĚ�ŵĞƐĞŶĐŚǇŵĂů�ĞǆƉƌĞƐƐŝŶŐ��sƐ�ƚŽ�ĂůůŽǁ�ĨŽƌ�ŚŝŐŚůǇ�ĞĸĐŝĞŶƚ�ƐƵď-ƚǇƉŝŶŐ�ƵƐŝŶŐ�ƚŚĞ�W�DϱϬ�ŐĞŶĞ�ƉĂŶĞů�ĂŶĚ�
ƚŚĞ�nCounter. 



Abstract # 21 

dŽŶǇ�:ƵŶ�,ƵĂŶŐ
�ƵŬĞ�hŶŝǀĞƌƐŝƚǇ 

�ĐŽƵƐƚŽŇƵŝĚŝĐ�Ɛ�s�/ƐŽůĂƟŽŶ��ĞǀŝĐĞƐ�ǁŝƚŚ�,ŝŐŚ�zŝĞůĚ͕�,ŝŐŚ��ŝŽĐŽŵƉĂƟďŝůŝƚǇ͕�ĂŶĚ�
,ŝŐŚ�ZĞƉĞĂƚĂďŝůŝƚǇ 
�ŚĂŽƌĂŶ��ŚĂŶŐ͕ϭ��ƌŝŶĚĂŵ�'ŚŽƐŚ͕�ϭ�:ŝĂŶƉŝŶŐ�yŝĂ͕Ϯ�dŽŶǇ�:ƵŶ�,ƵĂŶŐ͕Ϯ͕Ύ�>ŝŶ�tĂŶŐϭ͕Ύ 
ϭ͘ �ƐĐĞŶƚ��ŝŽ-EĂŶŽ�dĞĐŚŶŽůŽŐŝĞƐ͕�/ŶĐ͕͘�DŽƌƌŝƐǀŝůůĞ͕�E��ϮϳϱϲϬ
Ϯ͘ dŚŽŵĂƐ�>ŽƌĚ��ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�DĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ͕��ƵŬĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ƵƌŚĂŵ͕�E��ϮϳϳϬϴ

/Ŷ�ƌĞĐĞŶƚ�ǇĞĂƌƐ͕�ƐŵĂůů�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;Ɛ�sƐͿ�ŚĂǀĞ�ŐĂŝŶĞĚ�ƉŽƉƵůĂƌŝƚǇ�ĂƐ�ƉŽƚĞŶƟĂů�ďŝŽŵĂƌŬĞƌƐ�ĨŽƌ�ůŝƋƵŝĚ�ďŝŽƉƐŝĞƐ�ĚƵĞ�
ƚŽ�ƚŚĞ�ƉůĞƚŚŽƌĂ�ŽĨ�ŵŽůĞĐƵůĂƌ�ĐĂƌŐŽ�ƚŚĞǇ�ĐĂƌƌǇ͕ �ƐƵĐŚ�ĂƐ�ŶƵĐůĞŝĐ�ĂĐŝĚƐ�ĂŶĚ�ƉƌŽƚĞŝŶƐ͘�,ŽǁĞǀĞƌ͕ �ƚŚĞ�ĐůŝŶŝĐĂů�ĂƉƉůŝĐĂƟŽŶ�ŽĨ�Ɛ�sƐ�
ŝƐ�ƐĞǀĞƌĞůǇ�ŚŝŶĚĞƌĞĚ�ďǇ�ƚŚĞ�ůĂĐŬ�ŽĨ�ŚŝŐŚ-ǇŝĞůĚ͕�ŚŝŐŚ-ďŝŽĐŽŵƉĂƟďŝůŝƚǇ͕ �ĂŶĚ�ŚŝŐŚ-ƌĞƉĞĂƚĂďŝůŝƚǇ�ƚĞĐŚŶŝƋƵĞƐ�ĨŽƌ�Ɛ�s�ŝƐŽůĂƟŽŶ͘�
tĞ�ŚĂǀĞ�ĚĞǀĞůŽƉĞĚ�ĂŶĚ�ǀĂůŝĚĂƚĞĚ�ĂĐŽƵƐƚŽŇƵŝĚŝĐ�ďĂƐĞĚ�Ɛ�s�ŝƐŽůĂƟŽŶ�ĚĞǀŝĐĞƐ�ƚŚĂƚ�ĂĐŚŝĞǀĞ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŚŝŐŚĞƌ�ǇŝĞůĚ͕�
ďŝŽĐŽŵƉĂƟďŝůŝƚǇ͕ �ĂŶĚ�ƌĞƉĞĂƚĂďŝůŝƚǇ�ƚŚĂŶ�ĐŽŶǀĞŶƟŽŶĂů�ĂƉƉƌŽĂĐŚĞƐ͘�tĞ�ƉĞƌĨŽƌŵĞĚ�Ă�ĐŽŵƉĂƌŝƐŽŶ�ƐƚƵĚǇ�ŽĨ�ĂĐŽƵƐƚŽŇƵŝĚŝĐƐ�
ĚĞǀŝĐĞƐ�ƚŽ�ĐŽŶǀĞŶƟŽŶĂů�ĂƉƉƌŽĂĐŚĞƐ�ƐƵĐŚ�ĂƐ�ƵůƚƌĂĐĞŶƚƌŝĨƵŐĂƟŽŶ͕�ƐŝǌĞ�ĞǆĐůƵƐŝŽŶ�ĐŽůƵŵŶ͕��ǆŽƋƵŝĐŬ͕�ĂŶĚ��ǆŽ�ĂƐǇ͘�dŚĞ�
ŝƐŽůĂƚĞĚ��s�ĨƌĂĐƟŽŶƐ�ǁĞƌĞ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�ĨŽƵƌ�ƚĞĐŚŶŝƋƵĞƐ͗�Ed�͕�tĞƐƚĞƌŶ��ůŽƫŶŐ͕��ůĞĐƚƌŽŶ�DŝĐƌŽƐĐŽƉǇ͕ �ĂŶĚ�ƚŽƚĂů�ZE��
ƋƵĂŶƟĮĐĂƟŽŶ͘�KƵƌ�ƌĞƐƵůƚƐ�ƐŚŽǁĞĚ�ƚŚĂƚ�ƐĂŵƉůĞƐ�ŝƐŽůĂƚĞĚ�ƵƐŝŶŐ�ƚŚĞ�ĂĐŽƵƐƚŽŇƵŝĚŝĐ�ĚĞǀŝĐĞ�ŚĂǀĞ�Ă�ŵƵĐŚ�ŚŝŐŚĞƌ�Ɛ�s�ǇŝĞůĚ�
ĂŶĚ�ŚŝŐŚĞƌ�ŝŶƚĞŐƌŝƚǇ�ƚŚĂŶ�ƚŚĞ�ĐŽŶǀĞŶƟŽŶĂů�ĂƉƉƌŽĂĐŚ͘�tĞ�ĂůƐŽ�ǀĞƌŝĮĞĚ�ƚŚĂƚ�ŽƵƌ�ĚĞǀŝĐĞ�ǁŽƌŬ�ĐŽŶƐŝƐƚĞŶƚůǇ�ǁŝƚŚ�ĚŝīĞƌĞŶƚ�
ŽƉĞƌĂƚŽƌƐ�ŽǀĞƌ�ŵƵůƟƉůĞ�ƐĂŵƉůĞƐ�ŽŶ�ĚŝīĞƌĞŶƚ�ĚĂǇƐ�ĨŽƌ�ĚŝīĞƌĞŶƚ�ƐĂŵƉůĞ�ƚǇƉĞƐ͗�ƉůĂƐŵĂ͕�ƐĂůŝǀĂ͕�ƟƐƐƵĞ͕�ĞƚĐ͘�tŝƚŚ�ŝƚƐ�
ĂĚǀĂŶƚĂŐĞƐ�ŝŶ�ǇŝĞůĚ͕�ďŝŽĐŽŵƉĂƟďŝůŝƚǇ͕ �ƐƉĞĞĚ͕�ĂŶĚ�ƌĞƉĞĂƚĂďŝůŝƚǇ͕ �ƚŚĞ�ĂĐŽƵƐƚŽŇƵŝĚŝĐ�ƚĞĐŚŶŽůŽŐǇ�ŚĂƐ�ƚŚĞ�ƉŽƚĞŶƟĂů�ƚŽ�ŐƌĞĂƚůǇ�
ƐŝŵƉůŝĨǇ�ĂŶĚ�ĞǆƉĞĚŝƚĞ�ǁŽƌŬŇŽǁƐ�ŝŶ�Ɛ�s-ƌĞůĂƚĞĚ�ďŝŽŵĞĚŝĐĂů�ƌĞƐĞĂƌĐŚ�ĂŶĚ�ĂŝĚ�ŝŶ�ƚŚĞ�ĚŝƐĐŽǀĞƌǇ�ŽĨ�ŶĞǁ�Ɛ�s�ďŝŽŵĂƌŬĞƌƐ͘ 



Abstract # 22 

Ionita Ghiran 
�ĞƚŚ�/ƐƌĂĞů��ĞĂĐŽŶĞƐƐ�DĞĚŝĐĂů��ĞŶƚĞƌ

/ĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ƉŽƐƩƌĂŶƐĐƌŝƉƟŽŶĂů�ŵŽĚŝĮĐĂƟŽŶƐ�ŝŶ�ŶƵĐůĞŝĐ�ĂĐŝĚ�ƐĞƋƵĞŶĐĞƐ�ƵƐŝŶŐ�
propose-ĚĞƐŝŐŶĞĚ�ŵŽůĞĐƵůĂƌ�ďĞĂĐŽŶƐ 
WĂƌƵů�^ĂŚƵϭ͕�'ĞƚƵůŝŽ�WĞƌĞŝƌĂϭ͕Ϯ͕�:ŝĂŶ�tĂŶŐ͕�<Ăŵŝů�^ǌĞůŝƐŬŝϭ͕�EŝŬŽůĂǇ��ŽŬŚŽůǇĂŶ͕�sŝǀŝĂŶ�dƌĂŶϯ͕�DŝƌŽƐůĂǁ�<ŽƌŶĞĐŬϱ͕�:ŽŚŶ�
dŝŐŐĞƐϯ͕�:ĞŶŶŝĨĞƌ�:ŽŶĞƐϰ͕�/ŽŶŝƚĂ�'ŚŝƌĂŶϭ 
ϭ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŶĞƐƚŚĞƐŝĂ͕��ĞƚŚ�/ƐƌĂĞů��ĞĂĐŽŶĞƐƐ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů͕��ŽƐƚŽŶ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ͖
Ϯ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝƐƚƌǇ�ĂŶĚ��ŚĞŵŝĐĂů��ŝŽůŽŐǇ͕ ��ĂƌŶĞƩ�/ŶƐƟƚƵƚĞ�ŽĨ��ŚĞŵŝĐĂů�Θ��ŝŽůŽŐŝĐĂů��ŶĂůǇƐŝƐ͕�EŽƌƚŚĞĂƐƚĞƌŶ
UŶŝǀĞƌƐŝƚǇ͕ ��ŽƐƚŽŶ͕�D�͕�h^�
ϯ͘ EĂŶŽ�&ůŽǁ��ŽƌĞ�&ĂĐŝůŝƚǇ͕ ��ĞƚŚ�/ƐƌĂĞů��ĞĂĐŽŶĞƐƐ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů͕��ŽƐƚŽŶ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ͖
ϰ͘ >ĂďŽƌĂƚŽƌǇ�ŽĨ�WĂƚŚŽůŽŐǇ��ĞŶƚĞƌ�ĨŽƌ��ĂŶĐĞƌ�ZĞƐĞĂƌĐŚ͕�EĂƟŽŶĂů��ĂŶĐĞƌ�/ŶƐƟƚƵƚĞ͕��ĞƚŚĞƐĚĂ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ͖
5͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�/ŶƚĞƌŶĂů�DĞĚŝĐŝŶĞ�/͕�hŶŝǀĞƌƐŝƚǇ�,ŽƐƉŝƚĂů��ŽŶŶ�ŽĨ�ƚŚĞ�ZŚĞŝŶŝƐĐŚĞ�&ƌŝĞĚƌŝĐŚ-tŝůŚĞůŵƐ-hŶŝǀĞƌƐŝƚǇ͕ ��ŽŶŶ͕
'ĞƌŵĂŶǇ

�ĂĐŬŐƌŽƵŶĚ͗�WŽƐƚ-ƚƌĂŶƐĐƌŝƉƟŽŶĂů�ZE��ŵŽĚŝĮĐĂƟŽŶƐ�;WdǆDƐͿ�ƉƌĞƐĞŶƚ�ŝŶ�ƐŵĂůů�ZE��ƐƉĞĐŝĞƐ͕�ƐƉĞĐŝĮĐĂůůǇ�ĐŝƌĐƵůĂƟŶŐ�
ĞǆƚƌĂĐĞůůƵůĂƌ�ZE�Ɛ͕�ǁĞƌĞ�ƌĞĐĞŶƚůǇ�ŝĚĞŶƟĮĞĚ�ĂƐ�ĐůŝŶŝĐĂůůǇ�ƌĞůĞǀĂŶƚ�ƌĞĂĚŽƵƚƐ͕�ŽŌĞŶ�ŵŽƌĞ�ŝŶĚŝĐĂƟǀĞ�ŽĨ�ĚŝƐĞĂƐĞ�ƐĞǀĞƌŝƚǇ�ƚŚĂŶ�
ƚŚĞ�ĐůĂƐƐŝĐĂů�͞ƵƉ�ĂŶĚ�ĚŽǁŶ͟�ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞŝƌ�ĐŽƉǇ�ŶƵŵďĞƌ�ĂůŽŶĞ͘�tŚŝůĞ�ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�WdǆDƐ�ƌĞƋƵŝƌĞƐ�ŵƵůƟƉůĞ�ĂŶĚ�
ĐŽŵƉůĞǆ�ƐĂŵƉůĞ�ƉƌĞƉĂƌĂƟŽŶ�ƐƚĞƉs, microgram-ƌĂŶŐĞ�ĂŵŽƵŶƚƐ�ŽĨ�ZE�͕�ĨŽůůŽǁĞĚ�ďǇ�ĞǆƉĞŶƐŝǀĞ�ĂŶĚ�ƉƌŽƚƌĂĐƚĞĚ�
ďŝŽŝŶĨŽƌŵĂƟĐƐ�ĂŶĂůǇƐĞƐ͕�ƚŚĞ�ĐůŝŶŝĐĂůůǇ�ƌĞůĞǀĂŶƚ�ŝŶĨŽƌŵĂƟŽŶ�ŝƐ�ƵƐƵĂůůǇ�Ă�ǇĞƐͬŶŽ�ĨŽƌ�Ă�ƉĂƌƟĐƵůĂƌ�ŐĞŶĞƟĐ�ǀĂƌŝĂŶƚ;ƐͿ͕�ĂŶĚ�ĂŶ�
ƵƉͬĚŽǁŶ�ĂŶƐǁĞƌ�ĨŽƌ�ƌĞůĞǀĂŶƚ�ďŝŽŵĂƌŬĞƌƐ͘�tĞ�ŚĂǀĞ�ƉƌĞǀŝŽƵƐůǇ�ƐŚŽǁŶ�ƚŚĂƚ�ŵŽůĞĐƵůĂƌ�ďĞĂĐŽŶƐ�;D�ƐͿ�ĐĂŶ�ŝĚĞŶƟĨǇ�ƐƉĞĐŝĮĐ�
ŶƵĐůĞŝĐ�ĂĐŝĚ�ƐĞƋƵĞŶĐĞƐ�ǁŝƚŚ�ƉŝĐŽŵŽůĂƌ�ƐĞŶƐŝƟǀŝƚǇ�ĂŶĚ�ƐŝŶŐůĞ�ŶƵĐůĞŽƟĚĞ�ƐƉĞĐŝĮĐŝƚǇ�ďǇ�ĞǆƉůŽŝƟŶŐ�ƚŚĞ�ƚĂƌŐĞƚ-ĚĞƉĞŶĚĞŶƚ�
ĐŚĂŶŐĞ�ŝŶ�ƚŚĞŝƌ�ĞůĞĐƚƌŽƉŚŽƌĞƟĐ�ŵŽďŝůŝƚǇ�ƉƌŽĮůĞ͘ 

ZĞƐƵůƚƐ͗�tĞ�ŶŽǁ�ƐŚŽǁ�Ă�ĚŝƌĞĐƚ͕ ͞ŵŝǆ�ĂŶĚ�ƌĞĂĚ͟�ĚĞƚĞĐƟŽŶ�ŽĨ�ƐƉĞĐŝĮĐ�ZE�Ɛ�ŵŽůĞĐƵůĞƐ�ŝŶ�ĐĞůůƐ�ĂŶĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�
ƵƐŝŶŐ�ŐĞů�ĞůĞĐƚƌŽƉŚŽƌĞƐŝƐ͘�dŚĞ�ĚĞƚĞĐƟŽŶ�ŝƐ�ďĂƐĞĚ�ŽŶ�ĚŝƐĐƌĞĞƚ�ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞ�ŚǇĚƌŽĚǇŶĂŵŝĐ�ƐƵƌĨĂĐĞ�ƉƌŽĮůĞ͕�ƚŚĞ�ŽǀĞƌĂůů�
ĐŚĂƌŐĞ�ĂŶĚ�ĐŚĂƌŐĞ�ĚŝƐƚƌŝďƵƟŽŶ�ŽĨ�ƚŚĞ�D�-target ŚǇďƌŝĚ͘�&ƵƌƚŚĞƌŵŽƌĞ͕�ƵƐŝŶŐ�ĂŶ�ZE��ƚĞƌƟĂƌǇ�ƐƚƌƵĐƚƵƌĞ�ƉƌĞĚŝĐƟŽŶ�
ĂůŐŽƌŝƚŚŵ�;ŝ&ŽůĚZE�Ϳ�ĂŶĚ�ŵŽůĞĐƵůĂƌ�ĚǇŶĂŵŝĐƐ�ƐŝŵƵůĂƟŽŶ�;�D�Ϳ�ĚĞǀĞůŽƉĞĚ�ďǇ�ƵƐ͕�ǁĞ�ĚĞƐŝŐŶĞĚ�D�Ɛ�ĐŽŶƚĂŝŶŝŶŐ�ƚĂƌŐĞƚĞĚ�
ŶƵĐůĞŽďĂƐĞ�ŵŽĚŝĮĐĂƟŽŶ�ĐŽƵƉůĞĚ�ƚŽ�Ă�ƵŶŝƋƵĞ�ŇƵŽƌŽĐŚƌŽŵĞ-ƋƵĞŶĐŚĞƌ�ƉĂŝƌ͕ �ǁŚŝĐŚ�ŝĚĞŶƟĮĞĚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ŵϲ�-
ŵŽĚŝĮĞĚ�ŶƵĐůĞŽƟĚĞƐ�ŝŶ�ƚĂƌŐĞƚ�ZE��ƐĞƋƵĞŶĐĞƐ͘ 

�ŽŶĐůƵƐŝŽŶ͗�dŚĞ�ƐĂŵƉůĞ�ƉƌĞƉĂƌĂƟŽŶ�ŵĞƚŚŽĚ�ĐŽƵƉůĞĚ�ƚŽ�ƚŚĞ�ƐŽŌǁĂƌĞ�ƉĂĐŬĂŐĞ�ĂīŽƌĚƐ�ƚŚĞ�ĚĞƐŝŐŶ�ŽĨ�ƐƉĞĐŝĮĐ�D�Ɛ�ĂŶĚ�
ƐĞŶƐŝƟǀĞ͕�ŵƵůƟƉůĞǆ-ƚǇƉĞ�ĚĞƚĞĐƟŽŶ�ŽĨ�ƚĂƌŐĞƚƐ�ŝŶ�Ă�ǁŝĚĞ�ǀĂƌŝĞƚǇ�ŽĨ�ďŝŽŇƵŝĚƐ�ĂŶĚ�ĐĞůůƐ͘ 



Abstract # 23 

'ŝũƵŶŐ <ǁĂŬ 
:ŽŚŶƐ�,ŽƉŬŝŶƐ�hŶŝǀĞƌƐŝƚǇ 

�ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ-ĂƐƐŽĐŝĂƚĞĚ�ĂĚĞŶŽ-ĂƐƐŽĐŝĂƚĞĚ�ǀŝƌƵƐ�ĨŽƌ�ŝŶŚĂůĞĚ�ŐĞŶĞ�ĚĞůŝǀĞƌǇ 
'ŝũƵŶŐ�<ǁĂŬϭ͕Ϯ͕�KůĞƐŝĂ�'ŽůŽůŽďŽǀĂϯ͕�EĞĞƌĂũ�^ŚĂƌŵĂϰ͕��ŽůŝŶ��ĂŝŶĞϱ͕�DĂƌŝŶĂ�DĂǌƵƌϲ͕�<ĂƚŚůĞĞŶ�DƵůŬĂϯ͕�EĂƚĂůŝĞ��͘�tĞƐƚϳ͕�
'ĞŽƌŐĞ�D͘�^ŽůŽŵŽŶϲ͕�'ĂƌƌǇ�Z͘��ƵƫŶŐϰ͕�<ĞŶŶĞƚŚ�t͘�tŝƚǁĞƌϯ͕�^ƚĞǀĞŶ�D͘�ZŽǁĞϲ͕�DŝĐŚĂĞů�WĂƵůĂŝƟƐϭ͕�'ĞŽƌŐĞ�
�ƐůĂŶŝĚŝϱ͕ϴ͕ϵ͕�:ƵŶŐ�^ŽŽ�^ƵŬϭ͕Ϯ͕ϭϬ͕Ύ 
ϭ͘ �ĞŶƚĞƌ�ĨŽƌ�EĂŶŽŵĞĚŝĐŝŶĞ�Ăƚ�tŝůŵĞƌ��ǇĞ�/ŶƐƟƚƵƚĞ͕�:ŽŚŶƐ�,ŽƉŬŝŶƐ�hŶŝǀĞƌƐŝƚǇ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕��ĂůƟŵŽƌĞ�D�͘
Ϯ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�KƉŚƚŚĂůŵŽůŽŐǇ͕ �:ŽŚŶƐ�,ŽƉŬŝŶƐ�hŶŝǀĞƌƐŝƚǇ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕��ĂůƟŵŽƌĞ�D�͘
ϯ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�DŽůĞĐƵůĂƌ�ĂŶĚ��ŽŵƉĂƌĂƟǀĞ�WĂƚŚŽďŝŽůŽŐǇ͕ �:ŽŚŶƐ�,ŽƉŬŝŶƐ�hŶŝǀĞƌƐŝƚǇ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕��ĂůƟŵŽƌĞ�D�͘
ϰ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�'ĞŶĞƟĐ�DĞĚŝĐŝŶĞ͕�:ŽŚŶƐ�,ŽƉŬŝŶƐ�hŶŝǀĞƌƐŝƚǇ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕��ĂůƟŵŽƌĞ�D�͘
ϱ͘ ,ŽƌŵĞů�/ŶƐƟƚƵƚĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝŶŶĞƐŽƚĂ͕��ƵƐƟŶ�DE͘
ϲ͘ 'ƌĞŐŽƌǇ�&ůĞŵŝŶŐ�:ĂŵĞƐ��ǇƐƟĐ�&ŝďƌŽƐŝƐ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ͕ �,ĞĞƌƐŝŶŬ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ůĂďama at
�ŝƌŵŝŶŐŚĂŵ͕��ŝƌŵŝŶŐŚĂŵ��>͘
ϳ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�WƵůŵŽŶĂƌǇ�ĂŶĚ��ƌŝƟĐĂů��ĂƌĞ�DĞĚŝĐŝŶĞ͕�:ŽŚŶƐ�,ŽƉŬŝŶƐ�hŶŝǀĞƌƐŝƚǇ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕��ĂůƟŵŽƌĞ�D�͘
ϴ͘ DĂƐŽŶŝĐ��ĂŶĐĞƌ��ĞŶƚĞƌ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝŶŶĞƐŽƚĂ͕�DŝŶŶĞĂƉŽůŝƐ�DE͘
ϵ͘ /ŶƐƟƚƵƚĞ�DŽůĞĐƵůĂƌ�sŝƌŽůŽŐǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝŶŶĞƐŽƚĂ͕�DŝŶŶĞĂƉŽůŝƐ�DE͘
ϭϬ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽŵŽůĞĐƵůĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�:ŽŚŶƐ�,ŽƉŬŝŶƐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂůƟŵŽƌĞ�D�͘

�ĂĐŬŐƌŽƵŶĚ͗��ŝƌǁĂǇ�ŵƵĐƵƐ�ŝƐ�ƵŶŝǀĞƌƐĂůůǇ�ĂƉƉƌĞĐŝĂƚĞĚ�ĂƐ�ŽŶĞ�ŽĨ�ƚŚĞ�ŵĂũŽƌ�ŚƵƌĚůĞƐ�ƚŚĂƚ�ŝŶŚĂůĞĚ�ŐĞŶĞ�ǀĞĐƚŽƌƐ�ŵƵƐƚ�
ŽǀĞƌĐŽŵĞ�ƚŽ�ĂĐŚŝĞǀĞ�ĐůŝŶŝĐĂůůǇ�ƌĞůĞǀĂŶƚ�ŐĞŶĞ�ĚĞůŝǀĞƌǇ�ĞĸĐĂĐǇ�ŝŶ�ƚŚĞ�ůƵŶŐ͘��ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ͕�ŚĂǀŝŶŐ�ĂŶ�ŝŶƚƌŝŶƐŝĐ�
ĂďŝůŝƚǇ�ƚŽ�ƐŚƵƩůĞ�ǀĂƌŝŽƵƐ�ďŝŽůŽŐŝĐĂů�ĐĂƌŐŽĞƐ�ƚŚƌŽƵŐŚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ŵŝůŝĞƵƐ�ĂŶĚ�ďĞƚǁĞĞŶ�ĐĞůůƐ͕�ĂƌĞ�ĨŽƵŶĚ�ŝŶ�ŚƵŵĂŶ�ĂŝƌǁĂǇ�
ŵƵĐƵƐ�ĂŶĚ�ŵĞĚŝĂƚĞ�ĐƌŽƐƐƚĂůŬ�ďĞƚǁĞĞŶ�ůƵŶŐ-ƌĞƐŝĚĞŶƚ�ƉĂƌĞŶĐŚǇŵĂů�ĐĞůůƐ�ĂŶĚͬŽƌ�ŝŵŵƵŶĞ�ĐĞůůƐ͘� 

Aims͗�tĞ�ƚŚƵƐ�ŚǇƉŽƚŚĞƐŝǌĞĚ�ƚŚĂƚ�ĂƐƐŽĐŝĂƟŽŶ�ŽĨ�ĂĚĞŶŽ-ĂƐƐŽĐŝĂƚĞĚ�ǀŝƌƵƐ�;��sͿ�ŽŶ��sƐ�ǁŽƵůĚ�ĨĂĐŝůŝƚĂƚĞ�ƚŚĞ�ƉĞŶĞƚƌĂƟŽŶ�ŽĨ�
��s�ǀĞĐƚŽƌƐ�ƚŚƌŽƵŐŚ�ƚŚĞ�ĂŝƌǁĂǇ�ŵƵĐƵƐ͘�tĞ�ĞǆƉůŽƌĞĚ��s-ĂƐƐŽĐŝĂƚĞĚ���s�ƐĞƌŽƚǇƉĞ�ϲ�;�s��sϲͿ͕�ůĞǀĞƌĂŐŝŶŐ���sϲ Ɛ͛�
ƐƵƉĞƌŝŽƌ�ĂďŝůŝƚǇ�ƚŽ�ƌĞƐŝƐƚ�ĂĚŚĞƐŝǀĞ�ŝŶƚĞƌĂĐƟŽŶƐ�ǁŝƚŚ�ĂŝƌǁĂǇ�ŵƵĐƵƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ŽƚŚĞƌ���s�ƐĞƌŽƚǇƉĞƐ͘�,ĞƌĞ�ǁĞ�ŝŶƚƌŽĚƵĐĞ�
�s��sϲ͕�ďǇ�ůĞǀĞƌĂŐŝŶŐ�ŽŶ�ƚŚĞ�ĚĞůŝǀĞƌǇ-ƉƌŽŵŽƟŶŐ�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ŝŶĚŝǀŝĚƵĂů�ĐŽŵƉŽŶĞŶƚƐ͕�ƉƌŽǀŝĚĞƐ�ŚŝŐŚůǇ�ĞĸĐŝĞŶƚ�ŝŶŚĂůĞĚ�
ŐĞŶĞ�transfer eĸĐĂĐǇ�ĂƐ�ǀĂůŝĚĂƚĞĚ�ďǇ�Ă�ƐĞƌŝĞƐ�ŽĨ�ƐƚƵĚŝĞƐ�ĐŽŶĚƵĐƚĞĚ�ŝŶ�ĐŽŵƉůĞŵĞŶƚĂƌǇ�ĞǆƉĞƌŝŵĞŶƚĂů�ŵŽĚĞůƐ͘ 

DĞƚŚŽĚŽůŽŐǇ͗���sϲ�ĂŶĚ��s��sϲ�ǁĞƌĞ�ƉƌŽĚƵĐĞĚ�ďǇ�ƚƌĂŶƐĨĞĐƟŶŐ�,�<�Ϯϵϯd�ĐĞůůƐ�ǁŝƚŚ���s-ƉƌŽĚƵĐŝŶŐ�ƉůĂƐŵŝĚƐ�ĂŶĚ�
ŚĂƌǀĞƐƚĞĚ�ĨƌŽŵ�ƚŚĞ�ĐĞůů�ůǇƐĂƚĞ�ĂŶĚ�ƚŚĞ�ĐŽŶĚŝƟŽŶĞĚ�ŵĞĚŝĂ͕�ƌĞƐƉĞĐƟǀĞůǇ͘�WƵƌŝĮĞĚ���sϲ͕��s͕ ��s��sϲ͕�ĂŶĚ�ƉŚǇƐŝĐĂů�
ŵŝǆƚƵƌĞ�ŽĨ��sƐ�ĂŶĚ���sϲ��;�sн��sϲͿ�ǁĞƌĞ�ĂŶĂůǇǌĞĚ�ďǇ�ǁĞƐƚĞƌŶ�ďůŽƫŶŐ͕�ƐŝŶŐůĞ-ƉĂƌƟĐůĞ�ŝŶƚĞƌĨĞƌŽŵĞƚƌŝĐ�ƌĞŇĞĐƚĂŶĐĞ�
ŝŵĂŐŝŶŐ͕�ĚǇŶĂŵŝĐ�ůŝŐŚƚ�ƐĐĂƩĞƌŝŶŐ͕�ĂŶĚ�ƚƌĂŶƐŵŝƐƐŝŽŶ�ĞůĞĐƚƌŽŶ�ŵŝĐƌŽƐĐŽƉǇ͘�DƵůƟƉůĞ�ƉĂƌƟĐůĞ ƚƌĂĐŬŝŶŐ�;DWdͿ�ĂŶĂůǇƐŝƐ�ǁĂƐ�
ƵƐĞĚ�ƚŽ�ŵĞĂƐƵƌĞ�ƚŚĞ�ĚŝīƵƐŝŽŶ�ƌĂƚĞƐ�ŽĨ��s�ĂŶĚ��s��sϲ�ŝŶ�ĐǇƐƟĐ�ĮďƌŽƐŝƐ�;�&Ϳ�ƉĂƟĞŶƚ�ƐƉƵƚƵŵ�ƐĂŵƉůĞƐ͘�dƌĂŶƐĚƵĐƟŽŶ�
ĞĸĐĂĐǇ�ŽĨ��s��sϲ�ǁĂƐ�ĂƐƐĞƐƐĞĚ�ǁŝƚŚ�ŵƵĐƵƐ-ĨƌĞĞ�ŚƵŵĂŶ�ďƌŽŶĐŚŝĂů�ĞƉŝƚŚĞůŝĂů�;,��Ϳ�ĐĞůů�ůŝŶĞ�ĂŶĚ�ŵƵĐƵƐ-ĐŽǀĞƌĞĚ��&�
ƉĂƟĞŶƚ-ĚĞƌŝǀĞĚ�,���Ăŝƌ-ůŝƋƵŝĚ�ŝŶƚĞƌĨĂĐĞ�;�>/Ϳ�ĐƵůƚƵƌĞƐ�ŝŶ�ǀŝƚƌŽ�ĂŶĚ��ϱϳ�>ͬϲ�ŵŝĐĞ�ĨŽůůŽǁŝŶŐ�ŝŶƚƌĂƚƌĂĐŚĞĂů�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�
ŝŶ�ǀŝǀŽ͘�^ĂĨĞƚǇ�ĂƐƐĞƐƐŵĞŶƚ�ǁĂƐ�ƉƵƌƐƵĞĚ�ǁŝƚŚ�ŚŝƐƚŽůŽŐŝĐĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ƚƌĞĂƚĞĚ�ůƵŶŐƐ͘� 

ZĞƐƵůƚƐ͗��s��sϲ�ĞǆŚŝďŝƚĞĚ�ƐƚĂďůĞ��s-��sϲ�ĂƐƐŽĐŝĂƟŽŶ ǁŚŝůĞ�ƌĞƚĂŝŶŝŶŐ�ƚŚĞ�ŝŶŚĞƌĞŶƚ�ƉƌŽƉĞƌƟĞƐ�ŽĨ��sƐ�ĂŶĚ���sϲ͘�DWd�
ĂŶĂůǇƐŝƐ�ƌĞǀĞĂůĞĚ�ĐŽŵƉĂƌĂďůǇ�ŚŝŐŚ�ŵŽďŝůŝƚǇ�ŽĨ��s�ĂŶĚ��s��sϲ�ŝŶ��&�ƐƉƵƚƵŵ�ƐĂŵƉůĞƐ͘��s��sϲ͕�ďƵƚ�ŶŽƚ��sн��sϲ͕�
ĞǆŚŝďŝƚĞĚ�ŵĂƌŬĞĚůǇ�ĂŶĚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŐƌĞĂƚĞƌ�ƚƌĂŶƐĚƵĐƟŽŶ�ĞĸĐĂĐǇ�ĐŽŵƉĂƌĞĚ�ƚŽ���sϲ�ŝŶ�mucus-ĨƌĞĞ�,���ĐĞůůƐ�ŝŶ�ǀŝƚƌŽ͘�
�s��sϲ͕�ďƵƚ�ŶŽƚ��sн��sϲ͕�ƐŚŽǁĞĚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŐƌĞĂƚĞƌ�ƌĞƉŽƌƚĞƌ�ƚƌĂŶƐŐĞŶĞ�ĞǆƉƌĞƐƐŝŽŶ�ĐŽŵƉĂƌĞĚ�ƚŽ���sϲ�ŝŶ�ŵŽƵƐĞ�
ůƵŶŐƐ�ǁŝƚŚ�ĂŶ�ĞǆĐĞůůĞŶƚ�ƐĂĨĞƚǇ�ƉƌŽĮůĞ͘��s��sϲ͕�ďƵƚ��sн��sϲ͕�ĞǆŚŝďŝƚĞĚ�ƐƵƉĞƌŝŽƌ�ƚƌĂŶƐĚƵĐƟŽŶ�ĞĸĐĂĐǇ�ŝŶ�ŵƵĐƵƐ�
ĐŽǀĞƌĞĚ��>/�ĐƵůƚƵƌĞƐ�ŽĨ�,���ĐĞůůƐ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�Ă�ŚĞĂůƚŚǇ�ĚŽŶŽƌ�ĂŶĚ�Ă��&�ƉĂƟĞŶƚ�ĐŽŵƉĂƌĞĚ�ƚŽ���sϲ͘�

�ŽŶĐůƵƐŝŽŶƐ͗��s��sϲ�ŽǀĞƌĐŽŵĞƐ�ŬĞǇ�ďŝŽůŽŐŝĐĂů�ďĂƌƌŝĞƌƐ�ŝŶ�ƚŚĞ�ůƵŶŐ�ƚŽ�ƉƌŽǀŝĚĞ�ǁŝĚĞƐƉƌĞĂĚ�ĂŶĚ�ƌŽďƵƐƚ�ƉƵůŵŽŶĂƌǇ�
ƚƌĂŶƐŐĞŶĞ�ƚƌĂŶƐĚƵĐ ŽŶ�ĨŽůůŽǁŝŶŐ�ůŽĐĂů�ĂĚŵŝŶŝƐƚƌĂ ŽŶ�ĂŶĚ�ĐŽƵůĚ�ƐĞƌǀĞ�ĂƐ�Ă�ďƌŽĂĚůǇ�ĂƉƉůŝĐĂďůĞ�ĚĞůŝǀĞƌǇ�ƉůĂ Žƌŵ�ĨŽƌ�
ŝŶŚĂůĞĚ�ůƵŶŐ�ŐĞŶĞ�ƚŚĞƌĂƉǇ͘�
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'ŝŽǀĂŶŶŝ �ĂŵƵƐƐŝ 
hŶŝǀĞƌƐŝƚǇ�ŽĨ�dƵƌŝŶ 

�ĚŝďůĞ�ƉůĂŶƚ-ĚĞƌŝǀĞĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂƐ�Ă�ĐĂƌƌŝĞƌ�ĨŽƌ�ĂŶ�ŽƌĂů�^�Z^-COV-2 
ǀĂĐĐŝŶĞ 
DĂƌŐŚĞƌŝƚĂ����WŽŵĂƩŽϭ͖��ŚŝĂƌĂ�'Ăŝϭ͖�'ŝŽǀĂŶŶŝ��ĂŵƵƐƐŝϮ 
ϭ͘ �ǀŽ�ŝŽƚĞĐŚ�Ɛ͘ƌ͘ ů͕͘�dƵƌŝŶ͕�/ƚĂůǇ
Ϯ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĚŝĐĂů�^ĐŝĞŶĐĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dƵƌŝŶ͕�dƵƌŝŶ͕�/ƚĂůǇ

�ĚŝďůĞ�ƉůĂŶƚ-ĚĞƌŝǀĞĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ŵĂǇ�ƌĞƉƌĞƐĞŶƚ�Ă�ƐƵŝƚĂďůĞ�ĐĂƌƌŝĞƌ�ĨŽƌ�ĚĞůŝǀĞƌǇ�ŽĨ�ZE�-ďĂƐĞĚ�ǀĂĐĐŝŶĞƐ�ĂƐ�
ƚŚĞǇ�ĂƌĞ�ŶŽƚ�ĐǇƚŽƚŽǆŝĐ�ĂŶĚ�ŵĂǇ�ƉƌŽƚĞĐƚ�ŶƵĐůĞŝĐ�ĂĐŝĚƐ�ĨƌŽŵ�ĚĞŐƌĂĚĂƟŽŶ�ĂŶĚ�ĞŶǀŝƌŽŶŵĞŶƚĂů�ƐƚƌĞƐƐ͘�dŚĞ�Ăŝŵ�ŽĨ�ƚŚĞ�ƉƌĞƐĞŶƚ�
ƐƚƵĚǇ�ǁĂƐ�ƚŽ�ĞǀĂůƵĂƚĞ�ǁŚĞƚŚĞƌ��sƐ�ĞǆƚƌĂĐƚĞĚ�ĨƌŽŵ�ŽƌĂŶŐĞ�;�ŝƚƌƵƐ�ƐŝŶĞŶƐŝƐͿ�ũƵŝĐĞ�ĞŶŐŝŶĞĞƌĞĚ�ǁŝƚŚ�ŵZE��ĐŽĚŝŶŐ�ĨŽƌ�
ƉƌŽƚĞŝŶ�^�ƐƵďƵŶŝƚ�ϭ�;^ϭͿ�ĐŽƵůĚ�ďĞ�ƵƐĞĚ�ĂƐ�Ă�ĐĂƌƌŝĞƌ�ĨŽƌ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĂŶ�ŽƌĂů�ǀĂĐĐŝŶĞ͘� 

dŚĞ�ŵZE��ǁĂƐ�ĞĸĐŝĞŶƚůǇ�ůŽĂĚĞĚ�ŝŶƚŽ��sƐ�;WĂƚĞŶƚ��ƉƉůŝĐĂƟŽŶ�EŽ͘�tKϮϬϮϮϭϱϮϳϳϭ�Ϳ�ĂŶĚ�ƉƌŽƚĞĐƚĞĚ�ĨƌŽŵ�ĚĞŐƌĂĚŝŶŐ�
ĞŶǌǇŵĞƐ�ŝŶĐůƵĚŝŶŐ�ZEĂƐĞ�ĞŶǌǇŵĞƐ�ĂŶĚ�ƐŝŵƵůĂƚĞĚ�ŐĂƐƚƌŝĐ�ũƵŝĐĞ�ĂƐ�ĚĞƚĞĐƚĞĚ�ďǇ�ƋZd�W�Z͘��ŌĞƌ�ŝŶĐƵďĂƟŽŶ�ǁŝƚŚ�ŵŽŶŽĐǇƚĞƐ͕�
ĞŶŐŝŶĞĞƌĞĚ��sƐ�ǁĞƌĞ�ŝŶĐŽƌƉŽƌĂƚĞĚ͕�ĂŶĚ�ŵZE��ǁĂƐ�ƚƌĂŶƐůĂƚĞĚ�ŝŶƚŽ�ƉƌŽƚĞŝŶ͘�^ϭ�ŵZE�-�sƐ�ǁĞƌĞ�ƐƚĂďůĞ�ĂŌĞƌ ůǇŽƉŚŝůŝǌĂƟŽŶ�
ĂŶĚ�ƐƚŽƌĂŐĞ�Ăƚ�ƌŽŽŵ�ƚĞŵƉĞƌĂƚƵƌĞ�ĂŶĚ�ĂŌĞƌ�ƌĞĐŽŶƐƟƚƵƟŽŶ�ǁĞƌĞ�ƌĞƐŝƐƚĂŶƚ�ƚŽ�ĞŶǌǇŵĞ�ĚĞŐƌĂĚĂƟŽŶ͘� 

dŚĞ�ŝŵŵƵŶŽŐĞŶŝĐ�ƉŽƚĞŶƟĂů�ŽĨ�ůŽĂĚĞĚ��sƐ�ŝŶ�ƐƵƐƉĞŶƐŝŽŶ�ǁĂƐ�ĮƌƐƚ�ĞǀĂůƵĂƚĞĚ�ŝŶ�ŵŝĐĞ�ŝŵŵƵŶŝǌĞĚ�ǀŝĂ�ŝŶƚƌĂŵƵƐĐƵůĂƌ�ĂŶĚ�ŽƌĂů�
ƌŽƵƚĞƐ͘�dŚĞ�ŝŶƚƌĂŵƵƐĐƵůĂƌ ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ĞůŝĐŝƚĞĚ�Ă�ŚƵŵŽƌĂů�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞ�ǁŝƚŚ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ƐƉĞĐŝĮĐ�/ŐD�ĂŶĚ�/Ő'�
ďůŽĐŬŝŶŐ�ĂŶƟďŽĚŝĞƐ�ĂŶĚ�Ă�d�ĐĞůů�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞ͕�ĂƐ�ƐƵŐŐĞƐƚĞĚ�ďǇ�/&E-ŐĂŵŵĂ�ƉƌŽĚƵĐƟŽŶ�ĨƌŽŵ�ƉƵƌŝĮĞĚ�ƐƉůĞĞŶ�
ůǇŵƉŚŽĐǇƚĞƐ͘�KƌĂů�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ďǇ�ŐĂǀĂŐĞ�ŝŶĚƵĐĞĚ�Ă�ƐƉĞĐŝĮĐ�ůǇŵƉŚŽĐǇƚĞ�ĂĐƟǀĂƟŽŶ�ĂŶĚ�ƚŚĞ�ƉƌŽĚƵĐƟŽŶ�ŶŽƚ�ŽŶůǇ�ŽĨ�
ƐƉĞĐŝĮĐ�ďůŽĐŬŝŶŐ�/ŐD�ĂŶĚ�/Ő'�ďƵƚ�ĂůƐŽ�/Ő�͕�ƚŚĂƚ�ĂƌĞ�ƚŚĞ�ĮƌƐƚ�ŵƵĐŽƐĂů�ďĂƌƌŝĞƌ�ŝŶ�ƚŚĞ�ĂĚĂƉƟǀĞ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞ͘�^ŝŶĐĞ�
ďŝŽĚŝƐƚƌŝďƵƟŽŶ�ƐƚƵĚŝĞƐ�ƐŚŽǁĞĚ�Ă�ĚŝƐƉĞƌƐŝŽŶ�ŽĨ�^ϭ�ŵZE�-�sƐ�ŝŶ�ƐŽůƵďůĞ�ĨŽƌŵ�ǁŝƚŚŝŶ�Ăůů�ŐĂƐƚƌŽŝŶƚĞƐƟŶĂů�ƚƌĂĐƚ͕�ǁĞ�
ƉĞƌĨŽƌŵĞĚ�ĞǆƉĞƌŝŵĞŶƚƐ�ŝŶ�ƌĂƚƐ�ŝŵŵƵŶŝǌĞĚ�ďǇ�ŐĂǀĂŐĞ�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ŽĨ�ůǇŽƉŚŝůŝǌĞĚ�^ϭ�ŵZE�-�sƐ�ĞŶĐĂƉƐƵůĂƚĞĚ�ŝŶ�ĞĚŝďůĞ�
ĐĂƉƐƵůĞƐ�ǁŝƚŚ�ƐƉĞĐŝĮĐ�ĚŝƐƐŽůƵƟŽŶ�ŝŶƚŽ�ƚŚĞ�ĮƌƐƚ�ŝŶƚĞƐƟŶĂů�ƚƌĂĐƚ͘�dŚĞ�ŽƌĂů�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ŽĨ�ĐĂƉƐƵůĞƐ�ĂůƐŽ ƚƌŝŐŐĞƌĞĚ�Ă�
ŚƵŵŽƌĂů�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞ�ǁŝƚŚ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ƐƉĞĐŝĮĐ�/ŐD͕�/Ő'�ĂŶĚ�/Ő��ĂŶĚ�ŐĞŶĞƌĂƟŽŶ�ŽĨ�ďůŽĐŬŝŶŐ�ĂŶƟďŽĚŝĞƐ�ĂŶĚ�
ƐƉĞĐŝĮĐ�ůǇŵƉŚŽĐǇƚĞ�ĂĐƟǀĂƟŽŶ͘ 

/Ŷ�ĐŽŶĐůƵƐŝŽŶ͕��sƐ�ĞǆƚƌĂĐƚĞĚ�ĨƌŽŵ�ĞĚŝďůĞ�ƉůĂŶƚƐ�ĐŽŶĨĞƌ�ƐƚĂďŝůŝƚǇ�ƚŽ�ŵZE��ĂŶĚ�ŵĂǇ�ƌĞƉƌĞƐĞŶƚ�ĂŶ�ĞĸĐŝĞŶƚ�ƉůĂƞŽƌŵ�ĨŽƌ�ŽƌĂů�
ǀĂĐĐŝŶĞƐ�ĚĞůŝǀĞƌǇ�ĨŽƌ�ƚŚĞŝƌ�ŽƉƟŵĂů�ŵƵĐŽƐĂů�ĂďƐŽƌƉƟŽŶ�ĂŶĚ�ĂďŝůŝƚǇ�ƚŽ�ƚƌŝŐŐĞƌ�ĂŶ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞ͘�KƌĂů�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ŝŶ�
ƚŚŝƐ�ĐŽŶƚĞǆƚ�ǁĂƐ�ƐƵƉĞƌŝŽƌ�ƚŽ�ƚŚĞ�ŝŶƚƌĂŵƵƐĐƵůĂƌ�ƌŽƵƚĞ�ĂůƐŽ�ĐŽŶĨĞƌƌŝŶŐ�/Ő��ŵƵĐŽƐĂů�ƉƌŽƚĞĐƟŽŶ͘ 
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WƌŝǇĂŶŬĂ 'ŽŬƵůŶĂƚŚ 
DĂƐƐĂĐŚƵƐĞƩƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů�- ,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů 

�ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ�ŵŝĐƌŽZE��ĐĂƌŐŽ�ĚƌŝǀĞƐ�ǀĞŶƚƌŝĐƵůĂƌ�ĂƌƌŚǇƚŚŵŝĂ�ŝŶ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ�
ƉĂƟĞŶƚƐ�ďǇ�ƌĞĐĂƉŝƚƵůĂƟŶŐ�ĚĞǀĞůŽƉŵĞŶƚĂů�ŐĞŶĞƐ 
WƌŝǇĂŶŬĂ�'ŽŬƵůŶĂƚŚ�WŚ�ϭ͕Ύ͕�DŝĐŚĂŝů�^ƉĂŶŽƐ�D�ϭ͕Ύ͕�,͘�/ŵŵŽ�>ĞŚŵĂŶŶ�D�͕�WŚ�ϭ͕�YƵĂŶŚƵ�^ŚĞŶŐ�WŚ�Ϯ͕�>ŝŶŐ�yŝĂŽ�WŚ�ϭ͕�
EĞĚǇĂůŬĂ�sĂůŬŽǀ�WŚ�ϭ͕��ǀĂƐŚ��ĂƐ�D�͕��WŚ�ϭ͕��ŵĞůŝ��ŚĂƩĞƌũĞĞ�WŚ�ϭ͕�'ƵŽƉŝŶŐ�>ŝ�WŚ�ϭ͕��ƌŝĐ��ƐůŽƉ�WŚ�ϯ͕��ƐŚůĞǇ�DŝŶŐǇŝ�
tĂŶŐ���ϭ͕�<ĞŶĚĂůů�sĂŶ�<ĞƵƌĞŶ-:ĞŶƐĞŶ�WŚ�ϯ͕�ZĂǀŝ�^ŚĂŚ�D�ϰ͕�ĂŶĚ�^ĂƵŵǇĂ��ĂƐ�D�͕�WŚ�ϭ͘ 
ϭ͘ �ĂƌĚŝŽǀĂƐĐƵůĂƌ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ͕ �DĂƐƐĂĐŚƵƐĞƩƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů�ĂŶĚ�,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů͕��ŽƐƚŽŶ͕�D�͕�h^�͘
Ϯ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŝŽƐƚĂƟƐƟĐƐ͕�sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �EĂƐŚǀŝůůĞ͕�dE͕�h^�͘
3. DŝǀŝƐŝŽŶ�ŽĨ�EĞƵƌŽŐĞŶŽŵŝĐƐ͕�dŚĞ�dƌĂŶƐůĂƟŽŶĂů�'ĞŶŽŵŝĐƐ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�WŚŽĞŶŝǆ͕���͕�h^�͘
ϰ͘ sĂŶĚĞƌďŝůƚ�dƌĂŶƐůĂƟŽŶĂů�ĂŶĚ��ůŝŶŝĐĂů�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ͕ �sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �EĂƐŚǀŝůůĞ͕�dE͕�h^�͘

�ĂĐŬŐƌŽƵŶĚ͗�,ĞĂƌƚ�&ĂŝůƵƌĞ�;,&Ϳ�ŝƐ�ƚŚĞ�ůĞĂĚŝŶŐ�ĐĂƵƐĞ�ŽĨ�ĚĞĂƚŚ�ǁŽƌůĚǁŝĚĞ͕�ǁŝƚŚ�ĂƌƌŚǇƚŚŵŝĂƐ�ĂĐĐŽƵŶƟŶŐ�ĨŽƌ�ĂďŽƵƚ�ϱϬй�ŽĨ�
ŝƚƐ�ŵŽƌƚĂůŝƚǇ͘�/Ŷ�ĨĂĐƚ͕�ƚŚĞ�ƌĞůĂƟŽŶƐŚŝƉ�ďĞƚǁĞĞŶ�,ĞĂƌƚ�&ĂŝůƵƌĞ�ĂŶĚ�ĂƌƌŚǇƚŚŵŝĂƐ�ŝƐ�ĐůŽƐĞůǇ�ŝŶƚĞƌƚǁŝŶĞĚ͘�&Žƌ�ŝŶƐƚĂŶĐĞ͕�
ƐƚƌƵĐƚƵƌĂů�ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞ�ŚĞĂƌƚ�ĐĂƵƐĞĚ�ďǇ�ĮďƌŽƐŝƐ�ŽĐĐƵƌƌŝŶŐ�ĂŌĞƌ�ŵǇŽĐĂƌĚŝĂů�ŝŶĨĂƌĐƟŽŶ�ĐƌĞĂƚĞ�ƚŚĞ�ƐƵďƐƚƌĂƚĞ�ĨŽƌ�
ĂƌƌŚǇƚŚŵŽŐĞŶĞƐŝƐ͘�KŶ�ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕�ĂŶǇ�ŝŶƚƌŝŶƐŝĐ�ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞ�ĞůĞĐƚƌŝĐĂů�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�ďƌŽƵŐŚƚ�
ĂďŽƵƚ�ďǇ�ĐŚĂŶŐĞƐ�ŝŶ�ŝŽŶ�ĐŚĂŶŶĞů�ĞǆƉƌĞƐƐŝŽŶ�ĂŶĚ�ĨƵŶĐƟŽŶ�ƵŶĚĞƌůŝĞ�ƚŚĞ�ƚƌŝŐŐĞƌƐ�ĨŽƌ�ǀĞŶƚƌŝĐƵůĂƌ�ĂƌƌŚǇƚŚŵŝĂƐ�ĂŶĚ͕�
ƚŚĞƌĞĨŽƌĞ͕�ƐƵĚĚĞŶ�ĐĂƌĚŝĂĐ�ĚĞĂƚŚ�;^��Ϳ͘�EŽǀĞů�ďŝŽŵĂƌŬĞƌƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�,&�ƚŚĂƚ�ůĞĂĚ�ƚŽ�ƚŚĞƐĞ�ĂƌƌŚǇƚŚŵŽŐĞŶŝĐ�ĞǀĞŶƚƐ�
ĂƌĞ�ĂŶ�ĂƌĞĂ�ŽĨ�ƵŶŵĞƚ�ŶĞĞĚ͕�ĂŶĚ�ƉĂƚŚǁĂǇƐ�ƚŚĂƚ�ƉƌŽǀŝĚĞ�ŵĞĐŚĂŶŝƐƟĐ�ŝŶƐŝŐŚƚ�ŝŶƚŽ�ƚŚĞ�ƉƌŽĐĞƐƐ�ĐŽƵůĚ�ďĞ�ĐƌƵĐŝĂů�ĨŽƌ�
ƚŚĞƌĂƉĞƵƟĐ�ŝŶƚĞƌǀĞŶƟŽŶ͘��ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ĂŶĚ�ƚŚĞŝƌ�ZE��ĐĂƌŐŽ�ŝŶ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ�ŚĂǀĞ�ďĞĞŶ�ƌĞƉŽƌƚĞĚ�ƚŽ�ďĞ�
ŝŶǀŽůǀĞĚ�ŝŶ�ĚŝƐĞĂƐĞ�ƉĂƚŚŽŐĞŶĞƐŝƐ�ĂŶĚ�ĐŽƵůĚ�ƉůĂǇ�Ă�ƌŽůĞ�ŝŶ�ƉƌŽŵŽƟŶŐ�ĂƌƌŚǇƚŚŵŝĂƐ͘� 

Aiŵ͗�tĞ�Ăŝŵ�ƚŽ�ŝĚĞŶƟĨǇ�ƚŚĞ�ƐƉĞĐŝĮĐ�ƉůĂƐŵĂ��s-ĚƌŝǀĞŶ�ŵŝĐƌŽZE��ĐĂƌŐŽ�ĂŶĚ�ƉĂƚŚǁĂǇƐ�ƚŚĂƚ�ĐŽƵůĚ�ƉƌĞĚŝƐƉŽƐĞ�ƚŽ�
ĂƌƌŚǇƚŚŵŝĂ�ƚŚƌŽƵŐŚ�ĞůĞĐƚƌŝĐĂů�ƌĞŵŽĚĞůŝŶŐ�ŝŶ�ǀĞŶƚƌŝĐƵůĂƌ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�ĚƵƌŝŶŐ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ�ĂŶĚ�ĨƵƌƚŚĞƌ�ƚĂƌŐĞƚ�ƚŚĞƐĞ�
ƐƉĞĐŝĮĐ�pathways to rescue the arrhythmic phenotype. 

DĞƚŚŽĚŽůŽŐǇ͗�tĞ�ƚƌĞĂƚĞĚ�ŚƵŵĂŶ�ƉůƵƌŝƉŽƚĞŶƚ�ƐƚĞŵ�ĐĞůů�;ŚW^�Ϳ�ĚĞƌŝǀĞĚ�ǀĞŶƚƌŝĐƵůĂƌ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�ǁŝƚŚ�ƉůĂƐŵĂ-ĚĞƌŝǀĞĚ�
�sƐ�ĨƌŽŵ�ϭϬ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ�ĂŶĚ�ĐŽŶƚƌŽů�ƐĂŵƉůĞƐ�ĞĂĐŚ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞ�ĂĐƟŽŶ�ƉŽƚĞŶƟĂů�ĚƵƌĂƟŽŶ�ƵƐŝŶŐ�
ŽƉƟĐĂů�ǀŽůƚĂŐĞ�ŵĂƉƉŝŶŐ͘�dŚĞƐĞ�ƉůĂƐŵĂ-ĚĞƌŝǀĞĚ��sƐ�ǁĞƌĞ�ƐĞƋƵĞŶĐĞĚ�ƚŽ�ŝĚĞŶƟĨǇ�ƚŚĞŝƌ�ƐŵĂůů�ZE��ĐĂƌŐŽ�ĂŶĚ�ƚŚĞŶ�
ĚĞĐŽŶǀŽůƵƚĞĚ�ƚŽ�ĞǆĂŵŝŶĞ�ƚŚĞŝƌ�ƟƐƐƵĞ�ŽĨ�ŽƌŝŐŝŶ͘�tĞ�ĂůƐŽ�ƐĞƋƵĞŶĐĞĚ�ƚŚĞ�ůŽŶŐ-ZE��ƚƌĂŶƐĐƌŝƉƚŽŵĞ�ŽĨ�ƚŚĞ�ƌĞĐŝƉŝĞŶƚ�
ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ƉĂƚŚǁĂǇƐ�ŝŶǀŽůǀĞĚ�ŝŶ�ĞůĞĐƚƌŝĐĂů�ƌĞŵŽĚĞůŝŶŐ͘�&ƵƌƚŚĞƌ͕ �ǁĞ�ǀĂůŝĚĂƚĞĚ�ƚŚĞ�ŵZE��ƚĂƌŐĞƚƐ�
ŽĨ ƚŚĞ��s-ŵŝZE��ĐĂƌŐŽ�ŝŶ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�ĂŶŽƚŚĞƌ�ϭϬ�ƐĂŵƉůĞƐ�ŽĨ�ĐŽŶƚƌŽů�ĂŶĚ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ��sƐ�ƵƐŝŶŐ�ƋZd-
W�Z͘� 

ZĞƐƵůƚƐ͗�dŚĞ�ĂĐƟŽŶ�ƉŽƚĞŶƟĂů�ĚƵƌĂƟŽŶ�ŝŶ�,&-ƚƌĞĂƚĞĚ�ŚW^��ĚĞƌŝǀĞĚ�ǀĞŶƚƌŝĐƵůĂƌ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�ǁĂƐ�ƐŝŐŶŝĮĐĂŶƚůǇ�
ƉƌŽůŽŶŐĞĚ�ďǇ�ϵϰ͘ϰϭ  16.13 ŵƐĞĐ�ĂƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ƚŚĞ�ĐŽŶƚƌŽů-ƚƌĞĂƚĞĚ͘�tĞ�ŝĚĞŶƟĮĞĚ�Ϯϲ�ĚŽǁŶƌĞŐƵůĂƚĞĚ�ĂŶĚ�ϳϬ�
ƵƉƌĞŐƵůĂƚĞĚ�ŵŝZE�Ɛ�ĂŵŽŶŐ�ƚŚĞ�ĚŝīĞƌĞŶƟĂůůǇ�ĞǆƉƌĞƐƐĞĚ�ĐŝƌĐƵůĂƟŶŐ�ƐŵĂůů�ZE��ƚƌĂŶƐĐƌŝƉƚƐ�ďĞƚǁĞĞŶ�,&�ĂŶĚ�ĐŽŶƚƌŽů�
;&�ZфϭйͿ͘�DĂŶǇ�ŽĨ�ƚŚĞƐĞ�ƉůĂƐŵĂ�ŵŝZE��ƚƌĂŶƐĐƌŝƉƚƐ�ǁĞƌĞ�ĨŽƵŶĚ�ƚŽ�ďĞ�ĞŶƌŝĐŚĞĚ�ŝŶ�ƚŚĞ�ďƌĂŝŶ͕�Z��Ɛ͕�ŵŽŶŽĐǇƚĞƐ͕�ĂĚƌĞŶĂů�
ŐůĂŶĚƐ�ĂŶĚ�ŽƚŚĞƌ�ƟƐƐƵĞƐ͘�tĞ�ƉƌŝŽƌŝƟǌĞĚ�ϯϯ�ƚĂƌŐĞƚƐ�ĨŽƌ�ǀĂůŝĚĂƟŽŶ�ďĂƐĞĚ�ŽŶ�ƉƌĞĚŝĐƚĞĚ�ƉƌŽƚĞŝŶ-ĐŽĚŝŶŐ�ƚĂƌŐĞƚƐ�ŽĨ�ŵŝZE��
;ĨƌŽŵ��/�E��ĂŶĚ�ŵŝƌtĂůŬͿ͕�ĂŶĚ�ϭϬ�ŽĨ�ƚŚĞƐĞ�ŵZE�Ɛ�ǁĞƌĞ�ĚŝīĞƌĞŶƚ�ďĞƚǁĞĞŶ�,&�ĂŶĚ�ĐŽŶƚƌŽů��s-tƌĞĂƚĞĚ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͘�
/ŶƚĞƌĞƐƟŶŐůǇ͕ �ƐŽŵĞ�ŽĨ�ƚŚĞƐĞ�ŵZE�Ɛ�;�/&ϰ�͕�E���ϰ͕�/�ϯ͕�/�ϭ͕���<Eϭ�͕�,^W�ϭ͕�Z�>ϭ͕�^�ZW/E�ϭ͕�EZ�^Ϳ�ĂƌĞ�ŬŶŽǁŶ�ƚŽ�ďĞ�
ĞǆƉƌĞƐƐĞĚ�ĚƵƌŝŶŐ�ĚĞǀĞůŽƉŵĞŶƚ͘�&ƵƌƚŚĞƌ͕ �ƉĂƚŚǁĂǇ�ĞŶƌŝĐŚŵĞŶƚ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ǀĂůŝĚĂƚĞĚ�ƚĂƌŐĞƚƐ�ĂƐ�ǁĞůů�ĂƐ�ƚŚĞ�ƚŽƉŵŽƐƚ�
ƌĞŐƵůĂƚĞĚ�ŵŝZE�Ɛ�ĐŽŶǀĞƌŐĞĚ�ŝŶ�ƚŚĞ�d'&�ďĞƚĂ�ƐŝŐŶĂůŝŶŐ�ƉĂƚŚǁĂǇ�ĂŶĚ�,ŝƉƉŽ�ƉĂƚŚǁĂǇ͕�ǁŚŝĐŚ�ŚĂƐ�ďĞĞŶ�ŝŵƉůŝĐĂƚĞĚ�ŝŶ�ĐĂƌĚŝĂĐ�
ĚĞǀĞůŽƉŵĞŶƚĂů�ĂƌƌŚǇƚŚŵŽŐĞŶŝĐ�ĂďŶŽƌŵĂůŝƟĞƐ͘��

�ŽŶĐůƵƐŝŽŶƐ͗��ŝƌĐƵůĂƚŝŶŐ��s�ƐŵĂůů�ZE��ĐĂƌŐŽ�ŽĨ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ�ƉĂƚŝĞŶƚƐ�ĐĂŶ�ĂůƚĞƌ�ƚŚĞ�ĞůĞĐƚƌŽƉŚǇƐŝŽůŽŐŝĐĂů�ƉƌŽƉĞƌƚŝĞƐ�ŽĨ�
ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͘���ůĂƌŐĞ�ŶƵŵďĞƌ�ŽĨ�ƚŚĞƐĞ��sͲŵŝĐƌŽZE�Ɛ�ŝŶ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ�ƉĂƚŝĞŶƚƐ�ĂƌĞ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�ǀĂƌŝŽƵƐ�ƚŝƐƐƵĞƐ͕�
ƉƌĞĚŽŵŝŶĂŶƚůǇ�ƚŚĞ�ďƌĂŝŶ͘�DŽƌĞ�ŝŵƉŽƌƚĂŶƚůǇ͕�ƚŚĞ�ĂƌƌŚǇƚŚŵŝĐ�ƉŚĞŶŽƚǇƉĞ�ŝƐ�ƚƌŝŐŐĞƌĞĚ�ǁŚĞŶ�ƚŚĞƌĞ�ŝƐ�Ă�ƌĞĐĂƉŝƚƵůĂƚŝŽŶ�ŽĨ�
ĚĞǀĞůŽƉŵĞŶƚĂů�ŐĞŶĞƐ�ŝŶĚƵĐĞĚ�ďǇ�ƚŚĞ��sͲĚĞƌŝǀĞĚ�ŵŝZE�Ɛ͘�tŚŝůĞ�ƚŚĞƐĞ�ŵŝZE�Ɛ�ĐŽƵůĚ�ďĞ�ŝĚĞŶƚŝĨŝĞĚ�ĂƐ�ƉƵƚĂƚŝǀĞ�ďŝŽŵĂƌŬĞƌƐ�
ĨŽƌ�^��͕�ƚĂƌŐĞƚŝŶŐ�ƚŚĞƐĞ�ĚĞǀĞůŽƉŵĞŶƚĂů�ŐĞŶĞƐ�ŵĂǇ�ďĞ�Ă�ĨƌƵŝƚĨƵů�ƚŚĞƌĂƉĞƵƚŝĐ�ĂƉƉƌŽĂĐŚ�ƚŽ�ƌĞƐĐƵĞ�ĞůĞĐƚƌŝĐĂů�ƌĞŵŽĚĞůŝŶŐ�ŝŶ�,&�
ƉĂƚŝĞŶƚƐ͘



Abstract # 26 

dŝũĂŶĂ :ŽǀĂŶŽǀŝĐ-dĂůŝƐŵĂŶ 
�ĞĐŬŵĂŶ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕��ŝƚǇ�ŽĨ�,ŽƉĞ 

/ŶƚĞŐƌĂƚĞĚ�ĐŽŵƉƵƚĂƟŽŶĂů͕�͚ŽŵŝĐƐ͕͛ �ĂŶĚ�ŝŵĂŐŝŶŐ�ĂƉƉƌŽĂĐŚĞƐ�ƚŽ�ŚŝŐŚ�ƌĞƐŽůƵƟŽŶ�
ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ƟƐƐƵĞ-ƐƉĞĐŝĮĐ��sƐ 
DŝĐŚĂŝů�^ƉĂŶŽƐϭ͕��ĞƐƐŝĞ�DĞĞĐŚŽŽǀĞƚϮ͕��ŶĚƌĂƐ�^ĂŌŝĐƐϯ͕��ŵĞůŝ��ŚĂƩĞƌũĞĞϭ͕�EĂƚĂĐŚĂ��ĂƌŶĞůϭ͕�WƌŝǇĂŶŬĂ�'ŽŬƵůŶĂƚŚϭ͕�
'ƵŽƉŝŶŐ�>ŝϭ͕�^ĂƌĂŚ��ďƵĞůƌĞŝĐŚϯ͕�/ŵĂ�'ŚĂĞůŝϯ͕��ŽƌŽƚŚǇ�WĂůŽŵĂƌĞƐϮ͕�&ƌĂŶĐĞƐĐĂ�'ĂůĂƐƐŽϮ͕��ůŝǌĂďĞƚŚ�,ƵƚĐŚŝŶƐϮ͕�WĂƚƌŝĐŬ�
WŝƌƌŽƩĞϰ͕�<ĞŶĚĂůů�sĂŶ�<ĞƵƌĞŶ-:ĞŶƐĞŶϮ͕�dŝũĂŶĂ�:ŽǀĂŶŽǀŝĐ-dĂůŝƐŵĂŶϯ͕�^ĂƵŵǇĂ��ĂƐϭ 
ϭ͘ �ĂƌĚŝŽůŽŐǇ��ŝǀŝƐŝŽŶ�ĂŶĚ��ŽƌƌŝŐĂŶ�DŝŶĞŚĂŶ�,ĞĂƌƚ��ĞŶƚĞƌ͕ �DĂƐƐĂĐŚƵƐĞƩƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů͕�,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů͕
�ŽƐƚŽŶ͕�D�͕�h^�
Ϯ͘ EĞƵƌŽŐĞŶŽŵŝĐƐ��ŝǀŝƐŝŽŶ͕�dƌĂŶƐůĂƟŽŶĂů�'ĞŶŽŵŝĐƐ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�WŚŽĞŶŝǆ͕���͕�h^�
3. Department oĨ��ĂŶĐĞƌ��ŝŽůŽŐǇ�ĂŶĚ�DŽůĞĐƵůĂƌ�DĞĚŝĐŝŶĞ͕��ĞĐŬŵĂŶ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕��ŝƚǇ�ŽĨ�,ŽƉĞ��ŽŵƉƌĞŚĞŶƐŝǀĞ
Cancer Center, Duarte, CA, USA
ϰ͘ �ŽůůĂďŽƌĂƟǀĞ��ĞŶƚĞƌ�ĨŽƌ�dƌĂŶƐůĂƟŽŶĂů�DĂƐƐ�^ƉĞĐƚƌŽŵĞƚƌǇ͕ �dƌĂŶƐůĂƟŽŶĂů�'ĞŶŽŵŝĐƐ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�WŚŽĞŶŝǆ͕���

�ĂĐŬŐƌŽƵŶĚ͗��ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ĂƌĞ�ƌĞůĞĂƐĞĚ�ĨƌŽŵ�ĞǀĞƌǇ�ŬŶŽǁŶ�ĐĞůů�ƚǇƉĞ�ŝŶ�ƚŚĞ�ŚƵŵĂŶ�ďŽĚǇ�ĂŶĚ�ĐŽŶƚĂŝŶ�Ă�ǀĂƌŝĞƚǇ�
ŽĨ�ĐĂƌŐŽĞƐ͕�ŝŶĐůƵĚŝŶŐ�ZE�Ɛ�ĂŶĚ�ƉƌŽƚĞŝŶƐ͕�ƚŚĂƚ�ĂƌĞ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�ƚŚĞŝƌ�ƐŽƵƌĐĞ�ĐĞůů͘�dŚĞ�ĐŽŶƚĞŶƚ�ŽĨ��sƐ�ĐĂŶ�ĐŚĂŶŐĞ�ǁŝƚŚ�
ĐĞůůƵůĂƌ�ƐƚƌĞƐƐ͖�ƚŚĞƌĞĨŽƌĞ�ǁĞ�ŚǇƉŽƚŚĞƐŝǌĞĚ�ƚŚĂƚ�ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞ��s�ƚƌĂŶƐĐƌŝƉƚŽŵĞ�ŝŶ�ĚŝƐĞĂƐĞƐ�ŵĂǇ�ĂĐĐƵƌĂƚĞůǇ�ƌĞŇĞĐƚ�ƚŚĞ�
͚ƐƚĂƚĞ͛�ŽĨ�ƚŚĞ�ĐĞůů�Žƌ�ƟƐƐƵĞ�ŽĨ�ŽƌŝŐŝŶ͕�ƉƌŽǀŝĚŝŶŐ�ĂŶ�ĂĐĐƵƌĂƚĞ�ŚŝŐŚůǇ�ƉƌĞĐŝƐĞ�ďŝŽŵĂƌŬĞƌ�ƌĞŇĞĐƟŶŐ�ĚŝƐĞĂƐĞ�ƚƌĂũĞĐƚŽƌǇ͘�
,ŽǁĞǀĞƌ͕ �ƚŽ�ĚĂƚĞ͕�ƚŽŽůƐ�ĂŶĚ�ƌĞĂŐĞŶƚƐ�ƚŽ�ŝĚĞŶƟĨǇ ƟƐƐƵĞ�;Žƌ�ĐĞůůͿ�ƐƉĞĐŝĮĐ��sƐ�ŚĂǀĞ�ďĞĞŶ�ůĂĐŬŝŶŐ͘�,ĞƌĞ�ǁĞ�ĚĞƐĐƌŝďĞ�ŽƵƌ�
ŝŶƚĞŐƌĂƚĞĚ�ŵĞƚŚŽĚŽůŽŐǇ�ƚŽ�ŝĚĞŶƟĨǇ�ƐƉĞĐŝĮĐ�ŵĂƌŬĞƌƐ�ĨƌŽŵ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͕�ďƌĂŝŶ�;ŶĞƵƌŽŶĂů�ĂŶĚ�ŐůŝĂůͿ͕�ĂŶĚ�ŝŵŵƵŶĞ�
;ŵĂĐƌŽƉŚĂŐĞͿ�ĐĞůůƐ�ƚŚĂƚ�ĂůůŽǁ�ĨŽƌ�ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ĐĞůů-ƐƉĞĐŝĮĐ�ƚƌĂŶƐĐƌŝƉƚƐ�ŝŶ�ƚŚĞ�ƉůĂƐŵĂ͘ 

DĞƚŚŽĚƐ͗�hƐŝŶŐ�Ă�ĐŽŵƉƵƚĂƟŽŶĂů�ĂƉƉƌŽĂĐŚ�ĐŽŵďŝŶĞĚ�ǁŝƚŚ�ďŽƩŽŵ�ƵƉ�ƉƌŽƚĞŽŵŝĐƐ͕�ǁĞ�ŝĚĞŶƟĮĞĚ�ƉƵƚĂƟǀĞ�ŵĞŵďƌĂŶĞ�
ƉƌŽƚĞŝŶƐ�ǁŝƚŚ�ƐƉĞĐŝĮĐ�Žƌ�ŚŝŐŚůǇ�ĞŶƌŝĐŚĞĚ�ĞǆƉƌĞƐƐŝŽŶ�ŝŶ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͕�ŶĞƵƌŽŶƐ͕�ŐůŝĂů�ĐĞůůƐ͕�ĂŶĚ�ŵĂĐƌŽƉŚĂŐĞƐ͘�dŝƐƐƵĞ-
ƐƉĞĐŝĮĐŝƚǇ�ĂŶĚ�ƉƌĞƐĞŶĐĞ�ŽŶ��sƐ�ǁĂƐ�ǀĂůŝĚĂƚĞĚ�ǁŝƚŚ�ǁĞƐƚĞƌŶ�ďůŽƫŶŐ�ĂŶĚ�ĚŽƚ�ďůŽƫŶŐ͘�YƵĂŶƟƚĂƟǀĞ�ƐŝŶŐůĞ�ŵŽůĞĐƵůĞ�
ůŽĐĂůŝǌĂƟŽŶ�ŵŝĐƌŽƐĐŽƉǇ�;Ƌ^D>DͿ�ǁĂƐ�ĂĚǀĂŶĐĞĚ�ƚŽ�ĐŽŶĮƌŵ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ƚŚĞƐĞ�ŵĂƌŬĞƌƐ�ŽŶ�ŝŶĚŝǀŝĚƵĂů��sƐ͕�ĂŶĚ�ǁĞ�ŚĂǀĞ�
ďĞŐƵŶ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ĨŽƌ�ƐŽŵĞ�ŽĨ ƚŚĞ�ŵĂƌŬĞƌƐ͘�dŚĞ��ǆŽDĂƉ�ŵŽƵƐĞ�ŵŽĚĞů�ĨŽƌ�ƟƐƐƵĞ-ƐƉĞĐŝĮĐ��s�ƌĞƉŽƌƟŶŐ�ǁĂƐ�
ƐĞĐŽŶĚĂƌŝůǇ�ƵƐĞĚ�ƚŽ�ĐŽŶĮƌŵ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ƚŚĞƐĞ�ŵĂƌŬĞƌƐ�ŽŶ��sƐ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�ƐƉĞĐŝĮĐ�ŽƌŐĂŶƐ�ŽĨ�ŝŶƚĞƌĞƐƚ�ŝŶ�ƚŚĞ�ƉůĂƐŵĂ�
;Žƌ��^&Ϳ͘�&ŝŶĂůůǇ͕ �ŝŵŵƵŶĞ-ƉƵůůĚŽǁŶ�ǁĂƐ�ŽƉƟŵŝǌĞĚ�ƚŽ�ĂůůŽǁ�ĨŽƌ�ŝƐŽůĂƟŽŶ�ŽĨ�ƟƐƐƵĞ�ƐƉĞĐŝĮĐ��sƐ�ŝŶ�ŚƵŵĂŶ�ƉůĂƐŵĂ�ĨŽƌ�
ĚŽǁŶƐƚƌĞĂŵ�ZE�ƐĞƋ͘ 

ZĞƐƵůƚƐ͗�tĞ�ŝĚĞŶƟĮĞĚ�Ϯ�ƉƌŽŵŝƐŝŶŐ�ŵĂƌŬĞƌƐ�ĨŽƌ�ĐĂƌĚŝŽŵǇŽĐǇƚĞ-ĚĞƌŝǀĞĚ��sƐ�;WKW��Ϯ�ĂŶĚ��,ZE�Ϳ�ƚŚĂƚ�ǁĞƌĞ�ƐƉĞĐŝĮĐ�ĨŽƌ�;Žƌ�
ŚŝŐŚůǇ�ĞŶƌŝĐŚĞĚ�ŽŶͿ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�ĂŶĚ�ƚŚĞŝƌ�ƐĞĐƌĞƚĞĚ��sƐ͘�EŽƚĂďůǇ͕ ��ǆŽDĂƉ-D,�-�ƌĞ�ŵŝĐĞ�ǁĞƌĞ�ƵƐĞĚ�ƚŽ�ŝƐŽůĂƚĞ�ĐĂƌĚŝĂĐ-
ƐƉĞĐŝĮĐ��sƐ͕�ǁŚŝĐŚ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ƚŚĞƐĞ�ŵĂƌŬĞƌƐ�ŝŶ�ďŽƚŚ�ŚĞĂƌƚ�ƟƐƐƵĞ�ĂŶĚ�ƉůĂƐŵĂ��sƐ͘�Ƌ^D>D�
ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĂƚ�ŚĞĂƌƚ-ĞŶƌŝĐŚ��sƐ�ĨƌŽŵ��ǆŽDĂƉ-D,�-�ƌĞ�ŵŝĐĞ�ĂƌĞ�ůĂƌŐĞƌ�ŝŶ�ƐŝǌĞ͕�ŝŶ�ůŝŶĞ�ǁŝƚŚ�ŽƵƌ�ŽďƐĞƌǀĂƟŽŶ�ĨŽƌ�
ĐĂƌĚŝĂĐ-ĚĞƌŝǀĞĚ��sƐ�ĨƌŽŵ�ƉůĂƐŵĂ͘��/ŵŵƵŶŽ-ƉƵůůĚŽǁŶ�ŽĨ�ĐĂƌĚŝĂĐ��sƐ�ĨƌŽŵ�ƚŚĞ�ƉůĂƐŵĂ�ŽĨ�ŚĞĂůƚŚǇ�ƉĂƟĞŶƚƐ�ƐŚŽǁĞĚ�
ĞŶƌŝĐŚŵĞŶƚ�ŽĨ�ĐĂƌĚŝĂĐ�ƚƌĂŶƐĐƌŝƉƚƐ͘�EŽƚĂďůǇ͕ �ĐĂƌĚŝĂĐ��sƐ�ǁĞƌĞ�ĞŶƌŝĐŚĞĚ�ŝŶ�ZE��ƚƌĂŶƐĐƌŝƉƚƐ�ƚŚĂƚ�ĚŝīĞƌĞŶƟĂƚĞĚ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ�
from contrŽůƐ͘�^ŝŵŝůĂƌůǇ͕ �ǁĞ�ĂůƐŽ�ŝĚĞŶƟĮĞĚ���ϲϴ�ĂŶĚ���ϭϲϵ�ĂƐ�ŵĂƌŬĞƌƐ�ĨŽƌ�ŵĂĐƌŽƉŚĂŐĞ�ƐƉĞĐŝĮĐ��sƐ͘�hƐŝŶŐ�Ă�ƐŝŵŝůĂƌ�
ƉĂƌĂůůĞů�ƐƚƌĂƚĞŐǇ͕ �ǁĞ�ǀĂůŝĚĂƚĞĚ�ƚŚĞŝƌ�ƉƌĞƐĞŶĐĞ�ŽŶ�ŵĂĐƌŽƉŚĂŐĞ��sƐ�ƚŚĂƚ�ĐŽƵůĚ�ďĞ�ŝŵŵƵŶĞ-ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ƚŚĞ�ƉůĂƐŵĂ͘�
&ŝŶĂůůǇ͕ �ǁĞ�ǁĞƌĞ�ĂďůĞ�ƚŽ�ŝĚĞŶƟĨǇ�DK'�ĂŶĚ�'>�^d�ĂƐ�ŵĂƌŬĞƌƐ�ĨŽƌ�ŽůŝŐŽĚĞŶĚƌŽĐǇƚĞƐ�ĂŶĚ�ĂƐƚƌŽĐǇƚĞƐ�ƌĞƐƉĞĐƟǀĞůǇ͘ �tĞ�ŚĂǀĞ�
ŽƉƟŵŝǌĞĚ�ƉƵůůĚŽǁŶƐ�ŽĨ��sƐ�ĐŽŶƚĂŝŶŝŶŐ�ƚŚĞƐĞ�ŵĂƌŬĞƌƐ͕�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�DK'-ĞŶƌŝĐŚĞĚ��sƐ�ǁŝƚŚ�Ƌ^D>D͕�ĂŶĚ�ĚĞŵŽŶƐƚƌĂƚĞĚ�
ĞŶƌŝĐŚŵĞŶƚ�ŽĨ�ƚƌĂŶƐĐƌŝƉƚƐ�ĨƌŽŵ�ƚŚĞƐĞ�ĐĞůů�ƚǇƉĞƐ͘ 

�ŽŶĐůƵƐŝŽŶƐ͗�KƵƌ�ŝŶƚĞŐƌĂƚĞĚ�ŵĞƚŚŽĚŽůŽŐǇ�ƵƐŝŶŐ�ĐŽŵƉƵƚĂƟŽŶĂů͕�ŽŵŝĐƐ͕�ĂŶĚ�ŝŵĂŐŝŶŐ�ĂƉƉƌŽĂĐŚĞƐ͕�ǁĂƐ�ƐƵĐĐĞƐƐĨƵůůǇ�ĂďůĞ�ƚŽ�
ŝĚĞŶƟĨǇ�ƟƐƐƵĞ-ĞŶƌŝĐŚĞĚ��sƐ͘�KƉƟŵŝǌĂƟŽŶ�ŽĨ�ŽƵƌ�ŵĞƚŚŽĚƐ�ŚĂƐ�ůĞĚ�ƚŽ�ĞĸĐŝĞŶƚ�ŝƐŽůĂƟŽŶ�ŽĨ�ƚŚĞƐĞ��sƐ�ĨƌŽŵ�ĐŽŵƉůĞǆ�
ďŝŽŇƵŝĚƐ͘�tĞ�ĂƌĞ�ĐƵƌƌĞŶƚůǇ�ĂƐƐĞƐƐŝŶŐ�ƚŚĞ�ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞ�ZE��ĐĂƌŐŽ�ŝŶ�ƟƐƐƵĞ-ƐƉĞĐŝĮĐ�ĚŝƐĞĂƐĞƐ�ŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�ŽĨ�ƐĞǀĞƌĂů�
ĐĂƌĚŝŽǀĂƐĐƵůĂƌ͕ �ŝŵŵƵŶĞ-ƌĞůĂƚĞĚ͕�ĂŶĚ�ŶĞƵƌŽůŽŐŝĐĂů�ĚŝƐĞĂƐĞƐ͘ 
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�ĞƐŵŽŶĚ Brown 
^E�ͬE/E�^ͬE/, 

WƌŝŵĂƌǇ��ŝůŝĂ͗��ǆƉůŽŝƚĂďůĞ�'ůŝŽďůĂƐƚŽŵĂ�^ŝŐŶĂůŝng Hubs 
Dŝ-zĞŽŶ�:ƵŶŐ͕�WŚ�ϭ͖�:ŽƐŚƵĂ�tĞůƐŚ͕�WŚ�Ϯ͖�:ŽƐŝĞ�dƌŝĐŚŬĂ͕��^Ϯ͖�^ƚĂŶůĞǇ��ĚŽƌŽ͕�WŚ�͕Ϯ͖�:ĞŶŶŝĨĞƌ��͘�:ŽŶĞƐ͕�D�͕�WŚ�Ϯ͖�
�ĞƐŵŽŶĚ��͘��ƌŽǁŶ͕�D�͕�WŚ�ϭ 
ϭ͘ EĞƵƌŽƐƵƌŐŝĐĂů�KŶĐŽůŽŐǇ�hŶŝƚ͕�^ƵƌŐŝĐĂů�EĞƵƌŽůŽŐǇ��ƌĂŶĐŚ͕�EĂƟŽŶĂů�/ŶƐƟƚƵƚĞƐ�ŽĨ�EĞƵƌŽůŽŐŝĐĂů��ŝƐŽƌĚĞƌƐ�ĂŶĚ�^ƚƌŽŬĞ͕�E/,
Ϯ͘ �ĞŶƚĞƌ�ĨŽƌ��ĂŶĐĞƌ�ZĞƐĞĂƌĐŚ͕�EĂƟŽŶĂů��ĂŶĐĞƌ�/ŶƐƟƚƵƚĞ͕�E/,

'ůŝŽďůĂƐƚŽŵĂ�;'�DͿ�ŝƐ�ƚŚĞ�ŵŽƐƚ�ĐŽŵŵŽŶ�ƉƌŝŵĂƌǇ�ŵĂůŝŐŶĂŶƚ�ďƌĂŝŶ�ƚƵŵŽƌ͘ �/ƚ�ŝƐ�ƵŶŝĨŽƌŵůǇ�ĨĂƚĂů�ǁŝƚŚ�Ă�ŵĞĚŝĂŶ�ŽǀĞƌĂůů�
ƐƵƌǀŝǀĂů�ŽĨ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϭϱ�ŵŽŶƚŚƐ�ĂŶĚ�ϱ-year survivĂů�ŽĨ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϲ-ϴй͘�tŚŝůĞ�ŝŵŵƵŶŽƚŚĞƌĂƉǇ�ŚĂƐ�
ƌĞǀŽůƵƟŽŶŝǌĞĚ�ĐĂŶĐĞƌ�ƚŚĞƌĂƉǇ͕ �'�D-ŵĞĚŝĂƚĞĚ�ŝŵŵƵŶŽƐƵƉƉƌĞƐƐŝŽŶ�ůŝŵŝƚƐ�ƵƟůŝƚǇ�ŝŶ�'�D͘�W�->ϭ�ŽŶ�ƚŚĞ�ƐƵƌĨĂĐĞ�ŽĨ�'�D-
ĚĞƌŝǀĞĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ĂƌĞ�ŝŵƉůŝĐĂƚĞĚ�ŝŶ�ŝŵŵƵŶŽƐƵƉƉƌĞƐƐŝŽŶ�ƚŚƌŽƵŐŚ�ƚŚĞ�ŝŶĚƵĐƟŽŶ�ŽĨ�ŵǇĞůŽŝĚ-ĚĞƌŝǀĞĚ�
ƐƵƉƉƌĞƐƐŽƌ�ĐĞůůƐ�;D�^�ƐͿ͘�� 

WƌŝŵĂƌǇ�ĐŝůŝĂ�ĂƌĞ�ŵŝĐƌŽƚƵďƵůĞ-ďĂƐĞĚ�ŽƌŐĂŶĞůůĞƐ�ƚŚĂƚ�ƉƌŽũĞĐƚ�ĨƌŽŵ�ƚŚĞ�ĐĞůů�ƐƵƌĨĂĐĞ�ŝŶ�Ă�ĚǇŶĂŵŝĐ�ĨĂƐŚŝŽŶ�ĂŶĚ�ƌĞĐĞŝǀĞ�ĂŶĚ�
ƉƌŽĐĞƐƐ�ŵŽůĞĐƵůĂƌ�ĂŶĚ�ŵĞĐŚĂŶŝĐĂů�ƐŝŐŶĂůŝŶŐ�ĐƵĞƐ͘�dŚĞǇ�ĂƌĞ�ƵďŝƋƵŝƚŽƵƐ�ŚĂǀŝŶŐ�ďĞĞŶ�ĨŽƵŶĚ�ŽŶ�ĞƐƐĞŶƟĂůůǇ�Ăůů�ŚƵŵĂŶ�ĐĞůů�
ƚǇƉĞƐ͘�tĞ�ƐŚŽǁ�ƚŚĂƚ�'�D-ŵĞĚŝĂƚĞĚ�ŝŵŵƵŶŽƐƵƉƉƌĞƐƐŝŽŶ– ĚĞĮŶĞĚ�ĂƐ�D�^��ŝŶĚƵĐƟŽŶ�ĨŽůůŽǁŝŶŐ�ĞǆƉŽƐƵƌĞ�ŽĨ�ŶŽƌŵĂů�
ĚŽŶŽƌ�ŵŽŶŽĐǇƚĞƐ�ƚŽ�'�D-ĚĞƌŝǀĞĚ��sƐ–ƌĞƋƵŝƌĞƐ�ĨƵŶĐƟŽŶĂů�ŐůŝŽďůĂƐƚŽŵĂ�ĐĞůů�ƉƌŝŵĂƌǇ�ĐŝůŝĂ�ŝŶ�ǀŝƚƌŽ͘�/ŵƉŽƌƚĂŶƚůǇ͕ �ƉƌŝŵĂƌǇ�
ciůŝĂ�ĚŽ�ŶŽƚ�ĂƉƉĞĂƌ�ƚŽ�ƐŝŐŶŝĮĐĂŶƚůǇ�ĂůƚĞƌ��s�ƌĞůĞĂƐĞ�Žƌ�ŽƚŚĞƌ�ďŝŽƉŚǇƐŝĐĂů�ƉƌŽƉĞƌƟĞƐ�ĂŶĚ�ŽƵƌ�ĚĂƚĂ�ƐƵŐŐĞƐƚƐ�ƚŚĂƚ�ƚŚĞ�
ƉƌĞƐĞŶĐĞ�ŽĨ�ƉƌŝŵĂƌǇ�ĐŝůŝĂ�ĂůƚĞƌƐ�ĐŽŶƚĞŶƚ�ŽĨ�ƚŚĞ��sƐ�ƚŽ�ŵŽĚƵůĂƚĞ�ƚŚĞŝƌ�ĞīĞĐƚ�ŽŶ�ŝŵŵƵŶŽƐƵƉƉƌĞƐƐŝŽŶ͘�dŚĞƐĞ�ĮŶĚŝŶŐƐ�ĂƌĞ�
ŶŽǀĞů�ĂŶĚ�ŚĂǀĞ�ŝŵƉůŝĐĂƟŽŶ�ĨŽƌ�ƉŽƚĞŶƟĂůůǇ�ŵŝƟŐĂƟŶŐ��s-ŵĞĚŝĂƚĞĚ�ŝŵŵƵŶŽƐƵƉƉƌĞƐƐŝŽŶ�ŝŶ�'�D�ĂŶĚ�ŽƚŚĞƌ�ĐĂŶĐĞƌƐ͘� 



Abstract # 28 

�ĞŶŶŝƐ Jeppesen 
sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ 

hďŝƋƵŝƟŶĂƟŽŶ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ƉƌŽƚĞŝŶƐ�ŝƐ�ƐƉĞĐŝĮĐ�ĨŽƌ�ƚĞƚƌĂƐƉĂŶŝŶ-enricŚĞĚ�ƐŵĂůů�
ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ 
�ĞŶŶŝƐ�<͘�:ĞƉƉĞƐĞŶ͕�YŝŶ��ŚĂŶŐ͕�:ĂŵĞƐ�E͘�,ŝŐŐŝŶďŽƚŚĂŵ͕�ZŽďĞƌƚ�:͘��ŽīĞǇ 
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĚŝĐŝŶĞ͕�sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �EĂƐŚǀŝůůĞ͕�dE͕�h^� 

�ĂĐŬŐƌŽƵŶĚ͗��ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ĂƌĞ�Ă�ŚĞƚĞƌŽŐĞŶĞŽƵƐ�ŐƌŽƵƉ�ŽĨ�ůŝƉŝĚ�ďŝůĂǇĞƌ�ŵĞŵďƌĂŶĞ�ǀĞƐŝĐůĞƐ�ƌĞůĞĂƐĞĚ�ďǇ�ĐĞůůƐ�ƚŽ�
ƚŚĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�ƐƉĂĐĞ͘�dŚĞǇ�ƌĂŶŐĞ�ŝŶ�ƐŝǌĞ�ĨƌŽŵ�ϱϬ-ϭϬ͕ϬϬϬ�Ŷŵ�ďƵƚ�ĂƌĞ�ŽŌĞŶ�ĐĂƚĞŐŽƌŝǌĞĚ�ĂƐ�ƐŵĂůů��sƐ�;Ɛ�sƐͿ�ĂŶĚ�ůĂƌŐĞ��sƐ�
;ů�sƐͿ�ďĂƐĞĚ�ŽŶ�ĚŝĂŵĞƚĞƌƐ�ƐŵĂůůĞƌ�Žƌ�ůĂƌŐĞƌ�ƚŚĂŶ�ϮϬϬ�Ŷŵ͕�ƌĞƐƉĞĐƟǀĞůǇ͘��ǆŽƐŽŵĞƐ�ĂƌĞ�Ă�ƚǇƉĞ�ŽĨ�Ɛ�s�ƚŚĂƚ�ĨŽƌŵ�ĂƐ�
ŝŶƚƌĂůƵŵŝŶĂů�ǀĞƐŝĐůĞƐ�;/>sƐͿ�ŝŶ�ŵƵůƟǀĞƐŝĐƵůĂƌ�ĞŶĚŽƐŽŵĞƐ�;Ds�ƐͿ�ĂŶĚ�ĂƌĞ�ŚŝŐŚůǇ�ĞŶƌŝĐŚĞĚ�ŝŶ�ƐƉĞĐŝĮĐ�ƚĞƚƌĂƐƉĂŶŝŶ�ƉƌŽƚĞŝŶƐ͕�
ŝŶĐůƵĚŝŶŐ���ϲϯ�ĂŶĚ���ϴϭ͘�/Ŷ�ĐŽŶƚƌĂƐƚ͕�ŵŝĐƌŽǀĞƐŝĐůĞƐ�ĂƌĞ�ŐĞŶĞƌĂƚĞĚ�ďǇ�ĚŝƌĞĐƚ�ŽƵƚǁĂƌĚ�ďƵĚĚŝŶŐ�ŽĨ�ƚŚĞ�ƉůĂƐŵĂ�ŵĞŵďƌĂŶĞ�
ĂŶĚ�ƐƉĂŶ�ƚŚĞ�Ɛ�s�ĂŶĚ�ů�s�ƐŝǌĞ�ƌĂŶŐĞƐ͘�EŽŶ-ǀĞƐŝĐƵůĂƌ�ĞǆƚƌĂĐĞůůƵůĂƌ�ŶĂŶŽƉĂƌƟĐůĞƐ�;Es�WƐͿ�ĂƌĞ�ĂŵĞŵďƌĂŶĞŽƵƐ�ƉĂƌƟĐůĞƐ�ƚŚĂƚ�
ŝŶĐůƵĚĞ�ƚŚĞ�ŶĞǁůǇ�ĚŝƐĐŽǀĞƌĞĚ�ĞǆŽŵĞƌĞƐ�ĂŶĚ�ƐƵƉĞƌŵĞƌĞƐ͕�ĂŶĚ�ƚŚĞǇ�ĂůƐŽ�ĂƉƉĞĂƌ�ƚŽ�ďĞ�ƌĞůĞĂƐĞĚ�ďǇ�ŵĂŶǇ�ĐĞůů�ƚǇƉĞƐ͘�dŚĞ�
post-ƚƌĂŶƐůĂƟŽŶĂů�ŵŽĚŝĮĐĂƟŽŶ�ŽĨ�ƉƌŽƚĞŝŶƐ�ďǇ�ƵďŝƋƵŝƟŶ�ƌĞŐƵůĂƚĞƐ�ŵĂŶǇ�ƉƌŽĐĞƐƐĞƐ�ŝŶ�ĞƵŬĂƌǇŽƟĐ�ĐĞůůƐ͘� 

�ŝŵƐ͕�DĞƚŚŽĚŽůŽŐǇ�ĂŶĚ�ZĞƐƵůƚƐ͗�tĞ�ŚĂǀĞ�ŝŶǀĞƐƟŐĂƚĞĚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ƵďŝƋƵŝƟŶ-ŵŽĚŝĮĞĚ�ƉƌŽƚĞŝŶƐ�ŝŶ�ƚŚĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�
ƐƉĂĐĞ�ĂŶĚ�ĮŶĚ�ƚŚĂƚ�ƚŚĞǇ�ĂƌĞ�ƐƉĞĐŝĮĐĂůůǇ�ĞŶƌŝĐŚĞĚ�ŝŶ�Ɛ�sƐ͘�^ƚƌŝŬŝŶŐůǇ͕ �ƚŚĞ�ĞŶƌŝĐŚŵĞŶƚ�ŽĨ�hď�ŝŶ�Ɛ�sƐ�ǁĂƐ�ĂƐ�ĚƌĂŵĂƟĐ�ĂƐ�ƚŚĞ�
ĞƐƚĂďůŝƐŚĞĚ�ĞǆŽƐŽŵĞ�ŵĂƌŬĞƌ�ƚĞƚƌĂƐƉĂŶŝŶ͕���ϲϯ͘�/Ŷ�ĐŽŶƚƌĂƐƚ͕�ƉƌŽƚĞŝŶƐ�ŝŶ�ŵŝĐƌŽǀĞƐŝĐůĞƐ�ĂŶĚ�ĞǆŽŵĞƌĞƐ�ĂƌĞ�ŶŽƚ�ĂƐƐŽĐŝĂƚĞĚ�
ǁŝƚŚ�ƵďŝƋƵŝƟŶ�ŵŽĚŝĮĐĂƟŽŶ͘�/ƐŽůĂƟŽŶ�ŽĨ�Ɛ�sƐ�ďǇ�ĚŝƌĞĐƚ�ŝŵŵƵŶŽĂĸŶŝƚǇ�ĐĂƉƚƵƌĞ�ŽĨ���ϲϯͬ��ϴϭͬ��ϵ-ĞŶƌŝĐŚĞĚ�ǀĞƐŝĐůĞƐ�
ŝŶĚŝĐĂƚĞĚ�ƚŚĂƚ�ƚĞƚƌĂƐƉĂŶŝŶ-ĞŶƌŝĐŚĞĚ�Ɛ�sƐ�ĂĐĐŽƵŶƚ�ĨŽƌ�ŵŽƐƚ�ŽĨ�ƚŚĞ�ƵďŝƋƵŝƟŶĂƚĞĚ�ƉƌŽƚĞŝŶƐ�ŝŶ�ƚŚĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�ƐƉĂĐĞ͘�
>ŝŬĞǁŝƐĞ͕���ϲϯͬ��ϴϭ�ĚŽƵďůĞ-ƉŽƐŝƟǀĞ�ĞǆŽƐŽŵĞƐ͕�ƐŽƌƚĞĚ�ďǇ�ŇƵŽƌĞƐĐĞŶĐĞ-ĂĐƟǀĂƚĞĚ�ǀĞƐŝĐůĞ ƐŽƌƟŶŐ�;&�s^Ϳ͕�ĂĐĐŽƵŶƚ�ĨŽƌ�ƚŚĞ�
ŵĂũŽƌŝƚǇ�ŽĨ�ƚŚĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�ƵďŝƋƵŝƟŶ�ƐŝŐŶĂů͘�EĞĚĚǇůĂƟŽŶ͕�ƉŽƐƚ-ƚƌĂŶƐůĂƟŽŶĂů�ŵŽĚŝĮĐĂƟŽŶ�ďǇ�E���ϴ͕�ŚĂƐ�ďĞĞŶ�ůŝŶŬĞĚ�ƚŽ�
ŶĞŐĂƟǀĞ�ƌĞŐƵůĂƟŽŶ�ŽĨ�ĞǆŽƐŽŵĞ�ƐĞĐƌĞƟŽŶ͕�ĂŶĚ͕�ŝŶ�ĐŽŶƚƌĂƐƚ�ƚŽ�ƵďŝƋƵŝƟŶĂƟŽŶ͕�ǁĞ�ĮŶĚ�ƚŚĂƚ�ƉŽƐƚ-transůĂƟŽŶĂů�ŵŽĚŝĮĐĂƟŽŶ�
ŽĨ�ƉƌŽƚĞŝŶƐ�ǁŝƚŚ�E���ϴ�ŝƐ�ŵŽƌĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĞǆŽŵĞƌĞƐ�ƚŚĂŶ�ǁŝƚŚ�Ɛ�sƐ͘ 

�ŽŶĐůƵƐŝŽŶ͗�DŽĚŝĮĐĂƟŽŶ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ƉƌŽƚĞŝŶƐ�ǁŝƚŚ�ƵďŝƋƵŝƟŶ�ŝƐ�ĞŶƌŝĐŚĞĚ�ĂŶĚ�ƐƉĞĐŝĮĐ�ĨŽƌ�ƚĞƚƌĂƐƉĂŶŝŶ-ĞŶƌŝĐŚĞĚ�Ɛ�sƐ�
ĂŶĚ�ŶŽƚ�ŽƚŚĞƌ�ƚǇƉĞƐ�ŽĨ��sƐ͘�/Ŷ�ĐŽŶƚƌĂƐƚ͕�ŶĞĚĚǇůĂƟŽŶ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ƉƌŽƚĞŝŶƐ�ŝƐ�Ă�ƉƌĞĚŽŵŝŶĂŶƚ�ĨĞĂƚƵƌĞ�ŽĨ�ĞǆŽŵĞƌĞƐ�ĂŶĚ�
ŶŽƚ�Ɛ�sƐ͘ 



Abstract # 29 

:ƵůŝĞ ^ĂƵŐƐƚĂĚ 
KƌĞŐŽŶ�,ĞĂůƚŚ�Θ�^ĐŝĞŶĐĞ�hŶŝǀĞƌƐŝƚǇ 

DŝZE�Ɛ�ĂƐ��ŝŽŵĂƌŬĞƌƐ�ĨŽƌ�ĂŶĚ�DĞĚŝĂƚŽƌƐ�ŽĨ��ůǌŚĞŝŵĞƌ͛Ɛ��ŝƐĞĂƐĞ 
hƌƐƵůĂ�^ĂŶĚĂƵϭ͕�dƌĞǀŽƌ�DĐ&ĂƌůĂŶĚϭ͕�:ĂĐŬ�tŝĞĚƌŝĐŬϮ͕�:ŽƐĞƉŚ�YƵŝŶŶϯ͕�:ƵůŝĞ�^ĂƵŐƐƚĂĚϭ 
ϭ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŶĞƐƚŚĞƐŝŽůŽŐǇ�Θ�WĞƌŝŽƉĞƌĂƟǀĞ�DĞĚŝĐŝŶĞ͕�KƌĞŐŽŶ�,ĞĂůƚŚ�Θ�^ĐŝĞŶĐĞ�hŶŝǀĞƌƐŝƚǇ͕ �WŽƌƚůĂŶĚ�KZ
Ϯ͘ �ŝŽƐƚĂƟƐƟĐƐ�Θ��ĞƐŝŐŶ�WƌŽŐƌĂŵ͕�KƌĞŐŽŶ�,ĞĂůƚŚ�Θ�^ĐŝĞŶĐĞ�hŶŝǀĞƌƐŝƚǇ͕ �WŽƌƚůĂŶĚ�KZ
ϯ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�EĞƵƌŽůŽŐǇ͕ �KƌĞŐŽŶ�,ĞĂůƚŚ�Θ�^ĐŝĞŶĐĞ�hŶŝǀĞƌƐŝƚǇ͖�WĂƌŬŝŶƐŽŶ��ĞŶƚĞƌ�ĂŶĚ�DŽǀĞŵĞŶƚ��ŝƐŽƌĚĞƌƐ�WƌŽŐƌĂŵ͖
WŽƌƚůĂŶĚ�s�D��WĂƌŬŝŶƐŽŶΖƐ��ŝƐĞĂƐĞ�ZĞƐĞĂƌĐŚ͕��ĚƵĐĂƟŽŶ͕�ĂŶĚ��ůŝŶŝĐĂů��ĞŶƚĞƌ͕ �WŽƌƚůĂŶĚ͕�KZ

�ĂĐŬŐƌŽƵŶĚ͗��ůǌŚĞŝŵĞƌ Ɛ͛�ĚŝƐĞĂƐĞ�;��Ϳ�ŝƐ�ƚŚĞ�ŵŽƐƚ�ĐŽŵŵŽŶ�ĐĂƵƐĞ�ŽĨ�ĚĞŵĞŶƟĂ͕�ĂŶĚ�ďƌĂŝŶ�ĐŚĂŶŐĞƐ�ŝŶ����ďĞŐŝŶ�ϭϬ-ϮϬ�
ǇĞĂƌƐ�ďĞĨŽƌĞ�ƐǇŵƉƚŽŵƐ�ĂƉƉĞĂƌ͘ ��ƵƌŝŶŐ��Z��ϭ͕�ǁĞ�ĚŝƐĐŽǀĞƌĞĚ�ĂŶĚ�ǀĂůŝĚĂƚĞĚ�ŵŝZE�Ɛ�ŝŶ�ŚƵŵĂŶ�ĐĞƌĞďƌŽƐƉŝŶĂů�ŇƵŝĚ�;�^&Ϳ�
ƚŚĂƚ�ĚŝīĞƌĞŶƟĂƚĞ����ƉĂƟĞŶƚƐ�ĨƌŽŵ�ĐŽŶƚƌŽůƐ͕�ĂŶĚ�ƚŚĞŶ�ŝĚĞŶƟĮĞĚ�Ă�ƐƵďƐĞƚ�ŽĨ�ƚŚĞ��^&����ŵŝZE�Ɛ�ƚŚĂƚ�ƚƌĞŶĚ�ƚŽ�ĚĞĐƌĞĂƐĞ�ŝŶ�
ĞǆƉƌĞƐƐŝŽŶ�ĨƌŽŵ��ŽŶƚƌŽů�ƚŽ�DŝůĚ��ŽŐŶŝƟǀĞ�/ŵƉĂŝƌŵĞŶƚ�ƚŽ���͘��Ɛ�ďůŽŽĚ�ŝƐ�Ă�ƉƌĞĨĞƌƌĞĚ�ďŝŽŇƵŝĚ�ĨŽƌ�ƌĂƉŝĚ�ŶŽŶŝŶǀĂƐŝǀĞ�
ďŝŽŵĂƌŬĞƌ�ƉƌŽĮůŝŶŐ͕�ǁĞ�ĮƌƐƚ�ĞǀĂůƵĂƚĞĚ�ƚŚĞ�ŝŶƚƌĂŝŶĚŝǀŝĚƵĂů�ůŽŶŐŝƚƵĚŝŶĂů�ƐƚĂďŝůŝƚǇ�ŽĨ�ŚƵŵĂŶ�ŵŝZE�Ɛ�ŝŶ�ƉůĂƐŵĂ͕�ƚŚĞŶ�
ĞǀĂůƵĂƚĞĚ�ƚŚĞ��^&����ŵŝZE�Ɛ�ŝŶ�ƉůĂƐŵĂ͘�tĞ�ĞǆĂŵŝŶĞĚ�ǁŚĞƚŚĞƌ�ƚŚĞ����ŵŝZE�Ɛ�ŝŶ��^&�ĂƌĞ�ŝŶ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ͕�
ĂŶĚ�ĞǀĂůƵĂƚĞĚ�ƚŚĞ�ĞīĞĐƚ�ŽĨ��WK�ϰ�ŐĞŶŽƚǇƉĞ�ĂŶĚ�ƐĞǆ͕�ƚǁŽ�ďŝŽůŽŐŝĐĂů�ĨĂĐƚŽƌƐ�ƚŚĂƚ�ŝŶĐƌĞĂƐĞ�ƚŚĞ�ƉƌĞĚŝƐƉŽƐŝƟŽŶ�ƚŽ���͕�ŽŶ�
ŵŝZE��ĞǆƉƌĞƐƐŝŽŶ�ŝŶ��^&��sƐ͘ 

�ŝŵƐ͗�KƵƌ�ĂŝŵƐ�ĂƌĞ�ϭͿ�ƚŽ�ĞƐƚĂďůŝƐŚ�ƚŚĞ�ƵƟůŝƚǇ�ŽĨ�ŵŝZE�Ɛ�ŝŶ�ďůŽŽĚ�ĂƐ�ďŝŽŵĂƌŬĞƌƐ�ĨŽƌ���͕�ĂŶĚ�ϮͿ�ƚŽ�ĞƐƚĂďůŝƐŚ�ŵŝZE�Ɛ�ŝŶ��^&�
�sƐ�ĂƐ�ŵĞĚŝĂƚŽƌƐ�ŽĨ����ƉĂƚŚŽůŽŐǇ͘ 

DĞƚŚŽĚŽůŽŐǇ͗��ůů�ƉƌŽĐĞĚƵƌĞƐ�ǁĞƌĞ�ĂƉƉƌŽǀĞĚ�ďǇ�ƚŚĞ�K,^h�/ŶƐƟƚƵƟŽŶĂů�ZĞǀŝĞǁ��ŽĂƌĚ͘�&Žƌ�ƚŚĞ�ůŽŶŐŝƚƵĚŝŶĂů�ƐƚĂďŝůŝƚǇ�ƐƚƵĚǇ͕ �
ďůŽŽĚ�ƐĂŵƉůĞƐ�ǁĞƌĞ�ĐŽůůĞĐƚĞĚ�ďǇ�ǀĞŶŝƉƵŶĐƚƵƌĞ�ďŝǁĞĞŬůǇ�ŽǀĞƌ�Ă�ϯ-ŵŽŶƚŚ�ƉĞƌŝŽĚ�ĨƌŽŵ�ϮϮ�ĚŽŶŽƌƐ�ǁŚŽ�ŚĂĚ�ĨĂƐƚĞĚ�
ŽǀĞƌŶŝŐŚƚ͘�dŽƚĂů�ZE��ǁĂƐ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ϮϬϬ�ʅ>�ŽĨ�ƉůĂƚĞůĞƚ-ĨƌĞĞ�ƉůĂƐŵĂ�ƵƐŝŶŐ�ƚŚĞ�ŵŝZEĞĂƐǇ�^ĞƌƵŵͬWůĂƐŵĂ��ĚǀĂŶĐĞĚ�<ŝƚ�
;ϮϭϳϮϬϰ͕�YŝĂŐĞŶͿ͕�ĂŶĚ�ŵŝZE�Ɛ�ĂŶĂůǇǌĞĚ�ƵƐŝŶŐ�dĂƋDĂŶ��ĚǀĂŶĐĞĚ�ŵŝZE��,ƵŵĂŶ����ĂƌĚƐ�;�ϯϰϳϭϰ͕�dŚĞƌŵŽ�&ŝƐŚĞƌ�;d&ͿͿ͘�
&Žƌ�ƚŚĞ��^&͗WůĂƐŵĂ�ƐƚƵĚǇ͕ �ϯϮϬ�ĚŽŶŽƌ- ĂŶĚ�ĚĂƚĞ- ŵĂƚĐŚĞĚ��^&�ĂŶĚ�ƉůĂƐŵĂ�ƐĂŵƉůĞƐ�ĨƌŽŵ����ĂŶĚ��ŽŶƚƌŽůƐ�ǁĞƌĞ�ŽďƚĂŝŶĞĚ�
from ƚŚĞ����EĞƵƌŽŝŵĂŐŝŶŐ�/ŶŝƟĂƟǀĞ͘�dŽƚĂů�ZE��ǁĂƐ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ϮϱϬ�ʅ>�ŽĨ�ďŽƚŚ��^&�ĂŶĚ�ƉůĂƐŵĂ�ƵƐŝŶŐ�ƚŚĞ�hƌŝŶĞ�ŵŝZE��
WƵƌŝĮĐĂƟŽŶ�Ŭŝƚ�;EŽƌŐĞŶ͕�dŚŽƌŽůĚ͕�KEͿ͕�ĂŶĚ�ŵŝZE�Ɛ�ĂŶĂůǇǌĞĚ�ƵƐŝŶŐ�Ă�ĐƵƐƚŽŵ�dĂƋDĂŶ��ĚǀĂŶĐĞĚ�,ƵŵĂŶ�ŵŝZE���ĂƌĚ�;d&Ϳ͘�
&Žƌ�ƚŚĞ��^&��s�ƐƚƵĚǇ͕ �ϱ͘Ϭ�ŵ>�ŽĨ��^&�ǁĂƐ�ĐŽŶĐĞŶƚƌĂƚĞĚ�ďǇ�ƵůƚƌĂĮůƚƌĂƟŽŶ͕�ĨƌĂĐƟŽŶĂƚĞĚ�ďǇ�ƐŝǌĞ�ĞǆĐůƵƐŝŽŶ�ĐŚƌŽŵĂƚŽŐƌĂƉŚǇ�
;/�KE�^ĐŝĞŶĐĞ͕��ŚƌŝƐƚĐŚƵƌĐŚ͕�EĞǁ��ĞĂůĂŶĚͿ͕�ĂŶĚ�ŵŝZE�Ɛ�ĂŶĂůǇǌĞĚ�ƵƐŝŶŐ�dĂƋDĂŶ��ĚǀĂŶĐĞĚ�ŵŝZE��,ƵŵĂŶ����ĂƌĚƐ�
;�ϯϰϳϭϰ͕�d&Ϳ͘ 

ZĞƐƵůƚƐ͗�&Žƌ�ƚŚĞ�ůŽŶŐŝƚƵĚŝŶĂů�ƐƚĂďŝůŝƚǇ�ƐƚƵĚǇ͕ �ϭϯϰ�ŵŝZE�Ɛ�ĂŵƉůŝĮĞĚ�ŝŶ�ƉůĂƐŵĂ͕�ϳϰ�ǁĞƌĞ�ƐƚĂďůĞ�ŝŶ�ĂŶ�ŝŶĚŝǀŝĚƵĂů�ŽǀĞƌ�ƚŚĞ�ϯ-
ŵŽŶƚŚ�ƟŵĞ�ƉĞƌŝŽĚ͕�ĂŶĚ�ƌĞůĞǀĂŶƚ�ƚŽ���͕�ϭϯ�ŽĨ�ϭϳ�ŵŝZE��ďŝŽŵĂƌŬĞƌƐ�ǁĞƌĞ�ƐƚĂďůĞ�ŝŶ�ƉůĂƐŵĂ�ŽǀĞƌ�ƚŚĞ�ϯ-ŵŽŶƚŚ�ƟŵĞ�ƉĞƌŝŽĚ͘�
&Žƌ�ƚŚĞ��^&͗WůĂƐŵĂ�ƐƚƵĚǇ͕ �ƉƌĞůŝŵŝŶĂƌǇ�ĂŶĂůǇƐŝƐ�ƐŚŽǁĞĚ�ƚŚĂƚ�Ϯϰ�ŽĨ Ϯϱ�ǀĂůŝĚĂƚĞĚ��^&�ŵŝZE�Ɛ�ĚŝīĞƌĞŶƟĂƚĞ����ĨƌŽŵ�
�ŽŶƚƌŽůƐ͘�&Žƌ�ƚŚĞ��^&��s�ƐƚƵĚǇ͕ �ŵŽƐƚ����ŵŝZE�Ɛ�ĂƌĞ�ŝŶ��sƐ͕�ĂŶĚ�ďŽƚŚ��WK�ϰ�ŐĞŶŽƚǇƉĞ�ĂŶĚ�ƐĞǆ͕�ƚǁŽ�ďŝŽůŽŐŝĐĂů�ĨĂĐƚŽƌƐ�ĨŽƌ�
��͕�ĂůƚĞƌ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ��^&����ŵŝZE�Ɛ�ŝŶ��sƐ͘ 

�ŽŶĐůƵƐŝŽŶƐ͗�KƵƌ�ƐƚƵĚŝĞƐ�ŝͿ�ŝĚĞŶƟĮĞĚ�ŵŝZE�Ɛ�ƚŚĂƚ�ƐŚŽǁ�ŝŶƚƌĂŝŶĚŝǀŝĚƵĂů�ůŽŶŐŝƚƵĚŝŶĂů�ƐƚĂďŝůŝƚǇ�ŝŶ�ŚƵŵĂŶ�ƉůĂƐŵĂ�ŽǀĞƌ�Ă�ϯ-
ŵŽŶƚŚ�ƟŵĞ�ƉĞƌŝŽĚ͕�ŝŶĐůƵĚŝŶŐ�ŵĂŶǇ�ĐĂŶĚŝĚĂƚĞ�ďŝŽŵĂƌŬĞƌƐ�ĨŽƌ���͖�ŝŝͿ�ǀĂůŝĚĂƚĞĚ�����^&�ŵŝZE��ďŝŽŵĂƌŬĞƌƐ�ĚŝīĞƌĞŶƟĂƚĞ����
ĨƌŽŵ��ŽŶƚƌŽůƐ�ŝŶ�ƉůĂƐŵĂ͕�ĂŶ�ĞĂƐŝůǇ�ĂĐĐĞƐƐŝďůĞ�ďŝŽŇƵŝĚ͖�ŝŝŝͿ�ϰ�ŽĨ�ϱ��^&�ŵŝZE�Ɛ�ƚŚĂƚ�ĚĞĐƌĞĂƐĞ�ŝŶ�ĞǆƉƌĞƐƐŝŽŶ�ĨƌŽŵ��ŽŶƚƌŽůƐ�ƚŽ�
DŝůĚ��ŽŐŶŝƟǀĞ�/ŵƉĂŝƌŵĞŶƚ�ƚŽ����ĂƌĞ�ůŽĐĂƚĞĚ�ŝŶ��sƐ͘�dŚƵƐ͕�ŵŝZE�Ɛ�ŵĂǇ�ƐĞƌǀĞ�ĂƐ�ďŝŽŵĂƌŬĞƌƐ�ĨŽƌ���͕�ĂŶĚ�ŵŝZE�Ɛ�ŝŶ��sƐ�
ŵĂǇ�ƐĞƌǀĞ�ĂƐ�ŵĞĚŝĂƚŽƌƐ�ŽĨ����ƉĂƚŚŽůŽŐǇ͘ 
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YƵĂŶƟĨǇŝŶŐ��ĂŶĐĞƌ-ĂƐƐŽĐŝĂƚĞĚ��ǆŽƐŽŵĞƐ͕�^ƵƉĞƌŵĞƌĞ�ĂŶĚ�>ŝƉŽƉƌŽƚĞŝŶ�DĂƌŬĞƌƐ�
ǁŝƚŚ�EŽǀĞů�:ĂŶƵƐ�EĂŶŽƉĂƌƟĐůĞ��ŝīƵƐŽŵĞƚƌǇ��ƐƐĂǇ�ĂŶĚ��ŚĂƌŐĞ-ďĂƐĞĚ�
�ůĞĐƚƌŽŬŝŶĞƟĐ��ŝŽƐĞŶƐŽƌƐ 
^ŽŶƵ�<ƵŵĂƌ͕ �:ŽŚŶ��ůĞǆ�^ŝŶĐůĂŝƌ͕ �^ĂƚǇĂũǇŽƟ�^ĞŶĂƉĂƟ�ĂŶĚ�,ƐƵĞŚ-Chia Chang 
 
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽŵŽůĞĐƵůĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ͕�/E-46556 
 
�ĂĐŬŐƌŽƵŶĚ͗�^ĞǀĞƌĂů�ĐĂŶĐĞƌ�ŵĂƌŬĞƌƐ͕�ŝŶĐůƵĚŝŶŐ��'&Z͕�'W�ϭ͕��ŶŽůĂƐĞƐ͕�WKEϭ͕�ĂŶĚ�d'&�/͕�ŚĂǀĞ�ďĞĞŶ�ĨŽƵŶĚ�ŽŶ�ƚŚĞ�ƐƵƌĨĂĐĞ�
ŽĨ�ĞǆŽƐŽŵĞƐ͕�ƐƵƉĞƌŵĞƌĞƐ͕�ĂŶĚ�ůŝƉŽƉƌŽƚĞŝŶƐ͘�dŚĞƐĞ�ŵĂƌŬĞƌƐ�ĂƌĞ�ŽŌĞŶ�ĐŽůŽĐĂůŝǌĞĚ�ĂŶĚ�ƌĞŇĞĐƚ�ƚŚĞŝƌ�ƉĂƌĞŶƚ�ĐĞůůΖƐ�ƉƌŽƚĞŽŵŝĐ�
ƐŝŐŶĂƚƵƌĞ͕�ƉƌŽǀŝĚŝŶŐ�ŶĞĐĞƐƐĂƌǇ�ŝŶĨŽƌŵĂƟŽŶ�ĨŽƌ�ĞĂƌůǇ�ŶŽŶ-ŝŶǀĂƐŝǀĞ�ĐĂŶĐĞƌ�ĚŝĂŐŶŽƐŝƐ͘�dŚĞƐĞ�ƉƌŽƚĞŝŶƐ�ĂƌĞ�ĨƌĞƋƵĞŶƚůǇ�ŽŶůǇ�
ĂĐƟǀĞ�ŽŶ�ĐĞůů�ŵĞŵďƌĂŶĞƐ�ĂŶĚ�ĂƌĞ�ĐŽůŽĐĂůŝǌĞĚ�ǁŝƚŚ�ƐƉĞĐŝĮĐ�ŽƚŚĞƌ�ƉƌŽƚĞŝŶƐ�ĚƵĞ�ƚŽ�ƚŚĞŝƌ�ƌŽůĞ�ŝŶ�ŝŶƚƌĂĐĞůůƵůĂƌ�ĐĂŶĐĞƌ�
ƉĂƚŚŽŐĞŶĞƐŝƐ͘�,ĞŶĐĞ͕�ƚŚĞ�ĞǆĐůƵƐŝŽŶ�ŽĨ�ƚŚĞŝƌ�ĨƌĞĞ-ŇŽĂƟŶŐ�ĐŽƵŶƚĞƌƉĂƌƚƐ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŝŵƉƌŽǀĞƐ�ƚŚĞ��h�Ɛ�ŽĨ�ĚŝĂŐŶŽƐŝƐ͘�
�ůĂƐƐŝĐĂů�ĂƐƐĂǇƐ�ƐƵĐŚ�ĂƐ��>/^�͕�tĞƐƚĞƌŶ��ůŽƚ͕�ĂŶĚ�ƉƌŽƚĞŽŵŝĐ�ŵĂƐƐ�ƐƉĞĐƚƌŽŵĞƚƌǇ�ƐƵīĞƌ�ĨƌŽŵ�ůŽǁ�ƐĞŶƐŝƟǀŝƚǇ�ĂŶĚ�ĐĂŶŶŽƚ�
ƐƚƵĚǇ�ƚŚĞ�ĐŽůŽĐĂůŝǌĂƟŽŶ�ŽĨ�ƉƌŽƚĞŝŶƐ�ŽŶ�ƚŚĞƐĞ�ƉĂƌƟĐůĞƐ�ŝŶ�ĂŶǇ�ƌĞĂƐŽŶĂďůĞ�ƟŵĞĨƌĂŵĞ͕�ǁŚŝĐŚ�ŽŌĞŶ�ƌĞƋƵŝƌĞ�ǀĞƐŝĐůĞ�ŝƐŽůĂƟŽŶ͘�
&ůŽǁ�ĐǇƚŽŵĞƚƌǇ�ĨŽƌ�ƚŚĞƐĞ�ǀĞƐŝĐůĞƐ�ĂůƐŽ�ŐŝǀĞƐ�ŝŶĂĐĐƵƌĂƚĞ�ŵĞĂƐƵƌĞŵĞŶƚƐ�ĚƵĞ�ƚŽ�ƚŚĞ�ƐŵĂůů�ƐŝǌĞ�ŽĨ�ƚŚĞƐĞ�ƉĂƌƟĐůĞƐ͘� 

�ŝŵƐ�ĂŶĚ�DĞƚŚŽĚŽůŽŐǇ͗�,ĞƌĞ͕�ǁĞ�ƉƌŽƉŽƐĞ�ƚǁŽ�ŶŽǀĞů�ŵĞƚŚŽĚƐ�ƚŽ�ŵĞĂƐƵƌĞ�ƚŚĞ�ĐŽŶĐĞŶƚƌĂƟŽŶ�ŽĨ�ĞǆŽƐŽŵĞƐ͕�ƐƵƉĞƌŵĞƌĞƐ͕�
ĂŶĚ�,�>�ǁŝƚŚŽƵƚ�ĂŶǇ�ƐĂŵƉůĞ�ŝƐŽůĂƟŽŶ͘�dŚĞ�ĮƌƐƚ�ŵĞƚŚŽĚ�ƵƐĞƐ�Ă�ĐŚĂƌŐĞ-ďĂƐĞĚ�ƐĞŶƐŽƌ�ƚŚĂƚ�ƵƟůŝǌĞƐ�ǀŽůƚĂŐĞ-ŐĂƟŶŐ�
ƉŚĞŶŽŵĞŶĂ�ĨŽƌ�ŝŽŶ ĞǆĐŚĂŶŐĞ�ŵĞŵďƌĂŶĞƐ�ƚŽ�ŵĞĂƐƵƌĞ�ƚŚĞ�ĐŽŶĐĞŶƚƌĂƟŽŶ�ŽĨ�ƚŚĞƐĞ�ƉĂƌƟĐůĞƐ͘�dŚŝƐ�ŵĞƚŚŽĚ�ĂĐŚŝĞǀĞƐ�Ă�ůŝŵŝƚ�
ŽĨ�ĚĞƚĞĐƟŽŶ�ŽĨ�Εϭ-ϭϬ�ĨD�ĨŽƌ�ĞǆŽƐŽŵĞƐ�ĂŶĚ�ƐƵƉĞƌŵĞƌĞƐ�ĂŶĚ�ΕϭϬϬ�ĨD�ĨŽƌ�ůŝƉŽƉƌŽƚĞŝŶƐ͘�dŚĞ�ƐĞĐŽŶĚ�ŵĞƚŚŽĚ�ƵƐĞƐ�ƚŚĞ�
ĐŚĂŶŐĞ�ŝŶ�ƌŽƚĂƟŽŶĂů�ďůŝŶŬŝŶŐ�ŽĨ�:ĂŶƵƐ�ƉĂƌƟĐůĞƐ ǁŚĞŶ�ĂŶ�ĞǆŽƐŽŵĞ�ďŝŶĚƐ�ƚŽ�ŝƚ͕�ƌĞĂĐŚŝŶŐ�Ă�ůŝŵŝƚ�ŽĨ�ĚĞƚĞĐƟŽŶ�ŽĨ�Εϭ-ϭϬ�ĨD͘�
�ŽƚŚ�ŵĞƚŚŽĚƐ�ŚĂǀĞ�Ă�ϯ-ϰ�ůŽŐϭϬ�ĚǇŶĂŵŝĐ�ƌĂŶŐĞ�ĂŶĚ�ĐĂŶ�ŵĞĂƐƵƌĞ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ĚŝƌĞĐƚůǇ�ĨƌŽŵ�ŚƵŵĂŶ�ƉůĂƐŵĂ�ŝŶ�ϯϬ-ϲϬ�
minutes.  

ZĞƐƵůƚƐ�ĂŶĚ��ŽŶĐůƵƐŝŽŶ͗�dŚĞ�ƉůĂƞŽƌŵ�ŚĂƐ�ŚŝŐŚ�ĞŶŽƵŐŚ�ƐĞŶƐŝƟǀŝty to measure tumor-ƐƉĞĐŝĮĐ�ƐƵƌĨĂĐĞ�ŵĂƌŬĞƌƐ�ĨƌŽŵ�ƚŚĞ�
ĞŶƟƌĞ��sͬ^ƵƉĞƌŵĞƌĞͬ>ŝƉŽƉƌŽƚĞŝŶ�ƉŽƉƵůĂƟŽŶ�ŝŶ�ƉůĂƐŵĂ͕�ƌĞƉƌĞƐĞŶƟŶŐ�ůĞƐƐ�ƚŚĂŶ�Ϭ͘Ϭϭй�ŽĨ�ƚŚĞ�ĞŶƐĞŵďůĞ͘�WƌĞůŝŵŝŶĂƌǇ�
ƌĞƐƵůƚƐ�ĂŶĚ�ŽŶŐŽŝŶŐ�ƉƌĞĐůŝŶŝĐĂů�ƐƚƵĚŝĞƐ�ǁŝƚŚ�ŚƵŵĂŶ�ƉĂƟĞŶƚƐ�ŝŶĐůƵĚĞ�Ă�'&Z�ĂŶĚ��'&Z-ƉŽƐŝƟǀe exosomes from 
'ůŝŽďůĂƐƚŽŵĂ�ƉĂƟĞŶƚƐ͕�WKEϭ-ƉŽƐŝƟǀĞ�ŚŝŐŚ-ĚĞŶƐŝƚǇ�ůŝƉŽƉƌŽƚĞŝŶ�ĨŽƌ�ĐŽƌŽŶĂƌǇ�ĂƌƚĞƌǇ�ĚŝƐĞĂƐĞ�ƉĂƟĞŶƚƐ͕�'W�ϭ-ƉŽƐŝƟǀĞ�
ĞǆŽƐŽŵĞƐ�ĨŽƌ�ƉĂŶĐƌĞĂƟĐ�ĐĂŶĐĞƌ͕ ����-ƉŽƐŝƟǀĞ�ƐƵƉĞƌŵĞƌĞƐ�ĨŽƌ�ĐŽůŽƌĞĐƚĂů�ĐĂŶĐĞƌ͕ �ĂŶĚ�d'&�/-ƉŽƐŝƟǀĞ�ƐƵƉĞƌŵĞƌĞƐ�ĨŽƌ�ƉĂŶ-
ĐĂŶĐĞƌ�ĚĞƚĞĐƟŽŶ͘��ƵƌƌĞŶƚ��h��ĨŽƌ�WKEϭ-,�>�Ε�Ϭ͘ϵϵ�ĨŽƌ�ĐŽƌŽŶĂƌǇ�ĂƌƚĞƌǇ�ĚŝƐĞĂƐĞ�ĂŶĚ�Ă�'&Z-ĞǆŽƐŽŵĞƐ�Ε�ϭ͘Ϭ�ĨŽƌ�
ŐůŝŽďůĂƐƚŽŵĂ͘���ĐŽŵƉĂƌŝƐŽŶ�ďĞƚǁĞĞŶ�ƚŚĞ�ĚŝĂŐŶŽƐƟĐ�ƉŽƚĞŶƟĂů�ŽĨ�ƐƵƉĞƌŵĞƌĞƐ�ĂŶĚ�ĞǆŽƐŽŵĞƐ�ĨŽƌ�ĐĂŶĐĞƌ�ŝƐ�ĚŽŶĞ�ĨŽƌ�ƚŚĞ�
ƐĂŵĞ�ƐƵƌĨĂĐĞ�ƉƌŽƚĞŝŶ�;'W�ϭ�ĂŶĚ�����ŽŶ�ĞǆŽƐŽŵĞƐ�ǀƐ�ƐƵƉĞƌŵĞƌĞƐͿ͘ 
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�ŚĂƌůĞƐ >Ăŝ 
�ĐĂĚĞŵŝĂ�^ŝŶŝĐĂ͕�dĂŝǁĂŶ 
 
&ƌŽŵ�>ĂďĞůŝŶŐ͕��ŽƐĂŐĞ͕�ĂŶĚ�^ŝǌĞ�ƚŽ��ŝŽĚŝƐƚƌŝďƵƟŽŶ ĂŶĚ�&ƵŶĐƟŽŶ�ŽĨ��ǆƚƌĂĐĞůůƵůĂƌ�
sĞƐŝĐůĞƐ 
�ƌǇĂŶ�:ŽŚŶ��ďĞů�DĂŐŽůŝŶŐϭ͕Ϯ͕ϯ͕�zĂŶ-dĂŶŐ�tƵϭ͕ϯ͕�zĞŶ-:Ƶ��ŚĞŶϭ͕�tĂŶ-dŝŶŐ�tŽŶŐϭ͕�dŝŶŐ-zƵ��ŚƵŽϭ͕�,Ɛŝ-�ŚŝĞŶ�,ƵĂŶŐϱ͕ϲ͕�
zƵŶ-�ŚŝĞŚ�^ƵŶŐϱ͕ϲ͕�,ƐŝŶ�dǌƵ�,ƐŝĞŚϱ͕�WŽǇĂ�,ƵĂŶŐϭ͕�<ĂŶŐ-�ŚĂŶŐ�>ĞĞϭ͕�<ƵĂŶ-tĞŝ�,ƵĂŶŐϱ͕�ZƵĞǇ-,ǁĂ��ŚĞŶϮ͕ϯ͕ϰ͕�zƵnching 
�ŚĞŶϱ͕��ŚĂƌůĞƐ�WŝŶ-<ƵĂŶŐ�>Ăŝϭ͕ϯ 
ϭ͘�/ŶƐƟƚƵƚĞ�ŽĨ��ƚŽŵŝĐ�ĂŶĚ�DŽůĞĐƵůĂƌ�^ĐŝĞŶĐĞƐ͕��ĐĂĚĞŵŝĂ�^ŝŶŝĐĂ͕�dĂŝƉĞŝ͕�dĂŝǁĂŶ͘ 
Ϯ͘�'ƌĂĚƵĂƚĞ�/ŶƐƟƚƵƚĞ�ŽĨ��ŝŽĐŚĞŵŝĐĂů�^ĐŝĞŶĐĞƐ͕�EĂƟŽŶĂů�dĂŝǁĂŶ�hŶŝǀĞƌƐŝƚǇ͕ �dĂŝƉĞŝ͕�dĂŝǁĂŶ͘ 
ϯ͘��ŚĞŵŝĐĂů��ŝŽůŽŐǇ�ĂŶĚ�DŽůĞĐƵůĂƌ��ŝŽƉŚǇƐŝĐƐ�WƌŽŐƌĂŵ͕�d/'W͕ ��ĐĂĚĞŵŝĂ�^ŝŶŝĐĂ͕�dĂŝƉĞŝ͕�dĂŝǁĂŶ͘ 
ϰ͘�/ŶƐƟƚƵƚĞ�ŽĨ��ŝŽůŽŐŝĐĂů��ŚĞŵŝƐƚƌǇ͕ ��ĐĂĚĞŵŝĂ�^ŝŶŝĐĂ͕�dĂŝƉĞŝ͕�dĂŝǁĂŶ͘ 
ϱ͘�/ŶƐƟƚƵƚĞ�ŽĨ��ŝŽŵĞĚŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�&ƌŽŶƟĞƌ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ�ŽŶ�&ƵŶĚĂŵĞŶƚĂů�ĂŶĚ��ƉƉůŝĞĚ�^ĐŝĞŶĐĞƐ�ŽĨ�DĂƩĞƌƐ͕�
EĂƟŽŶĂů�dƐŝŶŐ�,ƵĂ�hŶŝǀĞƌƐŝƚǇ͕ �,ƐŝŶĐŚƵ͕�dĂŝǁĂŶ͘ 
ϲ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�EĂƟŽŶĂů�dƐŝŶŐ�,ƵĂ�hŶŝǀĞƌƐŝƚǇ͕ �,ƐŝŶĐŚƵ͕�dĂŝǁĂŶ͘ 
 
�ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ĂƌĞ�ƌĞůĞĂƐĞĚ�ďǇ�ĐĞůůƐ�ƚŽ�ŵĞĚŝĂƚĞ�ŝŶƚĞƌĐĞůůƵůĂƌ�ĐŽŵŵƵŶŝĐĂƟŽŶ�ƵŶĚĞƌ�ƉĂƚŚŽůŽŐŝĐĂů�ĂŶĚ�
ƉŚǇƐŝŽůŽŐŝĐĂů�ĐŽŶĚŝƟŽŶƐ͘�tŚŝůĞ�ƐŵĂůů��sƐ�;Ɛ�sƐ͖�фϭϬϬ–ϮϬϬ�Ŷŵ͕�ĞǆŽƐŽŵĞƐͿ�ĂƌĞ�ŝŶƚĞŶƐĞůǇ�ŝŶǀĞƐƟŐĂƚĞĚ͕�ƚŚĞ�ƉƌŽƉĞƌƟĞƐ�ĂŶĚ�
ĨƵŶĐƟŽŶƐ�ŽĨ�ŵĞĚŝƵŵ�ĂŶĚ�ůĂƌŐĞ��sƐ�;ďŝŐ��sƐ�΀ď�sƐ΁͖�хϮϬϬ�Ŷŵ͕�ŵŝĐƌŽǀĞƐŝĐůĞƐͿ�ĂƌĞ�ůĞƐƐ�ǁĞůů�ĞǆƉůŽƌĞĚ͘�,ĞƌĞ͕�ǁĞ�ŝĚĞŶƟĨǇ�ď�sƐ�
ĂŶĚ�Ɛ�sƐ�ĂƐ�ĚŝƐƟŶĐƚ��s�ƉŽƉƵůĂƟŽŶƐ͕�ĂŶĚ�ĚĞƚĞƌŵŝŶĞ�ƚŚĂƚ�ď�sƐ�ĂƌĞ�ƌĞůĞĂƐĞĚ�ŝŶ�Ă�ŐƌĞĂƚĞƌ�ď�s͗Ɛ�s�ƌĂƟŽ�ŝŶ�ƚŚĞ�ĂŐŐƌĞƐƐŝǀĞ�
ŚƵŵĂŶ�ƚƌŝƉůĞ-ŶĞŐĂƟǀĞ�ďƌĞĂƐƚ�ĐĂŶĐĞƌ�;dE��Ϳ�ƐƵďƚǇƉĞ͘�WĂůŵ'Z�d͕ �ďŝŽůƵŵŝŶĞƐĐĞŶĐĞ�ƌĞƐŽŶĂŶĐĞ�ĞŶĞƌŐǇ�ƚƌĂŶƐĨĞƌ�;�Z�dͿ-
ďĂƐĞĚ��s�ƌĞƉŽƌƚĞƌ͕ �ƌĞǀĞĂůƐ�ĚŽƐĞ-ĚĞƉĞŶĚĞŶƚ��s�ďŝŽĚŝƐƚƌŝďƵƟŽŶ�Ăƚ�ŶŽŶ-lethaů�ĂŶĚ�ƉŚǇƐŝŽůŽŐŝĐĂů��s�ĚŽƐĂŐĞƐ͕�ĂƐ�ĐŽŵƉĂƌĞĚ�
ƚŽ�ůŝƉŽƉŚŝůŝĐ�ŇƵŽƌĞƐĐĞŶƚ�ĚǇĞƐ͘�ZĞŵĂƌŬĂďůǇ͕ �ƚŚĞ�ď�sƐ�ĂŶĚ�Ɛ�sƐ�ĞǆŚŝďŝƚ�ƵŶŝƋƵĞ�ďŝŽĚŝƐƚƌŝďƵƟŽŶ�ƉƌŽĮůĞƐ͕�ǇĞƚ�ŝŶĚŝǀŝĚƵĂůůǇ�
ƉƌŽŵŽƚĞ�ŝŶ�ǀŝǀŽ�ƚƵŵŽƌ�ŐƌŽǁƚŚ�ŝŶ�Ă�ƐǇŶŐĞŶĞŝĐ�ŝŵŵƵŶŽĐŽŵƉĞƚĞŶƚ�dE���ďƌĞĂƐƚ�ƚƵŵŽƌ�ŵƵƌŝŶĞ�ŵŽĚĞů͘�dŚĞ�ď�sƐ�ĂŶĚ�Ɛ�sƐ�
ƐŚĂƌĞ�ŵĂƐƐ�ƐƉĞĐƚƌŽŵĞƚƌǇ�;D^Ϳ-ŝĚĞŶƟĮĞĚ�ƚƵŵŽƌ�ƉƌŽŐƌĞƐƐŝŽŶ-ĂƐƐŽĐŝĂƚĞĚ��s�ƐƵƌĨĂĐĞ�ŵĞŵďƌĂŶĞ�ƉƌŽƚĞŝŶƐ�;ƚƉ�s^ƵƌĨD�DƐͿ͕�
ǁŚŝĐŚ�ŝŶĐůƵĚĞ�^>�Ϯϵ�ϭ͕���ϵ�ĂŶĚ���ϰϰ͘�ƚƉ�s^ƵƌĨD�D�ĚĞƉůĞƟŽŶ�ĂƩĞŶƵĂƚĞƐ��s�ůƵŶŐ�ŽƌŐĂŶŽƚƌŽƉŝƐŵ͕�ĂůƚĞƌƐ�
ďŝŽĚŝƐƚƌŝďƵƟŽŶ͕�ĂŶĚ�ƌĞĚƵĐĞƐ�ƉƌŽƚƵŵŽƌŝŐĞŶŝĐ�ƉŽƚĞŶƟĂů͘�dŚŝƐ�ƐƚƵĚǇ�ŝĚĞŶƟĮĞƐ�ĚŝƐƟŶĐƚ�ŝŶ�ǀŝǀŽ�ƉƌŽƉĞƌƚǇ�ĂŶĚ�ĨƵŶĐƟŽŶ�ŽĨ�ď�sƐ�
ĂŶĚ�Ɛ�sƐ�ŝŶ�ďƌĞĂƐƚ�ĐĂŶĐĞƌ͕ �ǁŚŝĐŚ�ƐƵŐŐĞƐƚ�ƚŚĞ�ƐŝŐŶŝĮĐĂŶƚ�ƌŽůĞ�ŽĨ�ď�sƐ�ŝŶ�ĚŝƐĞĂƐĞƐ͕�ĚŝĂŐŶŽƐƟĐ�ĂŶĚ�ƚŚĞƌĂƉĞƵƟĐ�ĂƉƉůŝĐĂƟŽŶƐ͘ 
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<ǇůĞ DĐ�ĂƌƚŚǇ 
University of Notre Dame 
 
��ŵŝĐƌŽŇƵŝĚŝĐ�ƉůĂƞŽƌŵ�ĨŽƌ�ƚŚĞ�ĚĞƚĞĐƟŽŶ�ŽĨ��ůǌŚĞŝŵĞƌ͛Ɛ��ŝƐĞĂƐĞ�ĨƌŽŵ�ĐŽ-ůŽĐĂůŝǌĞĚ�
ƐƵƌĨĂĐĞ�ƉƌŽƚĞŝŶƐ�Žn neuron-ĚĞƌŝǀĞĚ�ĞǆŽƐŽŵĞƐ 
<ǇůĞ�DĐ�ĂƌƚŚǇϭ͕�^ŽŶƵ�<ƵŵĂƌϭ͕�^ĂƚĂũǇŽƟ�^ĞŶĂƉĂƟϭ͕�,ƐƵĞŚ-�ŚŝĂ��ŚĂŶŐϭ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽ-ŵŽůĞĐƵůĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ͕�/E͘ 
 
�ĂĐŬŐƌŽƵŶĚ - �ůǌŚĞŝŵĞƌ Ɛ͛�ĚŝƐĞĂƐĞ�;��Ϳ�ŝƐ�ƚŚĞ�ŵŽƐƚ�ƉƌĞǀĂůĞŶƚ�ƚǇƉĞ�ŽĨ�ĚĞŵĞŶƟĂ�ĂŶĚ�Ă�ĚĞďŝůŝƚĂƟŶŐ�ŶĞƵƌŽĚĞŐĞŶĞƌĂƟǀĞ�
ĚŝƐĞĂƐĞ͘����ŝƐ�ĨĂŵŽƵƐůǇ�ŵĂƌŬĞĚ�ďǇ�ĞǆƚƌĂĐĞůůƵůĂƌ�ĂŵǇůŽŝĚ-ɴ�ƉůĂƋƵĞƐ�ĂŶĚ�ŝŶƚƌĂĐĞůůƵůĂƌ�ĂĐĐƵŵƵůĂƟŽŶƐ�ŽĨ�ƉŚŽƐƉŚŽƌǇůĂƚĞĚ�ƚĂƵ�
ŝŶ�ĚŝīĞƌĞŶƚ�ƌĞŐŝŽŶƐ�ŽĨ�ƚŚĞ�ďƌĂŝŶ�ƚŚĂƚ�ĐĂŶ�ďĞ�ŝĚĞŶƟĮĞĚ�ƉŽƐƚ-ŵŽƌƚĞŵ�ďǇ�ƉŽƐŝƚƌŽŶ�ĞŵŝƐƐŝŽŶ�ƚŽŵŽŐƌĂƉŚǇ�;W�dͿ͘�tŚŝĐŚ�ĂůůŽǁƐ�
ĂŶ�ĞīĞĐƟǀĞ�ďƵƚ�ŝŶǀĂƐŝǀĞ�ŵĞƚŚŽĚ�ŽĨ�ƉŽƐƚŵŽƌƚĞŵ�ĐŽŶĮƌŵĂƟŽŶ�ŽĨ����ƉƌŽŐƌĞƐƐŝŽŶ͘�dŚĞ�ŶĞĞĚ�ĨŽƌ�ĞĂƌůǇ�ŽŶƐĞƚ�ĚĞƚĞĐƟŽŶ�ĂŶĚ�
Ă�ŵĂŶĂŐĞĂďůĞ�ŵĞƚŚŽĚ�ŽĨ�ŵŽŶŝƚŽƌŝŶŐ�ƉƌŽŐƌĞƐƐŝŽŶ�ŝƐ�ŐƌŽǁŝŶŐ�ĂƐ�ƋƵŝĐŬůǇ�ĂƐ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƉĞŽƉůĞ�ǁŚŽ�ƐƵīĞƌ�ĨƌŽŵ AD each 
ǇĞĂƌ͘ �DŽŶŝƚŽƌŝŶŐ�ƉĂƟĞŶƚƐ͛�ĐŽŐŶŝƟǀĞ�ƐƚƌĞŶŐƚŚ�ǁŝƚŚ�ƐĐƌĞĞŶŝŶŐ�ƚĞƐƚƐ�ůŝŬĞ�ƚŚĞ�ŵŝŶŝ-ŵĞŶƚĂů�ƐƚĂƚĞ�ĞǆĂŵŝŶĂƟŽŶ�;DD^�Ϳ�ĂŶĚ�ƚŚĞ�
DŽŶƚƌĞĂů�ĐŽŐŶŝƟǀĞ�ĂƐƐĞƐƐŵĞŶƚ�;DŽ��Ϳ͕�ǁŚŝĐŚ�ĂƌĞ�ŶŽŶ-ŝŶǀĂƐŝǀĞ�ĂŶĚ�ĂƌĞ�ƌĞůĂƟǀĞůǇ�ĞĂƐŝůǇ�ĂĚŵŝŶŝƐƚĞƌĞĚ͕�ĐĂŶ�ŐŝǀĞ�Ă�ŐĞŶĞƌĂů�
ƉŝĐƚƵƌĞ�ŽĨ�ĐŽŐŶŝƟǀĞ�ĚĞĐůŝŶĞ͘��ǆĂŵŝŶĂƟŽŶƐ�ůŝŬĞ�ƚŚĞƐĞ�ĂƌĞ�ƵƐĞĨƵů�ĨŽƌ�ŵŽŶŝƚŽƌŝŶŐ�ĚĞĐůŝŶĞ�ŝŶ�ŵĞŶƚĂů�ƐƚĂƚĞ͕�ďƵƚ�ƚĞƐƚ�ŶƵŵďĞƌƐ�
ĐĂŶ�ďĞ�ƐŬĞǁĞĚ�ďǇ�ŝŶĚŝǀŝĚƵĂů�ƉĞƌĨŽƌŵĂŶĐĞ�ĂŶĚ�ŽŶ�ƚŚĞŝƌ�ŽǁŶ�ĂƌĞ�ƉŽŽƌ�Ăƚ�ĚĞƚĞƌŵŝŶŝŶŐ�ŝĨ�Ă�ƉĂƟĞŶƚ�ŚĂƐ����Žƌ�Ă�ĚŝīĞƌĞŶƚ�
ĚŝƐĞĂƐĞ͘��ŝŽŵĂƌŬĞƌƐ�ŝŶ�ĐĞƌĞďƌĂů�ƐƉŝŶĂů�ŇƵŝĚ�;�^&Ϳ�ǁĞƌĞ�ĚŝƐĐŽǀĞƌĞĚ�ƚŽ�ŚŽůĚ�ƐƚƌŽŶŐ�ĐŽƌƌĞůĂƟŽŶƐ�ĂŶĚ�ƉŽƚĞŶƟĂů�ĚŝĂŐŶŽƐƟĐ�
ƌĞůĞǀĂŶĐĞ�ĨŽƌ�ĐŽŶĮƌŵŝŶŐ����ĚŝĂŐŶŽƐŝƐ͕�ďƵƚ�ƌĞƋƵŝƌĞ�ŝŶǀĂƐŝǀĞ�ĂŶĚ�ƉŽƚĞŶƟĂůůǇ�ĚĂŶŐĞƌŽƵƐ�ĐŽůůĞĐƟŽŶ�ŽĨ��^&�ĨƌŽŵ�ƉĂƟĞŶƚƐ�
ŵĂŬŝŶŐ�ŝƚ�Ă�ůĞƐƐ�ƉƌĞĨĞƌƌĞĚ͕�ĂŶĚ�ůĞƐƐ�ĞĂƐŝůǇ�ƌĞƉĞĂƚĂďůĞ͕�ŵĞƚŚŽĚ͘�ZĞĐĞŶƚůǇ͕ �ƚŚĞ�ĚŝƐĐŽǀĞƌǇ�ŽĨ�ŶĞƵƌŽŶ-ƐƉĞĐŝĮĐ�ƉƌŽƚĞŝŶƐ�ŽŶ�
neuron-ĚĞƌŝǀĞĚ�ĞǆŽƐŽŵĞƐ�;E��Ϳ�ŚĂƐ�ůĞĚ�ƚŽ�ƚŚĞ�ƐƚƵĚǇ�ŽĨ�ƚŚĞƐĞ�ŵĂƌŬĞƌƐ�ŝŶ�ƉůĂƐŵĂ͘�tŝƚŚ�ŚĂůůŵĂƌŬ�ďŝŽŵĂƌŬĞƌƐ�ĚŝƐĐŽǀĞƌĞĚ�ŝŶ�
ƉůĂƐŵĂ�ĞǆŽƐŽŵĞƐ͕�ĂŶĚ�ŵŽƌĞ�ƐƉĞĐŝĮĐĂůůǇ�ŝŶ�ƉůĂƐŵĂ�E��͕�ƚŚĞƌĞ�ŝƐ�ŐƌĞĂƚ�ƉƌŽŵŝƐĞ�ŝŶ�ƚŚĞ�ĚĞƚĞĐƟŽŶ�ŽĨ����ƚŚƌŽƵŐŚ�ďůŽŽĚ�ƚĞƐƚƐ�
ŽǀĞƌ�ƚŚĞ�ŵŽƌĞ�ŝŶǀĂƐŝǀĞ��^&�ƚĞƐƚƐ͘� 
 DĂŶǇ�ŽĨ�ƚŚĞƐĞ�ƉƌŽƚĞŝŶƐ�ĨŽƵŶĚ�ŝŶ�E��Ɛ�ŚĂǀĞ�ƐŚŽǁŶ�ǀŝĂďŝůŝƚǇ�ĂƐ�ƉŽƚĞŶƟĂů����ďŝŽŵĂƌŬĞƌƐ͕�ĞƐƉĞĐŝĂůůǇ�ƚŚŽƐĞ�ƚŚĂƚ�ĂƌĞ�
ŝŶǀŽůǀĞĚ�ŝŶ�ƉĂƚŚǁĂǇƐ�ĨŽƌ�ĂŵǇůŽŝĚ�ĮďĞƌ�ƉůĂƋƵĞƐ�ĂŶĚ�ŝŶƚƌĂĐĞůůƵůĂƌ�ŶĞƵƌŽĮďƌŝůůĂƌǇ�ĞŶƚĂŶŐůĞŵĞŶƚ͘�dŚĞƐĞ�ŝŶĐůƵĚĞ�ƉƌŽƚĞŝŶƐ�ůŝŬĞ�
ŐůŝĂů�ĮďƌŝůůĂƌǇ�ĂĐŝĚŝĐ�ƉƌŽƚĞŝŶ�;'&�WͿ͕�ǁŚŝĐŚ�ŝŶĐƌĞĂƐĞĚ�ůĞǀĞůƐ�ƐĞƌǀĞ�ĂƐ�ŵĂƌŬĞƌƐ�ŽĨ�ĂƐƚƌŽŐůŝŽƐŝƐ�ƚŚĂƚ�ŝƐ�ŽďƐĞƌǀĞĚ�ĂƌŽƵŶĚ��ɴ�
ƉůĂƋƵĞƐ͕�ŶĞƵƌŽĮůĂŵĞŶƚ�ůŝŐŚƚ�;EĨ>Ϳ͕�ĂŶ�ĂǆŽŶ�ĐǇƚŽƐŬĞůĞƚĂů�ƉƌŽƚĞŝŶ�ŝƐ�ƌĞůĞĂƐĞĚ�ŝŶƚŽ��^&�ĂŶĚ�ďůŽŽĚ�ĨŽůůŽǁŝŶŐ�
ŶĞƵƌŽĚĞŐĞŶĞƌĂƟŽŶ�Žƌ�ĂǆŽŶĂů�ĚĂŵĂŐĞ�ƚŽ�ŶĞƵƌŽŶƐ͕�ƉŚŽƐƉŚŽƌǇůĂƚĞĚ�ƚĂƵ͕�ƐƉĞĐŝĮĐ�ƐŝƚĞƐ�ŽŶ�ƚĂƵ�ĐĂƵƐĞƐ�ĂŐŐƌĞŐĂƟŽŶ�ŽĨ�
ŶĞƵƌŽĮďƌŝůůĂƌǇ�ƚĂŶŐůĞƐ�;E&dƐͿ͕�ĂŶĚ�ĂŵǇůŽŝĚ�ďĞƚĂ�;�ɴͿ͕�the ɴ�ƉĞƉƟĚĞ�ďĞŝŶŐ�ƉƌŽŶĞ�ƚŽ�ĂŐŐƌĞŐĂƟŽŶ�ĂŶĚ�ĨŽƌŵĂƟŽŶ�ŽĨ�ƉůĂƋƵĞƐ�
ŝŶ�ŶĞƵƌŽŶƐ͘�/ŶĐƌĞĂƐĞĚ�ƉůĂƐŵĂ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ�ĞĂĐŚ�ŽĨ�ƚŚĞƐĞ�ƉƌŽƚĞŝŶƐ͕�Žƌ�ƐƵďƵŶŝƚƐ�ŽĨ�ƚŚĞƐĞ�ƉƌŽƚĞŝŶƐ�ĨŽƌ�ĚŝīĞƌĞŶƚ�
ƉŚŽƐƉŚŽƌǇůĂƚĞĚ�ƚĂƵ�ƉƌŽƚĞŝŶƐ͕�Ğǆ͘�dŚƌϭϴϭ�ĂŶĚ�dŚƌϮϯϭ͕�Žƌ͕ �ŝŶ�ƚŚĞ�ĐĂƐĞ�ŽĨ��ɴ͕�ƚŚĞ�ĚĞĐƌĞĂƐĞ�ŝŶ�ƌĞůĂƟǀĞ�ƌĂƟŽ�ŽĨ��ɴϰϮͬϰϬ͕�have 
ŐƌĞĂƚ�ƉŽƚĞŶƟĂů�ŝŶ�ƚŚĞ�ĐůŝŶŝĐĂů�ĚŝĂŐŶŽƐŝƐ�ŽĨ���͘�tŚŝůĞ�ŵĂŶǇ�ŽĨ�ƚŚĞƐĞ�ƐŚŽǁ�ƐƚƌŽŶŐ�ƉŽƚĞŶƟĂů�ĂƐ�ďŝŽŵĂƌŬĞƌƐ�ŽŶ�ƚŚĞŝƌ�ŽǁŶ͕�
ŝĚĞŶƟĨǇŝŶŐ�ƐƚƌŽŶŐ�ĐŽ-ĞǆƉƌĞƐƐĞĚ�ŵĂƌŬĞƌƐ�ƐŚŽƵůĚ�ŝŶĐƌĞĂƐĞ�ƚŚĞ�ƌŽďƵƐƚŶĞƐƐ�ŽĨ�Ă�ĚŝĂŐŶŽƐƟĐ�ƚĞƐƚ�ĂŶĚ�ƚŚĞ�ƐƉĞĐŝĮĐŝƚǇ�ŽĨ�ƚŚĂƚ�
test for AD ĚŝĂŐŶŽƐŝƐ�ŽǀĞƌ�ŽƚŚĞƌ�ŶĞƵƌŽĚĞŐĞŶĞƌĂƟǀĞ�ĚŝƐĞĂƐĞƐ͘ 
 
Aims - �ĞǀĞůŽƉ�Ă�ŵŝĐƌŽŇƵŝĚŝĐ�ƉůĂƞŽƌŵ�ĐĂƉĂďůĞ�ƚŽ�ĚĞƚĞĐƟŶŐ�ĐŽůŽĐĂůŝǌĞĚ�ƉƌŽƚĞŝŶƐ�ŽŶ�ƚŚĞ�ƐƵƌĨĂĐĞ�ŽĨ�ĞǆŽƐŽŵĞƐ�ĨŽƌ�ƵƐĞ�ŝŶ����
ĚŝĂŐŶŽƐƟĐƐ͘� 
 
DĞƚŚŽĚŽůŽŐǇ -  WůĂƐŵĂ�ĨƌŽŵ�ϱ��ůǌŚĞŝŵĞƌ Ɛ͛�ƉĂƟĞŶƚƐ�ĂŶĚ�ϱ�ŚĞĂůƚŚǇ�ĐŽŶƚƌŽů�ƉĂƟĞŶƚƐ�ŽĨ�ƐŝŵŝůĂƌ�ĂŐĞ�ĂŶĚ�ĞƚŚŶŝĐŝƟĞƐ�ǁĂƐ�
ĐŽůůĞĐƚĞĚ�ĨŽƌ�ƚŚŝƐ�ƐƚƵĚǇ�ĂŶĚ�ĞǆŽƐŽŵĞƐ�ǁĞƌĞ�ƉƵƌŝĮĞĚ�ďǇ�ĐĞŶƚƌŝĨƵŐĂƟŽŶ͘�DĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ�ƌĞůĂƟǀĞ�ĐŽůŽĐĂůŝǌĞĚ�ƐƵƌĨĂĐĞ�
ĐŽŶĐĞŶƚƌĂƟŽŶ�ǁĞƌĞ�ŵĂĚĞ�ƵƐŝŶŐ�ŝŽŶ-ĞǆĐŚĂŶŐĞ�ŵĞŵďƌĂŶĞ�ƐĞŶƐŽƌƐ�ĚĞǀĞůŽƉĞĚ�ĂŶĚ�ƌĞƉŽƌƚĞĚ�ƉƌĞǀŝŽƵƐůǇ�ďǇ�ƚŚĞ��ŚĂŶŐ�ůĂď͘�
DĞĂƐƵƌĞŵĞŶƚƐ�ǁĞƌĞ�ĐŽŶĚƵĐƚĞĚ�ǁŝƚŚ�Ă�ƐĂŶĚǁŝĐŚ�ĂƐƐĂǇ�ƚŽ�ĐĂƉƚƵƌĞ�Ă�ƐƉĞĐŝĮĐ�ƐƵƌĨĂĐĞ�ŵĂƌŬĞƌ�ǁŝƚŚ�ĂŶ�ĂŶƟďŽĚǇ�ĂŶĐŚŽƌĞĚ�ƚŽ�
ƚŚĞ�ƐĞŶƐŽƌ�ŵĞŵďƌĂŶĞ�ƐƵƌĨĂĐĞ�ĂŶĚ�Ă�ƐĞĐŽŶĚĂƌǇ�ƌĞƉŽƌƚĞƌ�ĂŶƟďŽĚǇ�ĨƵŶĐƟŽŶĂůŝǌĞĚ�ƚŽ�ƚŚĞ�ƐƵƌĨĂĐĞ�ŽĨ�Ă�ƐŝůŝĐĂ�ƌĞƉŽƌƚĞƌ�
ƉĂƌƟĐůĞ͘��ŶƟďŽĚŝĞƐ�ĨŽƌ�EĨ>͕�'&�W͕ �ƉŚŽƐƉŚŽƌǇůĂƚĞĚ�ƚĂƵ;Ɖ-dĂƵͿϭϴϭ͕�Ɖ-dĂƵϮϭϳ͕�Ɖ-dĂƵϮϯϭ͕�ĂŵǇůŽŝĚ�ďĞƚĂ�ĂŶĚ���ϲϯ�ǁĞƌĞ�ƵƐĞĚ�
ĨŽƌ�ĐĂƉƚƵƌĞ�ĂŶĚ�ĂŶƟďŽĚŝĞƐ�ĨŽƌ�>ϭ�ĐĞůů�ĂĚŚĞƐŝŽŶ�ŵŽůĞĐƵůĞ�;>ϭ��DͿ�ĂŶĚ���ϲϯ�ǁĞƌĞ�ƵƐĞĚ�ĂƐ�ƌĞƉŽƌƚĞƌƐ͘ 
ZĞƐƵůƚƐ - EĨ>͕�'&�W�ĂŶĚ�ĚŝīĞƌĞŶƚ�ƉŚŽƐƉŚŽƌǇůĂƚĞĚ�ƚĂƵ�ůĞǀĞůƐ�ŽŶ�ƚŚĞ�ƐƵƌĨĂĐĞ�ŽĨ�E��Ɛ�ǁĞƌĞ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŝŶĐƌĞĂƐĞĚ�ĐŽŵƉĂƌĞĚ�
ƚŽ�ŚĞĂůƚŚǇ�ƉĂƟĞŶƚƐ͘�W-dĂƵϭϴϭ͕�Ɖ-dĂƵϮϭϳ�ĂŶĚ�Ɖ-dĂƵϮϯϭ�ŽŶ�ƚŚĞ�ƐƵƌĨĂĐĞ�ŽĨ�ŶĞƵƌŽ-ĚĞƌŝǀĞĚ�ĞǆŽƐŽŵĞƐ�ǁĞƌĞ�ĨŽƵŶĚ�ƚŽ�ŚĂǀĞ�ƚŚĞ�
ƐƚƌŽŶŐĞƐƚ�ŝŶĚĞƉĞŶĚĞŶƚ�ŵĂƌŬĞƌƐ�ŽĨ�ŶĞƵƌŽĚĞŐĞŶĞƌĂƟŽŶ͘��ŵǇůŽŝĚ�ďĞƚĂ�ŽŶ�ƚŚĞ�Ɛurface of neuro-ĚĞƌŝǀĞĚ�ĞǆŽƐŽŵĞƐ�ǁĂƐ�
ĨŽƵŶĚ�ƚŽ�ďĞ�Ă�ƉŽŽƌ�ŝŶĚĞƉĞŶĚĞŶƚ�ŵĞĂƐƵƌĞ�ŽĨ����ŝŶ�ƉĂƟĞŶƚƐ͘� 
 
Conclusions - dŚŝƐ�ǁŽƌŬ�ƐŚŽǁƐ�ƚŚĞ�ƉŽƚĞŶƟĂů�ĨŽƌ�ĚŝĂŐŶŽƐŝƐ�ŽĨ����ĂŶĚ�ŽƚŚĞƌ�ŶĞƵƌŽůŽŐŝĐĂů�ĚŝƐĞĂƐĞƐ�ƵƐŝŶŐ�ĐŽůŽĐĂůŝǌĞĚ�
ĞǆŽƐŽŵĂů�ƐƵƌĨĂĐĞ�ƉƌŽƚĞŝŶƐ͘�sĞƌǇ�ĨĞǁ�ƐƚƵĚŝĞƐ�ŚĂǀĞ�ůŽŽŬĞĚ�Ăƚ�ƚŚĞ�ƌĞůĂƟǀĞ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ�ĞǆŽƐŽŵĂů�ƐƵƌĨĂĐĞ�ƉƌŽƚĞŝŶƐ�ĂƐ�
ƉŽƚĞŶƟĂů�ďŝŽŵĂƌŬĞƌƐ�ŝŶ����ĂŶĚ�ŽƚŚĞƌ�ĚĞŵĞŶƟĂ�ƉĂƟĞŶƚƐ͕�ŶŽƌ�ŚĂǀĞ�ƚŚĞ�ƌĞůĂƟǀĞ�ƐƵƌĨĂĐĞ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ďĞĞŶ�ƉĂŶĞůĞĚ�ĂƐ�
ƚŚĞǇ�ŚĂǀĞ�ŚĞƌĞ͘�dŚĞ�ƵƐĞ�ŽĨ�ƚŚĞƐĞ�ĂŶŝŽŶ�ĞǆĐŚĂŶŐĞ-ďĂƐĞĚ�ƐĞŶƐŽƌƐ�ĂůůŽǁƐ�ĨŽƌ�Ă�ƌĂƉŝĚ�ƚĞƐƚ�ƚŚĂƚ�ĐĂŶ�ƐĐƌĞĞŶ�ŵƵůƟƉůĞ�E���
ƚĂƌŐĞƚƐ�ƐŝŵƵůƚĂŶĞŽƵƐůǇ�ǁŝƚŚ�ƚŚĞ�ƐĞŶƐŝƟǀŝƚǇ�ƚŽ�ĚĞƚĞĐƚ�ƚŚĞŝƌ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŝŶ�ƉůĂƐŵĂ͘� 
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DĂƌƟŶ EŐ 
hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕�^ĂŶ�&ƌĂŶĐŝƐĐŽ͕�^ĂŶ�&ƌĂŶĐŝƐĐo s��DĞĚŝĐĂů��ĞŶƚĞƌ͕ �E�/Z� 
 
ZĞĮŶŝŶŐ�DĞƚŚŽĚƐ�ĨŽƌ�/ƐŽůĂƟŶŐ�Θ��ĞƚĞĐƟŶŐ�ĞǆZE���ĂƌƌŝĞƌƐ 
DĂƌƟŶ�EŐϭ͕Ϯ͕��ůĞǆ�'ĂŽϭ͕Ϯ͕�ZŽďĞƌƚ�>͘�ZĂīĂŝϭ͕Ϯ͕ϯ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�sĞƚĞƌĂŶƐ��īĂŝƌƐ͕�^ƵƌŐŝĐĂů�^ĞƌǀŝĐĞ�;ϭϭϮ'Ϳ͕�^ĂŶ�&ƌĂŶĐŝƐĐŽ�s��DĞĚŝĐĂů��ĞŶƚĞƌ͕ �^ĂŶ�&ƌĂŶĐŝƐĐŽ͕����ϵϰϭϮϭ͕�
USA.  
Ϯ͘�EŽƌƚŚĞƌŶ��ĂůŝĨŽƌŶŝĂ�/ŶƐƟƚƵƚĞ�ĨŽƌ�ZĞƐĞĂƌĐŚ�ĂŶĚ��ĚƵĐĂƟŽŶ͕�^ĂŶ�&ƌĂŶĐŝƐĐŽ͕����ϵϰϭϮϭ͕�h^�͘� 
ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�^ƵƌŐĞƌǇ͕ ��ŝǀŝƐŝŽŶ�ŽĨ��ŶĚŽǀĂƐĐƵůĂƌ�ĂŶĚ�sĂƐĐƵůĂƌ�^ƵƌŐĞƌǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕�^ĂŶ�ϭϲ�&ƌĂŶĐŝƐĐo, CA 
ϵϰϭϰϯ͕�h^�͘ 
 
�ĂĐŬŐƌŽƵŶĚ�- �ǆƚƌĂĐĞůůƵůĂƌ�ZE�Ɛ�;ĞǆZE�Ϳ�ĂƌĞ�ŝŶĐƌĞĂƐŝŶŐůǇ�ŝŶǀĞƐƟŐĂƚĞĚ�ĂƐ�ďŝŽŵĂƌŬĞƌƐ�ŽĨ�ŚƵŵĂŶ�ĚŝƐĞĂƐĞ�ŽŶƐĞƚ�ĂŶĚ�
ƌĞƐŽůƵƟŽŶ͕�ĂƐ�ǁĞůů�ĂƐ�ĞīĞĐƚŽƌƐ�ŽĨ�ŝŶƚĞƌĐĞůůƵůĂƌ�ƐŝŐŶĂůŝŶŐ�ŝŶ�ĐŽŵƉůĞǆ�ďŝŽůŽŐŝĐĂů�ŶĞƚǁŽƌŬƐ͘��ĞƐƉŝƚĞ�ŵŽƵŶƟŶŐ�ĞŶƚŚƵƐŝĂƐŵ�ŝŶ�
the stƵĚǇ�ŽĨ�ĞǆZE��ŝŶ�ŵŽůĞĐƵůĂƌ�ŵĞĚŝĐŝŶĞ͕�ƚŚĞ�ĮĞůĚ�ŝƐ�ŚĂŵƉĞƌĞĚ�ďǇ�ƚĞĐŚŶŝĐĂů�ůŝŵŝƚĂƟŽŶƐ�ƚŚĂƚ�ƐƚĞŵ�ĨƌŽŵ�ƚŚĞŝƌ�ŝƐŽůĂƟŽŶ�
ĂŶĚ�ĚĞƚĞĐƟŽŶ͘��ŽŵƉůĞǆŝƟĞƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ƚŚĞ�ƐƚƵĚǇ�ŽĨ�ĞǆZE��ĂƌŝƐĞ�ĨƌŽŵ�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�ƚŚĞǇ�ĚŽ�ŶŽƚ�ĞǆŝƐƚ�ĂƐ�ĨƌĞĞ�
ŵŽůĞĐƵůĂƌ�ƐƚƌƵĐƚƵƌĞƐ͕�ďƵƚ�ƌĂƚŚĞƌ�ĂƌĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĐĂƌƌŝĞƌƐ�ƚŚĂƚ�ƉƌŽƚĞĐƚ�ƚŚĞŵ�ĨƌŽŵ�ŚǇĚƌŽůǇƐŝƐ�ĂŶĚ�ĞŶƐƵƌĞ�ƚŚĞŝƌ�ĚĞůŝǀĞƌǇ�
ƚŽ�ƚĂƌŐĞƚ�ƟƐƐƵĞƐ�ĂŶĚ�ĐĞůůƐ͘ 

Aims - �Ɛ�ƉĂƌƟĐŝƉĂŶƚƐ�ŽĨ�ƚŚĞ�E/,��Z��͕�ŽƵƌ�ůĂďŽƌĂƚŽƌǇ�ŚĂƐ�ůĞĚ�ƚŚĞ�ǁĂǇ�ŝŶ�ƌĞĮŶŝŶŐ�ƚĞĐŚŶŝƋƵĞƐ�ƚŽ�ŝƐŽůĂƚĞ�ĂŶĚ�ĚĞƚĞĐƚ�ĞǆZE��
ĐĂƌƌŝĞƌƐ�ďĂƐĞĚ�ŽŶ�ƚŚĞŝƌ�ďŝŽƉŚǇƐŝĐĂů�ĂŶĚ�ďŝŽůŽŐŝĐĂů�ƉƌŽƉĞƌƟĞƐ͕�ǁŝƚŚ�ƚŚĞ�ŐŽĂů�ŽĨ�ĂĚǀĂŶĐŝŶŐ�ƚŚĞ�ƐƚƵĚǇ�ŽĨ�ĞǆZE��ďŝŽůŽŐǇ�ŝŶ�
ŚƵŵĂŶ�ƉĞƌƐŽŶĂůŝǌĞĚ�ŵĞĚŝĐŝŶĞ͘ 
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ĐŽŶĚŝƟŽŶĞĚ�ĐĞůů�ĐƵůƚƵƌĞ�ŵĞĚŝĂ͕�ƐƵĐŚ�ĂƐ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂŶĚ�ůŝƉŽƉƌŽƚĞŝŶƐ͕�ǁĞ�ĐŽŵďŝŶĞĚ�ƚŚĞ�ƵƐĞ�ŽĨ�ĐƵƐŚŝŽŶĞĚ-ĚĞŶƐŝƚǇ�
ŐƌĂĚŝĞŶƚ�ƵůƚƌĂĐĞŶƚƌŝĨƵŐĂƟŽŶ�;�-�'h�Ϳ͕�ƐĞƋƵĞŶƟĂů�ĚĞŶƐŝƚǇ�ƵůƚƌĂĐĞŶƚƌŝĨƵŐĂƟŽŶ�;^�-h�Ϳ͕�ƐŝǌĞ-ĞǆĐůƵƐŝŽŶ�ĐŚƌŽŵĂƚŽŐƌĂƉŚǇ�
;^��Ϳ͕�ĂŶĚ�ŝŵŵƵŶŽĂĸŶŝƚǇ�ĐĂƉƚƵƌĞ-ďĂƐĞĚ�ďĞĂĚ�ƐǇƐƚĞŵƐ�ŝŶ�ĐŽůůĂďŽƌĂƟŽŶ�ǁŝƚŚ�ƚŚĞ�>ĂƵƌĞŶƚ�ůĂď͘�&ƵƌƚŚĞƌŵŽƌĞ͕�ƚŽ�ĂĚĚƌĞƐƐ�
ƚŚĞ�ĐŚĂůůĞŶŐĞ�ŽĨ�ĂĐĐƵƌĂƚĞůǇ�ĚĞƚĞĐƟŶŐ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ŝŶ�ďŝŽŇƵŝĚƐ͕�ǁĞ�ŚĂǀĞ�ďĞĞŶ�ĐŽůůĂďŽƌĂƟŶŐ�ǁŝƚŚ��ƌ͘ �:ŽŚŶ�
EŽůĂŶ�ƚŽ�ĞƐƚĂďůŝƐŚ�ƚŚĞ�ƵƐĞ�ŽĨ�ǀĞƐŝĐůĞ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�;ǀ&�Ϳ͘�dŚĞ�ƐŽƵƌĐĞƐ�ŽĨ�ĞǆZE��ĐĂƌƌŝĞƌƐ�ƵƐĞĚ�ŝŶ�ŽƵƌ�ƐƚƵĚŝĞƐ�ĐŽŶƐŝƐƚĞĚ�ŽĨ�
ĐŽŶĚŝƟŽŶĞĚ�ĐĞůů�ĐƵůƚƵƌĞ�ŵĞĚŝĂ�ĂŶĚ�ƉůĂƐŵĂ͘�dŚĞǇ�ŝŶĐůƵĚĞĚ�ƉƌŝŵĂƌǇ�ŵŽƵƐĞ�ĂŶĚ�ŚƵŵĂŶ�d,Wϭ�ŵĂĐƌŽƉŚĂŐĞƐ͕�ĐĂŶĐĞƌ�ĐĞůůƐ�
ŝŶĐůƵĚŝŶŐ�,�<Ϯϵϯ͕��ŝ&ŝ͕�<ƵƌĂŵŽĐŚŝ͕�ĂŶĚ�ŝW^��ĐĞůůƐ͕�ĂƐ�ǁĞůů�ĂƐ ŵŽƵƐĞ�ĂŶĚ�ŚƵŵĂŶ�ƉůĂƐŵĂ͘ 
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^��͘�tĞ�ĚŝĚ�ƐŽ�ďǇ�ĮƌƐƚ�ƌĞƐŽůǀŝŶŐ�ĐŽŶĚŝƟŽŶĞĚ�ĐĞůů�ĐƵůƚƵƌĞ�ŵĞĚŝĂ�ƵƐŝŶŐ��-�'h�͕�ĨŽůůŽǁĞĚ�ďǇ�ƉŽŽůŝŶŐ��s-ƌŝĐŚ���ϴϭ-ƉŽƐŝƟǀĞ�
ĨƌĂĐƟŽŶƐ�ϲ-ϴ�ƚŚĂƚ�ǁĞƌĞ�ƐƵďƐĞƋƵĞŶƚůǇ�ĂƉƉůŝĞĚ�ŽŶƚŽ�Ă�ĮƌƐƚ�ŐĞŶĞƌĂƟŽŶ͕�ϯϱŶŵ�Ƌ�s�ŽƌŝŐŝŶĂů�ĐŽůƵŵŶ͘�dŚŝƐ�ƚǁŽ-ƐƚĞƉ�ĂƉƉƌŽĂĐŚ�
ĂĐŚŝĞǀĞĚ�ĂŶ�ŝŵƉƌŽǀĞŵĞŶƚ�ŝŶ��s�ƉƵƌŝƚǇ�ĂŶĚ�ƐŝǌĞ�ƌĞƐŽůƵƟŽŶ�ŽĨ�Ă�ĚĞĮŶĞĚ�ĚĞŶƐŝƚǇ͘�KƵƚĐŽŵĞƐ�ŽĨ�ƌĞƐŽůǀŝŶŐ��sƐ�ďǇ�ƚŚŝƐ�
ĂƉƉƌŽĂĐŚ�ǁĂƐ�ƉƌŽďĞĚ�ǁŝƚŚ�ZE��ƐĞƋƵĞŶĐŝŶŐ�ŝŶ�ƚŚĞ�>ĂƵƌĞŶƚ�ůĂď�ĂŶĚ�ŵĂƐƐ�ƐƉĞĐƚƌŽŵĞƚƌǇ�ŝŶ�ƚŚĞ�>ŝƵ�ůĂď͕�ǁŚŝůĞ�ƐƵƌĨĂĐĞ-
ĞŶŚĂŶĐĞĚ�ZĂŵĂŶ�ƐƉĞĐƚƌŽƐĐŽƉǇ�;^�Z^Ϳ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ�ŝŶ�ƚŚĞ�yŝĞ�ůĂď͘ 

dŽ�ďƌŽĂĚĞŶ�ŽƵƌ�ĞǆZE��ŝƐŽůĂƟŽŶ�ĂŶĚ�ĚĞƚĞĐƟŽŶ�ĂƉƉƌŽĂĐŚĞƐ͕�ǁĞ�ŝŵƉůĞŵĞŶƚĞĚ�ƚŚĞ�ƵƐĞ�ŽĨ�ŝŵŵƵŶŽĂĸŶŝƚy-ďĂƐĞĚ�ďĞĂĚ�
ƉƵůůĚŽǁŶƐ�ĂŶĚ�ǀĞƐŝĐůĞ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ͘��ŶƟ-ŚƵŵĂŶ�ƚĞƚƌĂƐƉĂŶŝŶ�ŵĂŐŶĞƟĐ�ďĞĂĚƐ�ĨƌŽŵ�DŝůƚĞŶǇŝ�ƐĞƌǀĞĚ�ƚŽ�ŝƐŽůĂƚĞ�ŚƵŵĂŶ�
ƉůĂƐŵĂ��sƐ͕�ǁŚŝůĞ�ĂŶƟ-ŚƵŵĂŶ��WK�ͬ�ͬ�/�/Ő'͕�ĐŽƵƉůĞĚ�ƚŽ�^ƉŚĞƌŽƚĞĐŚ�ŵĂŐŶĞƟĐ�ďĞĂĚƐ͕�ǁŝůů�ƐĞƌǀĞ�ƚŽ�ŝƐŽůĂƚĞ�ůŝƉŽƉƌŽƚĞŝŶ�
ƐƵďĐůĂƐƐĞƐ͘��ǆZE�Ɛ�ƉƌĞƐĞŶƚ�ŝŶ�ƚŚĞƐĞ�ĐĂƌƌŝĞƌƐ�ǁŝůů�ŶĞǆƚ�ďĞ�ĞǆĂŵŝŶĞĚ�ƵƐŝŶŐ�ƋZd-W�Z�ĂŶĚ�ZE�-ƐĞƋƵĞŶĐŝŶŐ�ŝŶ�ĐŽůůĂďŽƌĂƟŽŶ�
ǁŝƚŚ�ƚŚĞ�:ĞŶƐĞŶ�ĂŶĚ�>ĂƵƌĞŶƚ�ůĂďƐ͘�&ŝŶĂůůǇ͕ �ŽŶŐŽŝŶŐ�ĐŽůůĂďŽƌĂƟŽŶƐ�ǁŝƚŚ�ƚŚĞ�EŽůĂŶ�ůĂď�ŚĂƐ�ĞƐƚĂďůŝƐŚĞĚ�ƚŚĞ�ƵƐĞ�ŽĨ�ǀĞƐŝĐůĞ�
ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�ĂƐ�Ă�ƌŽďƵƐƚ�ƚŽŽů�ƚŽ�ŝĚĞŶƟĨǇ�ĂŶĚ�ĚŝƐƟŶŐƵŝƐŚ��sƐ�ŝŶ�ĐĞůů�ĐŽŶĚŝƟŽŶĞĚ�ŵĞĚŝĂ�ĂŶĚ�ďŝŽŇƵŝĚƐ͘ 
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ĐŽŶĚŝƟŽŶĞĚ�ŵĞĚŝĂ�ĂŶĚ�ďŝŽŇƵŝĚƐ�ƚŚĂƚ�ǁŝůů�ŚĞůƉ�ĂĚǀĂŶĐĞ�ƚŚĞŝƌ�ƐƚƵĚǇ�ĂƐ�ďŝŽŵĂƌŬĞƌƐ�ĂŶĚ�ĞīĞĐƚŽƌƐ�ŽĨ�ŚƵŵĂŶ�ŚĞĂůƚŚ�ĂŶĚ�
ĚŝƐĞĂƐĞƐ͘ 
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DĞƚŚŽĚŽůŽŐǇ͗�KƵƌ�ƉůĂƞŽƌŵ͕�ĐĂůůĞĚ�ƚŚĞ��ŽŶƟŶƵŽƵƐ�/ƐŽĞůĞĐƚƌŝĐ�&ƌĂĐƟŽŶĂƟŽŶ�;�/&Ϳ�ĚĞǀŝĐĞ͕�ĐŽŶƐŝƐƚƐ�ŽĨ�ƚǁŽ�ŵŽĚƵůĞƐ�ŽĨ�
ŵŝĐƌŽŇƵŝĚŝĐ�ĐŚŝƉƐ͗�;ŝͿ�Ă�Ɖ,�ŐƌĂĚŝĞŶƚ�ĐŚŝƉ�ĂŶĚ�;ŝŝͿ�Ă�ƐĞƉĂƌĂƟŽŶ�ĐŚŝƉ͘�dŚĞ�Ɖ,�ŐƌĂĚŝĞŶƚ�ĐŚŝƉ�ŝŶĐŽƌƉŽƌĂƚĞƐ�Ă�ƉĂŝƌ�ŽĨ�ďŝƉŽůĂƌ�
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ƐĞƉĂƌĂƚĞĚ�,ϯKн�ĂŶĚ�K,– ŝŽŶƐ�ĂƌĞ�ƐĞƉĂƌĂƚĞĚ�ĂŶĚ�ƐƚĂďŝůŝǌĞĚ�ďǇ�ŇŽǁ�;ΕϭϮ�ŵůͬŚŽƵƌͿ͕�ǌĞƌŽ-ŇƵǆ��ŽůƚǌŵĂŶŶ�ĚŝƐƚƌŝďƵƟŽŶƐ�ŽĨ�
ƚŚĞ�ŝŶĞƌƚ�ďƵīĞƌ�ŝŽŶƐ͕�ĂƐ�ǁĞůů�ĂƐ�ƌĂƉŝĚ�ĂŶĚ�ƌĞǀĞƌƐŝďůĞ�ǁĂƚĞƌ�ĚŝƐƐŽĐŝĂƟŽŶ�ƌĞĂĐƟŽŶ�ƚŽ�ĨŽƌŵ�Ă�ůŝŶĞĂƌ�Ɖ,�ŐƌĂĚŝĞŶƚ�;Ɖ,�ϯ�ƚŽ�ϭϭͿ�
ǁŝƚŚŽƵƚ�ƵƐŝŶŐ�ĐŽŵŵĞƌĐŝĂů�ĂŵƉŚŽůǇƚĞƐ͘��ĞƉĞŶĚŝŶŐ�ŽŶ�ƚŚĞ�ĂƉƉůŝĐĂƟŽŶ͕�ƚŚĞ�ĚĞƐŝƌĞĚ�ƉŽƌƟŽŶ�ŽĨ�ƚŚĞ�ĞŋƵĞŶƚ�ĨƌŽŵ�ƚŚĞ�Ɖ,�
ŐƌĂĚŝĞŶƚ�ĐŚŝƉ�ŝƐ�ƚŚĞŶ�ŝŶũĞĐƚĞĚ�ĚŽǁŶƐƚƌĞĂŵ�ŝŶƚŽ�Ă�ƐĞƉĂƌĂƟŽŶ�ĐŚŝƉ;ƐͿ�ƚŽ�ƉƌŽĚƵĐĞ�Ă�ŚŝŐŚ-ƌĞƐŽůƵƟŽŶ�Ɖ,�ŐƌĂĚŝĞŶƚ�ǁŚĞƌĞ�ƚŚĞ�
ŶĂŶŽĐĂƌƌŝĞƌ�ŵŝǆƚƵƌĞ�ŝƐ�ŝŶũĞĐƚĞĚ�;Εϯ�ŵůͬŚŽƵƌͿ�ĂŶĚ�ƐĞƉĂƌĂƚĞĚ�ďĂƐĞĚ�ŽŶ�ƚŚĞŝƌ�ĐŚĂƌŐĞ�;ŝƐŽĞůĞĐƚƌŝĐ�ƉŽŝŶƚͿ͘�dŽ�ĨĂĐŝůŝƚĂƚĞ�ĚĞƐŝƌĞĚ�
Ɖ,�ƚƌĂŶƐĨĞƌ�ĨƌŽŵ�ƚŚĞ�Ɖ,�ŐƌĂĚŝĞŶƚ�ĐŚŝƉ�ƚŽ�ƚŚĞ�ƐĞƉĂƌĂƟŽŶ�ĐŚŝƉ͕�Ă�ŵĂĐŚŝŶĞ�ůĞĂƌŶŝŶŐ�ƉƌŽĐĞĚƵƌĞ�ŝƐ�ĚĞǀĞůŽƉĞĚ͘�&Žƌ�
ƋƵĂŶƟƚĂƟǀĞ�ĂƐƐĞƐƐŵĞŶƚƐ͕�ƚŚĞ�ĞŋƵĞŶƚƐ�ĐŽůůĞĐƚĞĚ�ĨƌŽŵ�Ăůů�ƚŚĞ�ŽƵƚůĞƚƐ�ŽĨ�ƚŚĞ�ĐŚŝƉ�ǁĞƌĞ�ƋƵĂůŝƚĂƟǀĞůǇ�ĂŶĂůǇǌĞĚ�ďǇ�ǀĂƌŝŽƵƐ�
ŵĞƚŚŽĚƐ�ƐƵĐŚ�ĂƐ��>/^�͕�ŐĞů�ĞůĞĐƚƌŽƉŚŽƌĞƐŝƐ͕�ǌĞƚĂ�ƉŽƚĞŶƟĂů͕�ĂŶĚ�d�D�ŝŵĂŐĞƐ͘ 

ZĞƐƵůƚƐ�ĂŶĚ��ŽŶĐůƵƐŝŽŶ͗�tĞ�ŽƉƟŵŝǌĞ�ƚŚĞ��/&�ƚĞĐŚŶŽůŽŐǇ�ďǇ�ĨƌĂĐƟŽŶĂƟŶŐ�ǀĂƌŝŽƵƐ�ĐŽŵďŝŶĂƟŽŶƐ�ŽĨ�ďŝŶĂƌǇ�ŵŝǆƚƵƌĞƐ�ŽĨ�
ĞǆZE��ŶĂŶŽĐĂƌƌŝĞƌƐ�;�sƐ͕�>>WƐ͕�ĂŶĚ�ZEWƐͿ�ƐƉŝŬĞĚ�ŝŶ�ϭǆ�W�^�ďƵīĞƌ�;ǇŝĞůĚ�хϴϬй�ĂŶĚ�ƉƵƌŝƚǇ�хϵϬйͿ͘�/ƚƐ�ƉĞƌĨŽƌŵĂŶĐĞ�ŝƐ�ƚŚĞŶ�
ĞǀĂůƵĂƚĞĚ�ǁŝƚŚ�ƐĞǀĞƌĂů�ďŝŽŇƵŝĚƐ͕�ŝŶĐůƵĚŝŶŐ�ƉůĂƐŵĂ͕�ƵƌŝŶĞ͕�ĂŶĚ�ƐĂůŝǀĂ�ƐĂŵƉůĞƐ͘��ŽŵƉƌĞŚĞŶƐŝǀĞ͕�ŚŝŐŚ-ƉƵƌŝƚǇ�;ƉůĂƐŵĂ͗�хϵϯй͕�
ƵƌŝŶĞ͗�хϵϱй͕�ĂŶĚ�ƐĂůŝǀĂ͗�хϵϳйͿ͕�ŚŝŐŚ-ǇŝĞůĚ�;ƉůĂƐŵĂ͗�хϳϴй͕�ƵƌŝŶĞ͗�хϴϳй͕�ĂŶĚ�ƐĂůŝǀĂ͗�хϵϲйͿ͕�ĂŶĚ�ƉƌŽďĞ-ĨƌĞĞ�ŝƐŽůĂƟŽŶ�ŽĨ�
ƌŝďŽŶƵĐůĞŽƉƌŽƚĞŝŶƐ�ŝŶ�Ϭ͘ϳϱ�ŵů�ƐĂŵƉůĞƐ�ŽĨ�ǀĂƌŝŽƵƐ�ďŝŽŇƵŝĚƐ�ŝŶ�ϯϬ�ŵŝŶƵƚĞƐ�ŝƐ�ĚĞŵŽŶƐƚƌĂƚĞĚ͕�ƐŝŐŶŝĮĐĂŶƚůǇ�ŽƵƚƉĞƌĨŽƌŵŝŶŐ�
ĂĸŶŝƚǇ-ďĂƐĞĚ�ĂŶĚ�ŚŝŐŚůǇ�ďŝĂƐĞĚ�ŐŽůĚ�ƐƚĂŶĚĂƌĚƐ�ŚĂǀŝŶŐ�ůŽǁ�ǇŝĞůĚ�ĂŶĚ�ĚĂǇ-ůŽŶŐ�ƉƌŽƚŽĐŽůƐ͘�dŚĞ�ŽƉƟŵŝǌĞĚ�ƚĞĐŚŶŝƋƵĞ�ŚĂƐ�Ă�
ƌĞƐŽůƵƟŽŶ�ŽĨ�Ϭ͘ϯ�ȴƉ/͕�ƐƵĸĐŝĞŶƚ�ƚŽ�ƐĞƉĂƌĂƚĞ�ŵĂŶǇ�ŶĂŶŽĐĂƌƌŝĞƌƐ�ĂŶĚ�ĞǀĞŶ�ƐƵďĐůĂƐƐĞƐ�ŽĨ�ŶĂŶŽĐĂƌƌŝĞƌƐ͘�dŚŝƐ�ĚĞǀŝĐĞ�
ƌĞƉƌĞƐĞŶƚƐ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ĂĚǀĂŶĐĞŵĞŶƚ�ĂƐ�ŝƚ�ŽǀĞƌĐŽŵĞƐ�ƚŚĞ�ǀĂƌŝŽƵƐ�ůŝŵŝƚĂƟŽŶƐ�ŽĨ�ĐŽŵŵŽŶůǇ�ƵƟůŝǌĞĚ�ƚƌĂĚŝƟŽŶĂů�ŝƐŽůĂƟŽŶ�
ƚĞĐŚŶŽůŽŐŝĞƐ͕�ŝŶĐůƵĚŝŶŐ�ƵůƚƌĂĐĞŶƚƌŝĨƵŐĂƟŽŶ͕�ŝŵŵƵŶŽĐĂƉƚƵƌĞ͕�ĂŶĚ�ƵůƚƌĂĮůƚƌĂƟŽŶ�ƚĞĐŚŶŝƋƵĞƐ͘ 
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:ƵĂŶ�WĂďůŽ Tosar 
/ŶƐƟƚƵƚ�WĂƐƚĞƵƌ�ĚĞ�DŽŶƚĞǀŝĚĞŽ 
 
ZE��ĂƐ�ŝƚƐ�ŽǁŶ�ĐĂƌƌŝĞƌ͗�ŶŝĐŬĞĚ�ƚZE�Ɛ�ĂƌĞ�ƐƚĂďůĞ�ƌĞƐĞƌǀŽŝƌƐ�ŽĨ�ƚZE��ŚĂůǀĞƐ�ŝŶ�
ďŝŽŇƵŝĚƐ 
�ƌƵŶŽ��ŽƐƚĂ�ϭ�Ϯ͕�DĂƌĐŽ�>ŝ��Ăůǌŝ�ϭ͕�DĂƵƌŝĐŝŽ��ĂƐƚĞůůĂŶŽ�ϭ�ϯ͕�sĂůĞŶƟŶĂ��ůĂŶĐŽ�ϭ�ϯ͕��ƌŶĞƐƚŽ��ƵĞǀĂƐĂŶƚĂ�Ϯ�ϰ�ϱ͕�/ƌĞŶĞ�>ŝƚǀĂŶ�ϲ͕�
WĂǀĞů�/ǀĂŶŽǀ�ϳ͕�<ĞŶŶĞƚŚ�tŝƚǁĞƌ�ϴ͕��ůĨŽŶƐŽ �ĂǇŽƚĂ�ϭ�ϵ͕�:ƵĂŶ�WĂďůŽ�dŽƐĂƌ�ϭ�Ϯ 
ϭ͘�&ƵŶĐƟŽŶĂů�'ĞŶŽŵŝĐƐ�>ĂďŽƌĂƚŽƌǇ͕ �/ŶƐƟƚƵƚ�WĂƐƚĞƵƌ�ĚĞ�DŽŶƚĞǀŝĚĞŽ͕�DŽŶƚĞǀŝĚĞŽ�ϭϭϰϬϬ͕�hƌƵŐƵĂǇ͘� 
Ϯ͘��ŶĂůǇƟĐĂů��ŝŽĐŚĞŵŝƐƚƌǇ�hŶŝƚ͕��ĞŶƚĞƌ�ĨŽƌ�EƵĐůĞĂƌ�ZĞƐĞĂƌĐŚ͕�^ĐŚŽŽů�ŽĨ�^ĐŝĞŶĐĞ͕�hŶŝǀĞƌƐŝĚĂĚ�ĚĞ�ůĂ�ZĞƉƷďůŝĐĂ͕�DŽŶƚĞǀŝĚĞŽ�
ϭϭϰϬϬ͕�Uruguay.  
ϯ͘��ŝŽĐŚĞŵŝƐƚƌǇ��ĞƉĂƌƚŵĞŶƚ͕�^ĐŚŽŽů�ŽĨ�^ĐŝĞŶĐĞ͕�hŶŝǀĞƌƐŝĚĂĚ�ĚĞ�ůĂ�ZĞƉƷďůŝĐĂ͕�DŽŶƚĞǀŝĚĞŽ�ϭϭϰϬϬ͕�hƌƵŐƵĂǇ͘� 
ϰ͘�>ĂďŽƌĂƚŽƌǇ�ŽĨ��ŶǌǇŵŽůŽŐǇ͕ �^ĐŚŽŽů�ŽĨ�^ĐŝĞŶĐĞ͕�hŶŝǀĞƌƐŝĚĂĚ�ĚĞ�ůĂ�ZĞƉƷďůŝĐĂ͕�DŽŶƚĞǀŝĚĞŽ�ϭϭϰϬϬ͕�hƌƵŐƵĂǇ͘� 
ϱ͘��ĞŶƚƌŽ�ĚĞ�/ŶǀĞƐƟŐĂĐŝŽŶĞƐ��ŝŽŵĠĚŝĐĂƐ͕�hŶŝǀĞƌƐŝĚĂĚ�ĚĞ�ůĂ�ZĞƉƷďůŝĐĂ͕�DŽŶƚĞǀŝĚĞŽ�ϭϭϴϬϬ͕�hƌƵŐƵĂǇ͘� 
ϲ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�EĞƵƌŽƐĐŝĞŶĐĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕����ϵϮϬϵϯ͘� 
ϳ͘��ƌŝŐŚĂŵ�ĂŶĚ�tŽŵĞŶΖƐ�,ŽƐƉŝƚĂů�ĂŶĚ�,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů͕��ŽƐƚŽŶ͕�D��ϬϮϭϭϱ͘� 
ϴ͘�DŽůĞĐƵůĂƌ�ĂŶĚ��ŽŵƉĂƌĂƟǀĞ�WĂƚŚŽďŝŽůŽŐǇ͕ �EĞƵƌŽůŽŐǇ͕ �ĂŶĚ�dŚĞ�ZŝĐŚŵĂŶ�&ĂŵŝůǇ�WƌĞĐŝƐŝŽŶ�DĞĚŝĐŝŶĞ��ĞŶƚĞƌ�ŽĨ��ǆĐĞůůĞŶĐĞ�
ŝŶ��ůǌŚĞŝŵĞƌΖƐ��ŝƐĞĂƐĞ͕�:ŽŚŶƐ�,ŽƉŬŝŶƐ�hŶŝǀĞƌƐŝƚǇ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕��ĂůƟŵŽƌĞ͕�D��ϮϭϮϬϱ͘� 
ϵ͘�,ŽƐƉŝƚĂů�ĚĞ��ůşŶŝĐĂƐ͕�hŶŝǀĞƌƐŝĚĂĚ�ĚĞ�ůĂ�ZĞƉƷďůŝĐĂ͕�DŽŶƚĞǀŝĚĞŽ�ϭϭϲϬϬ͕�hƌƵguay. 
 
EŽŶǀĞƐŝĐƵůĂƌ�ĞǆƚƌĂĐĞůůƵůĂƌ�ZE�Ɛ�;Ŷǀ-ĞǆZE�ƐͿ�ĂƌĞ�ĂďƵŶĚĂŶƚ�ŝŶ�ĐĞůů-ĐŽŶĚŝƟŽŶĞĚ�ŵĞĚŝĂ�ĂŶĚ�ďŝŽŇƵŝĚƐ͕�ďƵƚ�ůŝƩůĞ�ŝƐ�ŬŶŽǁŶ�
ĂďŽƵƚ�ƚŚĞŝƌ�ƐƚĂďŝůŝƚǇ͕ �ĨƵŶĐƟŽŶ͕�ĂŶĚ�ƉŽƚĞŶƟĂů�ƵƐĞ�ĂƐ�ĚŝƐĞĂƐĞ�ďŝŽŵĂƌŬĞƌƐ͘�,ĞƌĞŝŶ͕�ǁĞ�ŵĞĂƐƵƌĞĚ�ƚŚĞ�ƐƚĂďŝůŝƚǇ�ŽĨ�ƐĞǀĞƌĂů�
ŶĂŬĞĚ�ZE�Ɛ�ǁŚĞŶ�ŝŶĐƵďĂƚĞĚ�ŝŶ�ŚƵŵĂŶ�ƐĞƌƵŵ͕�ƵƌŝŶĞ͕�ĂŶĚ�ĐĞƌĞďƌŽƐƉŝŶĂů�ŇƵŝĚ�;�^&Ϳ͘�tĞ�ŝĚĞŶƟĮĞĚ�ĞǆƚƌĂĐĞůůƵůĂƌůǇ�ƉƌŽĚƵĐĞĚ�
ƚZE�-ĚĞƌŝǀĞĚ�ƐŵĂůů�ZE�Ɛ�;ƚ�ZƐͿ�ǁŝƚŚ�ŚĂůĨ-ůŝǀĞƐ�ŽĨ�ƐĞǀĞƌĂů�ŚŽƵƌƐ�ŝŶ��^&͘ ��ŽŶƚƌĂƌǇ�ƚŽ�ǁŝĚĞƐƉƌĞĂĚ�ĂƐƐƵŵƉƟŽŶƐ͕�ƚŚĞƐĞ�
ŝŶƚƌŝŶƐŝĐĂůůǇ�ƐƚĂďůĞ�ƐŵĂůů�ZE�Ɛ�ĂƌĞ�Ĩull-ůĞŶŐƚŚ�ƚZE�Ɛ�ĐŽŶƚĂŝŶŝŶŐ�ďƌŽŬĞŶ�ƉŚŽƐƉŚŽĚŝĞƐƚĞƌ�ďŽŶĚƐ�;ŝ͘Ğ͕͘�ŶŝĐŬĞĚ�ƚZE�ƐͿ͘�
^ƚĂŶĚĂƌĚ�ŵŽůĞĐƵůĂƌ�ďŝŽůŽŐǇ�ƉƌŽƚŽĐŽůƐ͕�ŝŶĐůƵĚŝŶŐ�ƉŚĞŶŽů-ďĂƐĞĚ�ZE��ĞǆƚƌĂĐƟŽŶ�ĂŶĚ�ŚĞĂƚ͕�ŝŶĚƵĐĞ�ƚŚĞ�ĂƌƟĨĂĐƚƵĂů�
ĚĞŶĂƚƵƌĂƟŽŶ�ŽĨ�ŶŝĐŬĞĚ�ƚZE�Ɛ�ĂŶĚ�ƚŚĞ�ĐŽŶƐĞƋƵĞŶƚ�ŝŶ�ǀŝƚƌŽ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ƚ�ZƐ͘��ƌŽŬĞŶ�ďŽŶĚƐ�ĂƌĞ�ƌŽĂĚďůŽĐŬƐ�ĨŽƌ�ƌĞǀĞƌƐĞ�
ƚƌĂŶƐĐƌŝƉƚĂƐĞƐ͕�ƉƌĞǀĞŶƟŶŐ�ĂŵƉůŝĮĐĂƟŽŶ�ĂŶĚͬŽƌ�ƐĞƋƵĞŶĐŝŶŐ�ŽĨ�ŶŝĐŬĞĚ�ƚZE�Ɛ�ŝŶ�ƚŚĞŝƌ�ŶĂƟǀĞ�ƐƚĂƚĞ͘�dŽ�ƐŽůǀĞ�ƚŚŝƐ͕�ǁĞ�
ƉĞƌĨŽƌŵĞĚ�ĞŶǌǇŵĂƟĐ�ƌĞƉĂŝƌ�ŽĨ�ŶŝĐŬĞĚ�ƚZE�Ɛ�ƉƵƌŝĮĞĚ�ƵŶĚĞƌ�ŶĂƟǀĞ�ĐŽŶĚŝƟŽŶƐ͕�ŚĂƌŶĞƐƐŝŶŐ�ƚŚĞ�ŝŶƚƌŝŶƐŝĐ�ĂĐƟǀŝƚǇ�ŽĨ�ƉŚĂŐĞ�
ĂŶĚ�ďĂĐƚĞƌŝĂů�ƚZE��ƌĞƉĂŝƌ�ƐǇƐƚĞŵƐ͘��ŶǌǇŵĂƟĐ�ƌĞƉĂŝƌ�ƌĞŐĞŶĞƌĂƚĞĚ�ĂŶ�ZEĂƐĞ�Z-ƌĞƐŝƐƚĂŶƚ�ƚZE�-ƐŝǌĞĚ�ďĂŶĚ�ŝŶ�ŶŽƌƚŚĞƌŶ�ďůŽƚ�
ĂŶĚ�ĞŶĂďůĞĚ�Zd-W�Z�ĂŵƉůŝĮĐĂƟŽŶ�ŽĨ�ĨƵůů-ůĞŶŐƚŚ�ƚZE�Ɛ͘�tĞ�ĂůƐŽ�ƐĞƉĂƌĂƚĞĚ�ŶŝĐŬĞĚ�ƚZE�Ɛ�ĨƌŽŵ�ƚ�ZƐ�ďǇ�ĐŚƌŽŵĂƚŽŐƌĂƉŚŝĐ�
ŵĞƚŚŽĚƐ�ƵŶĚĞƌ�ŶĂƟǀĞ�ĐŽŶĚŝƟŽŶƐ͕�ŝĚĞŶƟĨǇŝŶŐ�ŶŝĐŬĞĚ�ƚZE�Ɛ�ŝŶƐŝĚĞ�ƐƚƌĞƐƐĞĚ�ĐĞůůƐ�ĂŶĚ�ŝŶ�ǀĞƐŝĐůĞ-ĚĞƉůĞƚĞĚ�ŚƵŵĂŶ�ďŝŽŇƵŝĚƐ͘�
�ŝƐƐŽĐŝĂƟŽŶ�ŽĨ�ŶŝĐŬĞĚ�ƚZE�Ɛ�ƉƌŽĚƵĐĞƐ�ƐŝŶŐůĞ-ƐƚƌĂŶĚĞĚ�ƚ�ZƐ�ƚŚĂƚ�ĐĂŶ�ďĞ�ƐƉŽŶƚĂŶĞŽƵƐůǇ�ƚĂŬĞŶ�ƵƉ�ďǇ�ŚƵŵĂŶ�ĞƉŝƚŚĞůŝĂů�
ĐĞůůƐ͕�ƉŽƐŝƟŽŶŝŶŐ�ƐƚĂďůĞ�Ŷǀ-ĞǆZE�Ɛ�ĂƐ�ƉŽƚĞŶƟĂůůǇ�ƌĞůĞǀĂŶƚ�ƉůĂǇĞƌƐ�ŝŶ�ŝŶƚĞƌĐĞůůƵůĂƌ�ĐŽŵŵƵŶŝĐĂƟŽŶ�ƉĂƚŚǁĂǇƐ͘ 
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:ĂĐŬ�:ŝŶŐǇƵĂŶ �ŚĞŶŐ 
University of California, Davis 
 
DĞĂƐƵƌĞŵĞŶƚ�ŽĨ�ŚŝŐŚ-ĚĞŶƐŝƚǇ�ůŝƉŽƉƌŽƚĞŝŶ�ƉĂƌƟĐůĞ�ƐŝǌĞ�ŝŶ�ĐůŝŶŝĐĂů�ƐĂŵƉůĞƐ�ƵƐŝŶŐ�
ƚƌĂŶƐŵŝƐƐŝŽŶ�ĞůĞĐƚƌŽŶ�ŵŝĐƌŽƐĐŽƉĞ�ƉƌŽǀŝĚĞƐ�ďĞƩĞƌ�ƌĞƐŽůƵƟŽŶ�ĨŽƌ�ƉĂƌƟĐůĞ�ƐŝǌĞ�ĂŶĚ�
ƐƵďŐƌŽƵƉ�ĂŶĂůǇƐŝƐ 
:ĂĐŬ�:ŝŶŐǇƵĂŶ��ŚĞŶŐϭ͕��ƌŝĂŶ�sĂŶŶĂŬ�,ŽŶŐϭ͕�:ŽĂŶŶĞ�<͘��ŐƵƐϭ͕�yŝŶǇƵ�dĂŶŐϭ͕�EŽůĂ�<ůĞďĂŶĞƌϭ͕�&Ğŝ�'ƵŽϮ͕��ĂƌůŝƚŽ��͘�>ĞďƌŝůůĂϯ͕�
/ǌƵŵŝ�DĂĞǌĂǁĂϰ͕�>ĞĞ-tĂǇ�:ŝŶŐϰ͕��ŶŐĞůĂ�D͘��ŝǀŬŽǀŝĐϭ 
ϭ͘�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕��ĂǀŝƐ͕��ĞƉĂƌƚŵĞŶƚ�ŽĨ�EƵƚƌŝƟŽŶ͘���͕�ϵϱϲϭϲ͕�h^�͘ 
Ϯ͘�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕��ĂǀŝƐ͕��ĞƉĂƌƚŵĞŶƚ�ŽĨ�DŽůĞĐƵůĂƌ�ĂŶĚ��ĞůůƵůĂƌ��ŝŽůŽŐǇ͘���͕�ϵϱϲϭϲ͕�h^�͘ 
ϯ͘�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕��ĂǀŝƐ͕��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝƐƚƌǇ͘���͕�ϵϱϲϭϲ͕�h^�͘ 
ϰ͘�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕��ĂǀŝƐ͕��ĞƉĂƌƚŵĞŶƚ�ŽĨ�WĂƚŚŽůŽŐǇ�ĂŶĚ�>ĂďŽƌĂƚŽƌǇ�DĞĚŝĐŝŶĞ͕�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕����ϵϱϴϭϳ͕�h^� 
 
/ŶƚƌŽĚƵĐƟŽŶ͗�sĂƌŝŽƵƐ�ƚĞĐŚŶŽůŽŐŝĞƐ�ĞǆŝƐƚ�ĨŽƌ�ĂƐƐĞƐƐŝŶŐ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ�ĂŶĚ�ƉĂƌƟĐůĞ�ƐŝǌĞ͘�EĞŐĂƟǀĞ-stain transmission 
ĞůĞĐƚƌŽŶ�ŵŝĐƌŽƐĐŽƉǇ�;E^-d�DͿ�ĂůůŽǁƐ�ĚŝƌĞĐƚ�ǀŝƐƵĂůŝǌĂƟŽŶ�ĂŶĚ�ƉƌĞĐŝƐĞ�ƐŝǌĞ�ƋƵĂŶƟĮĐĂƟŽŶ�ŽĨ�ŝŶĚŝǀŝĚƵĂů�ƉĂƌƟĐůĞƐ͕�ĨĞĂƚƵƌĞƐ�
that are not oďƚĂŝŶĂďůĞ�ďǇ�ŵŽƐƚ�ŽƚŚĞƌ�ƐŝǌŝŶŐ�ŵĞƚŚŽĚƐ͘�zĞƚ�ŝƚ�ŝƐ�ƌĂƌĞůǇ�ƵƐĞĚ�ŝŶ�Ă�ĐůŝŶŝĐĂů�ƐĐĂůĞ͕�ŵĂŝŶůǇ�ĨŽƌ�ŝƚƐ�ůĂďŽƌŝŽƵƐ�
ƉƌŽĐĞĚƵƌĞƐ�ĂŶĚ�ƚƌĂŝŶŝŶŐ�ƌĞƋƵŝƌĞŵĞŶƚƐ͘� 

DĞƚŚŽĚƐ͗�/Ŷ�ƚŚŝƐ�ƐƚƵĚǇ͕ �ǁĞ�ƌĞƉŽƌƚ�ƚŚĞ�ƵƐĞ�ĂŶ�E^-d�D�ƉƌŽƚŽĐŽů�ƚŽ�ƋƵĂŶƟĨǇ�ŚŝŐŚ-ĚĞŶƐŝƚǇ�ůŝƉŽƉƌŽƚĞŝŶ�;,�>Ϳ�ƉĂƌƟcles 
ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ŚƵŵĂŶ�ƐƵďũĞĐƚƐ�ǁŝƚŚ��ůǌŚĞŝŵĞƌ Ɛ͛�ĚŝƐĞĂƐĞ�;��Ϳ͕�ǁŝƚŚ�ŵŝůĚ�ĐŽŐŶŝƟǀĞ�ŝŵƉĂŝƌŵĞŶƚ�;D�/Ϳ͕�ĂŐĞ-ŵĂƚĐŚĞĚ�
ǁŝƚŚŽƵƚ�ĚĞŵĞŶƟĂ�;ĂŐĞ-�ŽŶƚƌŽůͿ͕�Žƌ�ǇŽƵŶŐ�ǁŝƚŚŽƵƚ�ĚĞŵĞŶƟĂ�;�ŽŶƚƌŽůͿ͘�tŝƚŚ�ĂƉƉƌŽǀĂů�ĨƌŽŵ�ƚŚĞ�h���/ŶƐƟƚƵƟŽŶĂů�ZĞǀŝĞǁ�
�ŽĂƌĚ͕�ƐĂŵƉůĞƐ�ǁĞƌĞ�ĐŽůůĞĐƚĞĚ�ĨƌŽŵ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕��ĂǀŝƐ�;h��Ϳ��ůǌŚĞŝŵĞƌ Ɛ͛��ŝƐĞĂƐĞ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ�
�ŝŽƌĞƉŽƐŝƚŽƌǇ�ǁŝƚŚ�ƉĂƌƟĐŝƉĂŶƚ�ĐŽŶƐĞŶƚƐ͕�ĂŶĚ�ĨƌŽŵ�ƚŚĞ�ZĂŐůĞ�,ƵŵĂŶ�EƵƚƌŝƟŽŶ��ĞŶƚĞƌ͕ �h��͘�,�>�ƐĂŵƉůĞƐ�ǁĞƌĞ�ŝƐŽůĂƚĞĚ�
ĨƌŽŵ�ƉůĂƐŵĂ�ƵƐŝŶŐ�ĚĞŶƐŝƚǇ-ĂĚũƵƐƚĞĚ�ƵůƚƌĂ-ĐĞŶƚƌŝĨƵŐĂƟŽŶ�ĨŽůůŽǁĞĚ�ďǇ�ƐŝǌĞ-ĞǆĐůƵƐŝŽŶ�ĐŚƌŽŵĂƚŽŐƌĂƉŚǇ͘�^ĂŵƉůĞƐ�ǁĞƌĞ�
ŶĞŐĂƟǀĞůǇ-ƐƚĂŝŶĞĚ�ƵƐŝŶŐ�Ϯй�ƵƌĂŶǇů�ĨŽƌŵĂƚĞ�ĂŶĚ�ǀŝĞǁĞĚ�ƵƐŝŶŐ�Ă�:�K>�ϭϮϯϬ�ŵŽĚĞů�d�D�Ăƚ�ϰϬŬ�ŵĂŐŶŝĮĐĂƟŽŶ͕�ϭϮϬ�Ŭs͘ �
DŝĐƌŽŐƌĂƉŚƐ�ǁĞƌĞ�ŽďƚĂŝŶĞĚ�ƵƐŝŶŐ�ďŽƩŽŵ-ŵŽƵŶƚĞĚ��ĞƚĂ�ĐĂŵĞƌĂ�;ϰŬ�п�ϰŬ�ƉŝǆĞůƐͿ�ĂŶĚ�ƉĂƌƟĐůĞ�ƐŝǌĞ�ĂŶĂůǇǌĞĚ�ƵƐŝŶŐ�/ŵĂŐĞ:�
ƐŽŌǁĂƌĞ͘�dŚĞ�ƐŝǌĞ�ĚĂƚĂ�ĨƌŽŵ�E^-d�D�ƚŽ�ƚŚĂƚ�ƌĞƉŽƌƚĞĚ�ďǇ�ĚǇŶĂŵŝĐ�ůŝŐŚƚ�ƐĐĂƩĞƌŝŶŐ�;�>^Ϳ͕�Ă�ĐŽŵŵŽŶůǇ�ƵƐĞĚ�ƐŝǌŝŶŐ�ŵĞƚŚŽĚ͕�
ĂŶĚ�ƵůƚƌĂǀŝŽůĞƚ�ůŝŐŚƚ�ĂďƐŽƌƉƟŽŶ�ǁĞƌĞ�ĐŽŵƉĂƌĞĚ͘� 

ZĞƐƵůƚƐ͗�WĂƌƟĐůĞ�ƐŝǌĞ�ƌĞƐƵůƚƐ�ƌĞƉŽƌƚĞĚ�ďǇ�E^-d�D�ŚĂǀĞ�ŚŝŐŚĞƌ�ƌĞƉĞĂƚĂďŝůŝƚǇ�ƚŚĂŶ��>^�;ŝŶƚĞƌ-ƌƵŶ��s�ŽĨ�Ϭ͘ϯϰй�ǀƐ͘�Ϯ͘ϴй�ĨŽƌ�
ƐŝǌĞ�ƐƚĂŶĚĂƌĚƐ͕�ĂŶĚ�ϯ͘ϱϬϯй�ǀƐ͘�ϭϬ͘ϰϯй�ĨŽƌ�ďŝŽůŽŐŝĐĂů�ƐĂŵƉůĞƐ͕�ƌĞƐƉĞĐƟǀĞůǇͿ͘�WĂƌƟĐůĞ�ƐŝǌĞ�ĚŝƐƚƌŝďƵƟŽŶƐ�ŽĨ�,�>�ƐŚŽǁĞĚ�ƚŚĂƚ�
ƐƉĞĐŝĮĐ�ƐƵďŐƌŽƵƉƐ�ŚĂĚ�ĚŝīĞƌĞŶƚ�ĂďƵŶĚĂŶĐĞ�ďĞƚǁĞĞŶ�ƚŚĞ���͕�D�/͕�ĂŐĞ-�ŽŶƚƌŽů͕�ĂŶĚ�ƚŚĞ��ŽŶƚƌŽů�ŐƌŽƵƉƐ�ƚŚĂƚ�ǁĞƌĞ�ŶŽƚ�
ŽďƐĞƌǀĂďůĞ�ďǇ�ŽƚŚĞƌ�ƐŝǌŝŶŐ�ƚĞĐŚŶŝƋƵĞƐ͘� 

�ŽŶĐůƵƐŝŽŶ͗�tĞ�ƌĞĂƐŽŶ�ƚŚĂƚ�E^-d�D�ƉƌŽǀŝĚĞƐ�ŚŝŐŚ�ƌĞƐŽůƵƟŽŶ�ĚĂƚĂ͕�ŝƐ�ůĞƐƐ�ĐŽŶĨŽƵŶĚĞĚ�ďǇ�ƌĂŶĚŽŵ�ĂŶĚ�ĚŝƌĞĐƟŽŶĂů�ĞīĞĐƚƐ�
ĐŽŵŵŽŶ�ŝŶ�ŽƚŚĞƌ�ƐŝǌŝŶŐ�ŵĞƚŚŽĚƐ͕�ĂŶĚ�ƐŚŽƵůĚ�ƚŚĞƌĞĨŽƌĞ�ďĞ�ƉƌĂĐƟĐĞĚ�ŵŽƌĞ�ĨƌĞƋƵĞŶƚůǇ�ŝŶ�,�>�ƉĂƌƟĐůĞ�ƐŝǌĞ�ƐƚƵĚŝĞƐ͘� 

&ƵŶĚŝŶŐ͗�dŚŝƐ�ƌĞƐĞĂƌĐŚ�ŝƐ�ƐƵƉƉŽƌƚĞĚ�ďǇ�dŚŝƐ�ƉƌŽũĞĐƚ�ǁĂƐ�ĨƵŶĚĞĚ�ďǇ�E/,�'ƌĂŶƚ�ZϬϭ�'ϬϲϮϮϰϬ͘� 
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�ŬĂŶŬƐŚĂ Arora 
/ŶĚƌĂƉƌĂƐƚŚĂ�/ŶƐƟƚƵƚĞ�ŽĨ�/ŶĨŽƌŵĂƟŽŶ�dĞĐŚŶŽůŽŐǇ�;///dͿ 
 
^ĂůŝǀĂ���- ��ĐŽŵƉƌĞŚĞŶƐŝǀĞ�ĚĂƚĂďĂƐĞ�ĨŽƌ�ƐĂůŝǀĂƌǇ�ďŝŽŵĂƌŬĞƌƐ�ŝŶ�ŚƵŵĂŶƐ 
�ŬĂŶŬƐŚĂ��ƌŽƌĂ͕��ĂƐŚůĞĞŶ�<ĂƵƌ͕ �^ƵŵĞĞƚ�WĂƟǇĂ͕��ŝůƌĂũ�<ĂƵƌ͕ �ZŝƚƵ�dŽŵĞƌ͕ �'ĂũĞŶĚƌĂ�W͘ �^͘�ZĂŐŚĂǀĂ 
/ŶĚƌĂƉƌĂƐƚŚĂ�/ŶƐƟƚƵƚĞ�ŽĨ�/ŶĨŽƌŵĂƟŽŶ�dĞĐŚŶŽůŽŐǇ͕ ��ĞůŚŝ͕�/ŶĚŝĂ 
 
�ĂĐŬŐƌŽƵŶĚ�ĂŶĚ�ŽďũĞĐƟǀĞ͗�^ĂůŝǀĂ�ĂƐ�Ă�ŶŽŶ-ŝŶǀĂƐŝǀĞ�ĚŝĂŐŶŽƐƟĐ�ŇƵŝĚ�ŚĂƐ�ŝŵŵĞŶƐĞ�ƉŽƚĞŶƟĂů�ĂƐ�Ă�ƚŽŽů�ĨŽƌ�ĞĂƌůǇ�ĚŝĂŐŶŽƐŝƐ�
ĂŶĚ�ƉƌŽŐŶŽƐŝƐ�ŽĨ�ƉĂƟĞŶƚƐ͘�dŚĞ�ŝŶĨŽƌŵĂƟŽŶ�ĂďŽƵƚ�ƐĂůŝǀĂƌǇ�ďŝŽŵĂƌŬĞƌƐ�ŝƐ�ďƌŽĂĚůǇ�ƐĐĂƩĞƌĞĚ�ĂĐƌŽƐƐ�ǀĂƌŝŽƵƐ�ƌĞƐŽƵƌĐĞƐ�ĂŶĚ�
ƌĞƐĞĂƌĐŚ�ƉĂƉĞƌƐ͘�/ƚ�ŝƐ�ŝŵƉŽƌƚĂŶƚ�ƚŽ�ďƌŝŶŐ�ƚŽŐĞƚŚĞƌ�Ăůů�ƚŚĞ�ŝŶĨŽƌŵĂƟŽŶ�ŽŶ�ƐĂůŝǀĂƌǇ�ďŝŽŵĂƌŬĞƌƐ�ƚŽ�Ă�ƐŝŶŐůĞ�ƉůĂƞŽƌŵ͘�dŚŝƐ�ǁŝůů 
ĂĐĐĞůĞƌĂƚĞ�ƌĞƐĞĂƌĐŚ�ĂŶĚ�ĚĞǀĞůŽƉŵĞŶƚ�ŝŶ�ŶŽŶ-ŝŶǀĂƐŝǀĞ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ƉƌŽŐŶŽƐŝƐ�ŽĨ�ĐŽŵƉůĞǆ�ĚŝƐĞĂƐĞƐ͘ 

DĞƚŚŽĚƐ͗�tĞ�ĐŽůůĞĐƚĞĚ�ǁŝĚĞƐƉƌĞĂĚ�ŝŶĨŽƌŵĂƟŽŶ�ŽŶ�ĮǀĞ�ƚǇƉĞƐ�ŽĨ�ƐĂůŝǀĂƌǇ�ďŝŽŵĂƌŬĞƌƐ�– ƉƌŽƚĞŝŶƐ͕�ŵĞƚĂďŽůŝƚĞƐ͕�ŵŝĐƌŽďĞƐ͕�
ŵŝZE�͕�ĂŶĚ�ŐĞŶĞƐ�ĨŽƵŶĚ�ŝŶ�ŚƵŵĂŶƐ͘�dŚŝƐ�ŝŶĨŽƌŵĂƟŽŶ�ǁĂƐ�ĐŽůůĞĐƚĞĚ�ĨƌŽŵ�ĚŝīĞƌĞŶƚ�ƌĞƐŽƵƌĐĞƐ�ƚŚĂƚ�ŝŶĐůƵĚĞ�WƵďDĞĚ͕�
,D���ĂŶĚ�^ĂůŝǀĂdĞĐ��͘ 

ZĞƐƵůƚƐ͗�KƵƌ�ĚĂƚĂďĂƐĞ�^ĂůŝǀĂ���ĐŽŶƚĂŝŶƐ�Ă�ƚŽƚĂů�ŽĨ�ϭϱϴϮϭ�ĞŶƚƌŝĞƐ�ĨŽƌ�ϮϬϭ�ĚŝīĞƌĞŶƚ�ĚŝƐĞĂƐĞƐ�ĂŶĚ�ϰϴ�ĚŝƐĞĂƐĞ�ĐĂƚĞŐŽƌŝĞƐ͘�
dŚĞƐĞ�ĞŶƚƌŝĞƐ�ĐĂŶ�ďĞ�ĐůĂƐƐŝĮĞĚ�ŝŶƚŽ�ĮǀĞ�ĐĂƚĞŐŽƌŝĞƐ�ďĂƐĞĚ�ŽŶ�ƚǇƉĞ�ŽĨ�ďŝŽŵŽůĞĐƵůĞƐ͖�ϲϬϲϳ͕�ϯϵϴϳ͕�ϮϵϬϵ͕�ϮϮϳϮ͕�ĂŶĚ�ϱϴϲ�
ĞŶƚƌŝĞƐ�ďĞůŽŶŐ�ƚŽ�ƉƌŽƚĞŝŶƐ͕�ŵĞƚĂďŽůŝƚĞƐ͕�ŵŝĐƌŽďĞƐ͕�ŵŝZE�Ɛ͕�ĂŶĚ�ŐĞŶĞƐ�ƌĞƐƉĞĐƟǀĞůǇ͘�dŚĞ�ŝŶĨŽƌŵĂƟŽŶ�ŵĂŝŶƚĂŝŶĞĚ�ŝŶ�ƚŚŝƐ�
ĚĂƚĂďĂƐĞ�ŝŶĐůƵĚĞƐ�ĂŶĂůǇƐŝƐ�ŵĞƚŚŽĚƐ͕�ĂƐƐŽĐŝĂƚĞĚ�ĚŝƐĞĂƐĞƐ͕�ďŝŽŵĂƌŬĞƌ�ƚǇƉĞ͕�ƌĞŐƵůĂƟŽŶ�ƐƚĂƚƵƐ͕�ĞǆŽƐŽŵĂů�ŽƌŝŐŝŶ͕�ĨŽůĚ�
ĐŚĂŶŐĞ͕�ĂŶĚ�ƐĞƋƵĞŶĐĞ͘�dŚĞ�ĞŶƚƌŝĞƐ�ĂƌĞ�ůŝŶŬĞĚ�ƚŽ�ƌĞůĞǀĂŶƚ�ďŝŽůŽŐŝĐĂů�ĚĂƚĂďĂƐĞƐ�ƚŽ�ƉƌŽǀŝĚĞ�ƵƐĞƌƐ�ǁŝƚŚ�ĐŽŵƉƌĞŚĞŶƐŝǀĞ�
ŝŶĨŽƌŵĂƟŽŶ͘�tĞ�ĚĞǀĞůŽƉĞĚ�Ă�ǁĞď-ďĂƐĞĚ�ŝŶƚĞƌĨĂĐĞ�ƚŚĂƚ�ƉƌŽǀŝĚĞƐ�Ă�ǁŝĚĞ-ƌĂŶŐĞ�ŽĨ�ŽƉƟŽŶƐ�ůŝŬĞ�ďƌŽǁƐĞ͕�ŬĞǇǁŽƌĚ�ƐĞĂƌĐŚ͕�
ĂŶĚ�ĂĚǀĂŶĐĞĚ�ƐĞĂƌĐŚ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�Ă�ƐŝŵŝůĂƌŝƚǇ�ƐĞĂƌĐŚ�ŵŽĚƵůĞ�ŚĂƐ�ďĞĞŶ�ŝŶƚĞŐƌĂƚĞĚ�ƚŚĂƚ�ĂůůŽǁƐ�ƵƐĞƌƐ�ƚŽ�ƉĞƌĨŽƌŵ�Ă�
ƐŝŵŝůĂƌŝƚǇ�ƐĞĂƌĐŚ�ƵƐŝŶŐ��>�^d�ĂŶĚ�^ŵŝƚŚ-tĂƚĞƌŵĂŶ�ĂŐĂŝŶƐƚ�ďŝŽŵĂƌŬĞƌ�ƐĞƋƵĞŶĐĞƐ�ŝŶ�^ĂůŝǀĂ��͘ 

�ŽŶĐůƵƐŝŽŶƐ͗�tĞ�ĐƌĞĂƚĞĚ�Ă�ǁĞď-ďĂƐĞĚ�ĚĂƚĂďĂƐĞ�– ^ĂůŝǀĂ��͕�ǁŚŝĐŚ�ƉƌŽǀŝĚĞƐ�ŝŶĨŽƌŵĂƟŽŶ�ĂďŽƵƚ�^ĂůŝǀĂƌǇ��ŝŽŵĂƌŬĞƌƐ�ĨŽƵŶĚ�
ŝŶ�ŚƵŵĂŶƐ͘���ǁŝĚĞ-ƌĂŶŐĞ�ŽĨ�ǁĞď-ďĂƐĞĚ�ĨĂĐŝůŝƟĞƐ�ŚĂǀĞ�ďĞĞŶ�ŝŶƚĞŐƌĂƚĞĚ�ƚŽ�ƉƌŽǀŝĚĞ�ƐĞƌǀŝĐĞƐ�ƚŽ�ƚŚĞ�ƐĐŝĞŶƟĮĐ�ĐŽŵŵƵŶŝƚǇ͘�
^ĂůŝǀĂ���ŝƐ�ĨƌĞĞůǇ�ĂǀĂŝůĂďůĞ�Ăƚ�- ŚƩƉƐ͗ͬͬǁĞďƐ͘ŝŝŝƚĚ͘ĞĚƵ͘ŝŶͬƌĂŐŚĂǀĂͬƐĂůŝǀĂĚďͬ 
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dŚĂŵĂƌĂ �ĂǇĂƌĂƚŚŶĂ 
EĂƟŽŶǁŝĚĞ��ŚŝůĚƌĞŶΖƐ�,ŽƐƉŝƚĂů 
 
DƵůƟƉĂƌĂŵĞƚƌŝĐ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ƉŽůĂƌŝǌĞĚ�ŵŝĐƌŽŐůŝĂů-ĚĞƌŝǀĞĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�
ǀĞƐŝĐůĞ�;�sͿ�ŵZE��ĐĂƌŐŽ͗�ƐŚĞĚĚŝŶŐ�ŶĞǁ�ůŝŐŚƚ�ŽŶ�ŶĞƵƌŽŝŵŵƵŶĞ�ĐƌŽƐƐƚĂůŬ 
dŚĂŵĂƌĂ��ĂǇĂƌĂƚŚŶĂϭ͕�WĂŽůĂ�>ŽƌĞƚŽ�WĂůĂĐŝŽϭ͕�DŝĐŚĂĞů�WĂƌƚŚƵŶϮ͕�DŝƌĞŝĂ�'ƵĞƌĂƵ-ĚĞ-�ƌĞůůĂŶŽϮ͕��ƌĂĚůĞǇ��ƵƚƐĐŚϭ͕�<ŝŵ�dƌƵĐ�
EŐƵǇĞŶϮ͕��ĚƵĂƌĚŽ�ZĞĄƚĞŐƵŝϮ͕�^ĞƩǇ�D͘�DĂŐĂŹĂϭΎ 
ϭ͘�dƌĂŶƐůĂƟŽŶĂů�EĞƵƌŽŝŵŵƵŶŽůŽŐǇ͕ ��ĞŶƚĞƌ�ĨŽƌ��ůŝŶŝĐĂů�ĂŶĚ�dƌĂŶƐůĂƟŽŶĂů�ZĞƐĞĂƌĐŚ͕�EĂƟŽŶǁŝĚĞ��ŚŝůĚƌĞŶ Ɛ͛�,ŽƐƉŝƚĂů͕�KŚŝŽ͕�
K,� 
Ϯ͘�^ĐŚŽŽů�ŽĨ�,ĞĂůƚŚ�ĂŶĚ�ZĞŚĂďŝůŝƚĂƟŽŶ�^ĐŝĞŶĐĞƐ͕�dŚĞ�KŚŝŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �KŚŝŽ͕�K,� 
ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽŵĞĚŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�dŚĞ�KŚŝŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �KŚŝŽ͕�K, 
 
 
�ĂĐŬŐƌŽƵŶĚ͗�DŝĐƌŽŐůŝĂ�ĂƌĞ�ƚŚĞ�ƌĞƐŝĚĞŶƚ�ŵĂĐƌŽƉŚĂŐĞƐ�ŽĨ�ƚŚĞ�ĐĞŶƚƌĂů�ŶĞƌǀŽƵƐ�ƐǇƐƚĞŵ�;�E^Ϳ�ĂŶĚ�ĂƌĞ�ŬĞǇ�ƌĞŐƵůĂƚŽƌƐ�ŽĨ�
ŶĞƵƌŽŝŶŇĂŵŵĂƟŽŶ͘�DŝĐƌŽŐůŝĂ�ĂƌĞ�ĐĂƉĂďůĞ�ŽĨ�ƌĞůĞĂƐŝŶŐ �sƐ—ŚŽǁĞǀĞƌ͕ �ƚŚĞ�ƌŽůĞ�ŽĨ�ŵŝĐƌŽŐůŝĂů��sƐ�ŝŶ�ƉƌŽƉĂŐĂƟŶŐ��E^�
ŶĞƵƌŽŝŶŇĂŵŵĂƟŽŶ�ŝƐ�ŶŽƚ�ĨƵůůǇ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ͘�/ŶĐƌĞĂƐŝŶŐ�ŽƵƌ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ŵŝĐƌŽŐůŝĂů��s�ĂŶĚ��s-ŵZE��ĐĂƌŐŽ�ĐĂŶ�ƐŚĞĚ�
ůŝŐŚƚ�ŽŶ�ŵĞĐŚĂŶŝƐŵƐ�ŽĨ�ŶĞƵƌŽŝŵŵƵŶĞ�ĐƌŽƐƐƚĂůŬ�ĂŶĚ�ŚĞůƉ�ĞǆƉĂŶĚ�ƚŚĞ�ƚŚĞƌĂƉĞƵƟĐ�ůĂŶĚƐĐĂƉĞ͘�dŚĞ�ŽďũĞĐƟǀĞƐ�ŽĨ�ƚŚŝƐ�ƐƚƵĚǇ�
ĂƌĞ�ϭͿ�ƚŽ�ĞǆƉůŽƌĞ�ƚŚĞ�ŵZE��ƌĞƉĞƌƚŽŝƌĞ�ŝŶ�ĐĞůůƵůĂƌ�ǀƐ͘��sƐ�ĨƌŽŵ�ƉŽůĂƌŝǌĞĚ�ŵŝĐƌŽŐůŝĂ�ĂŶĚ�ŵĂĐƌŽƉŚĂŐĞƐ�ϮͿ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ŝĨ��sƐ�
ƐĞĐƌĞƚĞĚ�ĨƌŽŵ�ƉŽůĂƌŝǌĞĚ�ĐĞůůƐ�;ŝ͘Ğ͘�ƉƌŽ- Žƌ�ĂŶƟ-ŝŶŇĂŵŵĂƚŽƌǇ�ƉŚĞŶŽƚǇƉĞͿ�ĐĂŶ�ŵŽĚƵůĂƚĞ�ƚŚĞ�ƉŽůĂƌŝǌĂƟŽŶ�ŽĨ�ƌĞƐƟŶŐ�
ŵŝĐƌŽŐůŝĂ�Žƌ�ŵĂĐƌŽƉŚĂŐĞƐ͕�ϯͿ�ƚŽ�ĞƐƚĂďůŝƐŚ��s-ƉƌŽ�ĂŶĚ�ĂŶƟ-ŝŶŇĂŵŵĂƚŽƌǇ�ƉŽƐŝƟǀĞ�ĐŽŶƚƌŽůƐ�ĨŽƌ�ĨƵƚƵƌĞ�ƐƚƵĚŝĞƐ͘�� 

DĞƚŚŽĚƐ͗�dǁŽ�ŵĂĐƌŽƉŚĂŐĞ�ĐĞůů�ůŝŶĞƐ�ǁĞƌĞ�ƵƟůŝǌĞĚ�ŝŶ�ƚŚŝƐ�ƐƚƵĚǇ�;,D�ϯ—ŵŝĐƌŽŐůŝĂ͖�d,Wϭ—ŵĂĐƌŽƉŚĂŐĞͿ͘��ŽƚŚ�ĐĞůů�ůŝŶĞƐ�
ǁĞƌĞ�ƉŽůĂƌŝǌĞĚ�ŝŶƚŽ�Dϭ�ĂŶĚ�DϮ�ƉŚĞŶŽƚǇƉĞƐ�ƵƐŝŶŐ�/&EǇͬ>W^�ĂŶĚ�/>-ϭϬͬ/>-ϰ�ƌĞƐƉĞĐƟǀĞůǇ͘��ĞůůƐ�ĂŶĚ��s�ZE��ǁĞƌĞ�ĂŶĂůǇǌĞĚ�
ǀŝĂ�Zd-ƋW�Z�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ůĞǀĞůƐ�ŽĨ�Dϭ�ĂŶĚ�DϮ�ƌĞůĂƚĞĚ�ŐĞŶĞƐ͘��ĞůůƐ�ǁĞƌĞ�ĂůƐŽ�ĂŶĂůǇǌĞĚ�ǀŝĂ�ŝŵŵƵŶŽďůŽƫŶŐ�
ĂŶĚ�ŝŵŵƵŶŽĐǇƚŽĐŚĞŵŝƐƚƌǇ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�Dϭ�ĂŶĚ�DϮ�ŵĂƌŬĞƌƐ͘��sƐ�ǁĞƌĞ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ŵŝĐƌŽŐůŝĂ�ĂŶĚ�
ŵĂĐƌŽƉŚĂŐĞ�ĐĞůů�ĐƵůƚƵƌĞ�ŵĞĚŝĂ�ƵƐŝŶŐ�ƚĂŶŐĞŶƟĂů�ŇŽǁ�ĮůƚƌĂƟŽŶ�;d&&Ϳ͘�DŝĐƌŽŇƵŝĚŝĐ�ƌĞƐŝƐƟǀĞ�ƉƵůƐĞ�ƐĞŶƐŝŶŐ�;DZW^Ϳ�
ŵĞĂƐƵƌĞĚ�ƉĂƌƟĐůĞ�ƐŝǌĞ�ĂŶĚ�ĐŽŶĐĞŶƚƌĂƟŽŶ͘��sƐ�ŵĂƌŬĞƌƐ�ǁĞƌĞ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ǀŝĂ�ŝŵŵƵŶŽďůŽƫŶŐ�ĂŶĚ��ǆŽǀŝĞǁ͘��s�
ŵŽƌƉŚŽůŽŐǇ�ǁĂƐ�ĂƐƐĞƐƐĞĚ�ďǇ�ƚƌĂŶƐŵŝƐƐŝŽŶ�ĞůĞĐƚƌŽŶ�ŵŝĐƌŽƐĐŽƉǇ�;d�DͿ͘ 

ZĞƐƵůƚƐ͗�DŝĐƌŽŐůŝĂů�ĂŶĚ�ŵĂĐƌŽƉŚĂŐĞ�ƉŽůĂƌŝǌĂƟŽŶ�ƌĞƐƵůƚĞĚ�ŝŶ�ŝŶĐƌĞĂƐĞĚ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ĞǆƉĞĐƚĞĚ�Dϭ�ĂŶĚ�DϮ�ŐĞŶĞƐ�ĂŶĚ�
ƉƌŽƚĞŝŶƐ͘�dŚĞ�d,Wϭ�ĐĞůůƐ�ǁĞƌĞ�ŵŽƌĞ�ĐŽŶƐŝƐƚĞŶƚ�ĂŶĚ�ƌĞƉƌŽĚƵĐŝďůĞ͘��sƐ�ĨƌŽŵ�Dϭ�ĂŶĚ�DϮ�ŵŝĐƌŽŐůŝĂ�ĂŶĚ�ŵĂĐƌŽƉŚĂŐĞ�
ĐŽŶĚŝƟŽŶĞĚ�ŵĞĚŝĂ�ĞǆŚŝďŝƚĞĚ�ĐůĂƐƐŝĐ��s�ŵĂƌŬĞƌƐ�ĂŶĚ�DϭͬDϮ�ĐĂŶĚŝĚĂƚĞƐ͘�d�D�ĚĞŵŽŶƐƚƌĂƚĞĚ�Ă�ĐƵƉ-ƐŚĂƉĞĚ�ŵŽƌƉŚŽůŽŐǇ�
ĐŚĂƌĂĐƚĞƌŝƐƟĐ�ŽĨ��sƐ͘��Ž-ĐƵůƚƵƌĞƐ�ŽĨ��sƐ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�Dϭ�ĂŶĚ�DϮ�ĐĞůůƐ�ǁŝƚŚ�ƌĞƐƟŶŐ�ŵĂĐƌŽƉŚĂŐĞƐ�ĂŶĚ�ŵŝĐƌŽŐůŝĂ�ǁŝůů�ďĞ�
ŝŶǀĞƐƟŐĂƚĞĚ͘��ƌŽƐƐ-ǀĂůŝĚĂƟŽŶ�ŽĨ��s�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ǀŝĂ��ǆŽǀŝĞǁ�ĂŶĚ�DZW^�ĂƌĞ�ŽŶŐŽŝŶŐ͘��Ž-ĐƵůƚƵƌĞƐ�ǁŝƚŚ�ƉŽůĂƌŝǌĞĚ��sƐ�
ǁŝůů�ĨŽůůŽǁ͘� 

�ŽŶĐůƵƐŝŽŶƐ͗�/Ŷ�ƚŚŝƐ�ƐƚƵĚǇ͕ �ǁĞ�ƉĞƌĨŽƌŵĞĚ�ŵƵůƟƉĂƌĂŵĞƚƌŝĐ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ �sƐ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�ŵŝĐƌŽŐůŝĂ�ĂŶĚ�
ŵĂĐƌŽƉŚĂŐĞ�ĐĞůů�ůŝŶĞƐ͘��ǆƉůŽƌĂƟŽŶ�ŽĨ��s�ǀƐ͘�ĐĞůůƵůĂƌ�ŵZE��ĂŶĚ�ƉƌŽƚĞŝŶ�ƚĂƌŐĞƚƐ�ǁŝůů�ƐŚĞĚ�ůŝŐŚƚ�ŽŶ�ƚŚĞ�ƉŽƚĞŶƟĂů�ƌŽůĞ�ŽĨ�
ŵĂĐƌŽƉŚĂŐĞ�ĚĞƌŝǀĞĚ��sƐ�ŝŶ�ƉƌŽƉĂŐĂƟŶŐ�ŶĞƵƌŽŝŶŇĂŵŵĂƟŽŶ͘��Ž-ĐƵůƚƵƌĞƐ�ŽĨ�ƉŽůĂƌŝǌĞĚ��sƐ�ǁŝƚŚ�ƌĞƐƟŶŐ�ŵĂĐƌŽƉŚĂŐĞƐ�ǁŝůů�
ĂůůŽǁ�ŝŶǀĞƐƟŐĂƟŽŶ�ŽĨ�ƚŚĞ�ŝŵŵƵŶŽŵŽĚƵůĂƚŽƌǇ�ƌŽůĞ�ŽĨ�Dϭ�ĂŶĚ�DϮ��sƐ͘�>ĂƐƚůǇ͕ �ĞƐƚĂďůŝƐŚŵĞŶƚ�ŽĨ�Dϭ�ĂŶĚ�DϮ�ƉŚĞŶŽƚǇƉĞ��s�
ƉŽƐŝƟǀĞ�ĐŽŶƚƌŽůƐ�ǁŝůů�ŝŶĐƌĞĂƐĞ�ƌĞƉƌŽĚƵĐŝďŝůŝƚǇ�ŽĨ�ƐƵďƐĞƋƵĞŶƚ�ƐƚƵĚŝĞƐ͘ 
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:ƵůŝĂ �ĞŶŶŝƐƐ 
EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ŽĨ�EĞƵƌŽůŽŐŝĐĂů��ŝƐŽƌĚĞƌƐ�ĂŶĚ�^ƚƌŽŬĞ 
 
�ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ-ĚĞƌŝǀĞĚ�,/s�ZE��ŝŶ��^&�ĂŶĚ�ƐĞƌƵŵ�ƌĞƐĞƌǀŽŝƌƐ�ĂŶĚ�ŝƚƐ�ƌŽůĞ�ŝŶ�
ŵĞĚŝĂƟŶŐ�ŶĞƵƌŽĐŽŐŶŝƟǀĞ�ĚǇƐĨƵŶĐƟŽŶ 
:ƵůŝĂ��ĞŶŶŝƐƐ͕��͘^͘ϭ͕��ĂƚŚĞƌŝŶĞ��ĞDĂƌŝŶŽ͕�WŚ�ϭ͕��ƌǇĂŶ�^ŵŝƚŚ͕�D�ϭ͕�:ŽƐĞƉŚ�^ŶŽǁ͕�WŚ�Ϯ͕�>ŝƐĂ�,ĞŶĚĞƌƐŽŶ͕�WŚ�ϭ͕��ĂƌƐŚĂŶ�
WĂŶĚǇĂ͕�D�ϭ͕��ǀŝŶĚƌĂ�EĂƚŚ͕�D�ϭ 
ϭ͘�^ĞĐƟŽŶ�ŽĨ�/ŶĨĞĐƟŽŶƐ�ŽĨ�ƚŚĞ�EĞƌǀŽƵƐ�^ǇƐƚĞŵ͕�EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ŽĨ�EĞƵƌŽůŽŐŝĐĂů��ŝƐŽƌĚĞƌƐ�ĂŶĚ�^ƚƌŽŬĞ͕�EĂƟŽŶĂů�/ŶƐƟƚƵƚĞƐ�
ŽĨ�,ĞĂůƚŚ͕��ĞƚŚĞƐĚĂ͕�D�͘ 
Ϯ͘�EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ŽĨ�DĞŶƚĂů�,ĞĂůƚŚ͕�EĂƟŽŶĂů�/ŶƐƟƚƵƚĞƐ�ŽĨ�,ĞĂůƚŚ͕��ĞƚŚĞƐĚĂ͕�D� 
 
�ƉƉƌŽǆŝŵĂƚĞůǇ�ϯϳ�ŵŝůůŝŽŶ�ƉĞŽƉůĞ�ĂƌĞ�ŝŶĨĞĐƚĞĚ�ǁŝƚŚ�,/s-ϭ͕�ǁŚŝĐŚ�ĐĂƵƐĞƐ�ĂĐƋƵŝƌĞĚ�ŝŵŵƵŶŽĚĞĮĐŝĞŶĐǇ�ƐǇŶĚƌŽŵĞ�;�/�^Ϳ�ĂŶĚ�
is among leaĚŝŶŐ�ŐůŽďĂů�ĐĂƵƐĞƐ�ŽĨ�ďŽƚŚ�ŵŽƌƚĂůŝƚǇ�ĂŶĚ�ďƵƌĚĞŶ͘�tŚŝůĞ�ĐŽŵďŝŶĞĚ�ĂŶƟƌĞƚƌŽǀŝƌĂů�ƚŚĞƌĂƉǇ�;Đ�ZdͿ�ŚĂƐ�ĞǆƚĞŶĚĞĚ�
ůŝĨĞ�ĞǆƉĞĐƚĂŶĐǇ�ďǇ�ƚĂƌŐĞƟŶŐ�ƚŚĞ�ǀŝƌƵƐ�Ăƚ�ŶĞĂƌůǇ�ĞǀĞƌǇ�ƐƚĂŐĞ�ŽĨ�ŝƚƐ�ůŝĨĞ�ĐǇĐůĞ͕�ƚŚĞƌĞ�ƌĞŵĂŝŶ�ŶŽ�ŝŶŚŝďŝƚŽƌƐ�ŽĨ�ƚƌĂŶƐĐƌŝƉƟŽŶ͕�ĂŶĚ�
ƚŚĞ�ŝŶƚĞŐƌĂƚĞĚ�ƉƌŽǀŝƌƵƐ�ƌĞƚĂŝŶƐ�ŝƚƐ�ĐĂƉĂďŝůŝƚǇ�ƚŽ�ƉƌŽĚƵĐĞ�ǀŝƌĂů�ZE�Ɛ͕�ǁŚŝĐŚ�ŚĂǀĞ�ďĞĞŶ�ĚĞƚĞĐƚĞĚ�ŝŶ�ƉĂƟĞŶƚ�ƐĞƌƵŵ�ĂŶĚ�
ĐĞƌĞďƌŽƐƉŝŶĂů�ŇƵŝĚ�;�^&Ϳ͘�,/s-ĂƐƐŽĐŝĂƚĞĚ�ŶĞƵƌŽĐŽŐŶŝƟǀĞ�ĚŝƐŽƌĚĞƌƐ�;,�E�ƐͿ�ƐƟůů�ƌĞƉƌĞƐĞŶƚ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ůŽŶŐ-ƚĞƌŵ�ďƵƌĚĞŶ�
ĂŶĚ�ĂīĞĐƚ�ƵƉ�ƚŽ�ϯϬ-ϱϬй�ŽĨ�ƚŚŽƐĞ�ďĞŝŶŐ ƚƌĞĂƚĞĚ�ǁŝƚŚ�Đ�Zd͘ �dŚĞ�ĚĞŐƌĞĞ�ŽĨ�ŶĞƵƌŽĐŽŐŶŝƟǀĞ�ŝŵƉĂŝƌŵĞŶƚ�ĐĂŶ�ďĞ�ĂƐƐĞƐƐĞĚ�
ǁŝƚŚ�ĐůŝŶŝĐĂů�ƐĐŽƌĞƐ�ŽĨ�ŐůŽďĂů�ĚĞĮĐŝƚ͕�ĂƩĞŶƟŽŶͬǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ͕ �ǀĞƌďĂů�ŇƵĞŶĐǇ͕ �ĂŶĚ�ŽƚŚĞƌ�ĐĂƚĞŐŽƌŝĞƐ͘ 

�ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ĂƌĞ�Ă�ǀĂƌŝĞĚ�ĐůĂƐƐ�ŽĨ�ŵĞŵďƌĂŶĞ-ďŽƵŶĚ�ĐĞůů�ĐŽŵƉŽŶĞŶƚƐ�ƌĞůĞĂƐĞĚ�ĨƌŽŵ�ŵŽƐƚ�ĐĞůů�ƚǇƉĞƐ�ǁŚŝĐŚ�
ŚĂǀĞ�ďĞĞŶ�ƐŚŽǁŶ�ƚŽ�ĐĂƌƌǇ�ůŝƉŝĚƐ͕�ƉƌŽƚĞŝŶƐ͕�ŵZE�Ɛ͕�ŶŽŶ-ĐŽĚŝŶŐ�ZE�Ɛ͕�ĂŶĚ��E�͘�/ƚ�ŚĂƐ�ďĞĞŶ�ƐŚŽǁŶ�ƚŚĂƚ�ĞǆŽƐŽŵĞƐ͕�Ă�
ƐƵďƚǇƉĞ�ŽĨ��sƐ͕�ĐĂŶ�ƚƌĂŶƐƉŽƌƚ�,/s-ϭ�ƉƌŽƚĞŝŶƐ�ĂŶĚ�ZE��ĨƌŽŵ�ŝŶĨĞĐƚĞĚ�ĐĞůůƐ�ƚŽ�ƵŶŝŶĨĞĐƚĞĚ�ĐĞůůƐ�ĞǀĞŶ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�
Đ�Zd͘ ��ĚĚŝƟŽŶĂůůǇ͕ �ŝƚ�ǁĂƐ�ĨŽƵŶĚ�ƚŚĂƚ�ĞǆŽƐŽŵĞƐ�ĨƌŽŵ�ƵŶŝŶĨĞĐƚĞĚ�ĐĞůůƐ�ĐĂŶ�ƐƟŵƵůĂƚĞ�ǀŝƌĂů�ƚƌĂŶƐĐƌŝƉƟŽŶ�ŝŶ�ŝŶĨĞĐƚĞĚ�ĐĞůůƐ͘� 

,ĂǀŝŶŐ�ƉƌĞǀŝŽƵƐůǇ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�,/s-ϭ�ZE��ŝŶ��sƐ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ƉĂƟĞŶƚ��^&�ĂŶĚ�ƐĞƌƵŵ�ŝŶ�Ă�ĐŽŚŽƌƚ�ŽĨ�
,/s-ŝŶĨĞĐƚĞĚ�ŝŶĚŝǀŝĚƵĂůƐ�ǁŝƚŚ�ǁĞůů-ĐŽŶƚƌŽůůĞĚ�ĚŝƐĞĂƐĞ�ŽŶ�Đ�Zd͕ �ǁĞ�ƵƐĞĚ�ƐĞǀĞŶ��ŝŐŝƚĂů��ƌŽƉůĞƚ�W�Z�;ĚĚW�ZͿ�ĂƐƐĂǇƐ�ƚŽ�
ĞǀĂůƵĂƚĞ�ƚŚĞ�ƚƌĂŶƐĐƌŝƉƟŽŶĂů�ƐƚĂƚƵƐ�ŽĨ�ƚŚĞ�ƌĞƐĞƌǀŽŝƌ�Ăƚ�ǀĂƌŝŽƵƐ�ƐĞƋƵĞŶĐĞ�ƌĞŐŝŽŶƐ͕�ŝŶĐůƵĚŝŶŐ�;ŝͿ�ƌĞĂĚƚŚƌŽƵŐŚ�;ĂīĞĐƚĞĚ�ďǇ�
ƚƌĂŶƐĐƌŝƉƟŽŶĂů�ŝŶƚĞƌĨĞƌĞŶĐĞͿ�;ŝŝͿ�d�Z�;ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƚƌĂŶƐĐƌŝƉƟŽŶĂů�ŝŶŝƟĂƟŽŶͿ�;ŝŝŝͿ�Z-hϱͬƉƌĞ-'ĂŐ�;ůŽŶŐ�>dZ͕�ƐƵŐŐĞƐƚƐ�
ĞůŽŶŐĂƟŽŶ�ƉƌŽǆŝŵĂů�ƚŽ�ƚŚĞ�ϱ͛�ĞŶĚͿ�;ŝǀͿ�WŽů�;ŝŶĚŝĐĂƟŶŐ�ĞůŽŶŐĂƟŽŶ�ƉĂƐƚ�ƚŚĞ�ƌĞŐŝŽŶ�ŽĨ�ƚŚĞ�ŝŶŝƟĂů�'ĂŐ�ǀŝƌĂů�ƉƌŽƚĞŝŶͿ�;ǀͿ�EĞĨ�
;ĚŝƐƚĂů�ƉƌŽƚĞŝŶͿ�;ǀŝͿ�hϯ-ƉŽůǇ��;ŝŶĚŝĐĂƟŶŐ�ĐŽŵƉůĞƚĞ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ŽĨ�ƚŚĞ�,/s�ƉƌŽƚĞŝŶͿ�ĂŶĚ�;ǀŝŝͿ�dĂƚ-ZĞǀ�;ƚŚĞ�ŵƵůƟƉůǇ-ƐƉůŝĐĞĚ�
ĐŽŵƉůĞƚĞ�ƉƌŽƚĞŝŶ͕�ŝŶĚŝĐĂƟŶŐ�ƉƌŽĚƵĐƟǀĞ�ŝŶĨĞĐƟŽŶͿ͘�� 

tĞ�ĨŽƵŶĚ�ƚŚĂƚ�ůĞǀĞůƐ�ŽĨ�ƚŚĞ�ZE��ƚƌĂŶƐĐƌŝƉƚƐ�ĚŝīĞƌĞĚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ĚĞƉĞŶĚŝŶŐ�ŽŶ�ƚŚĞ�ƌĞƐĞƌǀŽŝƌ�ĨƌŽŵ�ǁŚŝĐŚ�ƚŚĞǇ�ǁere 
ĚĞƌŝǀĞĚ͘�dŚĞ�ƚƌĂŶƐĐƌŝƉƚƐ�ǁĞƌĞ�ĨŽƵŶĚ�Ăƚ�ŚŝŐŚĞƌ�ůĞǀĞůƐ�ŝŶ�ƚŚĞ��^&͕ �ƐƵŐŐĞƐƟŶŐ�ƉŽŽƌĞƌ�ǀŝƌĂů�ĐŽŶƚƌŽů�ŝŶ�ƚŚĞ��E^�ƌĞƐĞƌǀŽŝƌ͘ �
�ĚĚŝƟŽŶĂůůǇ͕ �ƚŚĞ�ƉĞƌĐĞŶƚ�ŽĨ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�ĚĞƚĞĐƚĂďůĞ�ůĞǀĞůƐ�ŽĨ�ǀŝƌĂů�ƚƌĂŶƐĐƌŝƉƚƐ�;ĚĞĮŶĞĚ�ĂƐ�Ă�ĐŽŶĐĞŶƚƌĂƟŽŶ�х�ϬͿ�ĚŝīĞƌĞĚ�ďy 
reservŽŝƌ͘ �tĞ�ĚŝĚ�ŶŽƚ�ĮŶĚ�Ă�ĐŽƌƌĞůĂƟŽŶ�ďĞƚǁĞĞŶ�ŵĂƚĐŚĞĚ�ƐĞƌƵŵ�ĂŶĚ��^&�ZE��ĐŽŶĐĞŶƚƌĂƟŽŶƐ͘�dŚĞƐĞ�ĮŶĚŝŶŐƐ�ƉƌŽǀŝĚĞ�
ƐƵƉƉŽƌƚ�ƚŽ�ŽƵƌ�ŚǇƉŽƚŚĞƐŝƐ�ŽĨ�Ă�ƐĞƉĂƌĂƚĞ��E^�ƌĞƐĞƌǀŽŝƌ�ǁŝƚŚ�Ă�ƵŶŝƋƵĞ�ƚƌĂŶƐĐƌŝƉƟŽŶĂů�ƉƌŽĮůĞ͘� 

KƵƌ�ƌĞƐƵůƚƐ�ŝŶĚŝĐĂƚĞ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ƉŽƐŝƟǀĞ�ĐŽƌƌĞůĂƟŽŶ�ďĞƚǁĞĞŶ�Z-hϱͬƉƌĞ-'ĂŐ�;>ŽŶŐ�>dZͿ�ĂŶĚ�ŐůŽďĂů�ĚĞĮĐŝƚ�ƐĐŽƌĞ�;ǁŚŝĐŚ�
ŝŶĐƌĞĂƐĞƐ�ǁŝƚŚ�ǁŽƌƐĞŶŝŶŐ�ĚĞĮĐŝƚͿ�ĂŶĚ�ƐŝŐŶŝĮĐĂŶƚ�ŶĞŐĂƟǀĞ�ĐŽƌƌĞůĂƟŽŶƐ�ďĞƚǁĞĞŶ�>ŽŶŐ�>dZ�ĂŶĚ�ĂƩĞŶƟŽŶͬǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ͕ �
ŝŶĨŽƌŵĂƟŽŶ�ƉƌŽĐĞƐƐŝŶŐ͕�ĂŶĚ�ǀĞƌďĂů�ŇƵĞŶĐǇ͕ �ĂƐ�ǁĞůů�ĂƐ�Ă�ƐƵŵŵĂƟǀĞ�d-scŽƌĞ�ŽĨ�ƚŚĞ�ƐĞǀĞŶ�ĐĂƚĞŐŽƌŝĞƐ�;Ăůů�ŽĨ�ǁŚŝĐŚ�ĚĞĐƌĞĂƐĞ�
ǁŝƚŚ�ǁŽƌƐĞŶŝŶŐ�ĚĞĮĐŝƚͿ͘�dŚĞ�>ŽŶŐ�>dZ�ƚƌĂŶƐĐƌŝƉƚ�ƐĞƌǀĞƐ�ĂƐ�Ă�ƐĐĂīŽůĚ�ǁŚŝĐŚ�ƌĞĐƌƵŝƚƐ�ƐƵƉƉƌĞƐƐŝǀĞ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ƌĞŵŽĚĞůĞƌƐ͕�
ĐŽŶƚƌŝďƵƟŶŐ�ƚŽ�ǀŝƌĂů�ůĂƚĞŶĐǇ�ǀŝĂ�ĞƉŝŐĞŶĞƟĐ�ƐŝůĞŶĐŝŶŐ͘�KƵƌ�ĮŶĚŝŶŐƐ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�ƚŚĞƌĞ�ŝƐ�ďĂƐĂů�ǀŝƌĂů�ƚƌĂŶƐĐƌŝƉƟŽŶ�ĂƐƐŽĐŝĂƚĞĚ�
ǁŝƚŚ�ŶĞƵƌŽůŽŐŝĐĂů�ĐŽŵƉůŝĐĂƟŽŶƐ�ŽĨ�ůŽŶŐ-ƚĞƌŵ�ĚŝƐĞĂƐĞ͘�dŚŝƐ�ŶŽǀĞů�ŵĞĐŚĂŶŝƐŵ͕�ǁŚŝĐŚ�ĐŽŶƚƌŝďƵƚĞƐ�ƚŽ�ŶĞƵƌŽůŽŐŝĐĂů�
ĚǇƐĨƵŶĐƟŽŶ͕�ĐŽƵůĚ�ďĞ�ƚĂƌŐĞƚĞĚ�ƚŽ�ŝŵƉƌŽǀĞ�ƋƵĂůŝƚǇ�ŽĨ�ůŝĨĞ�ĂŶĚ�ĂĐŚŝĞǀĞ�Ă�ĨƵŶĐƟŽŶĂů�ĐƵƌĞ�ĨŽƌ�,/s-ϭ�ŝŶĨĞĐƟŽŶ͘ 
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DĞŐŚĂŶ DƵƐĞ 
�ĂƌƚŵŽƵƚŚ��ŽůůĞŐĞ�'ĞŝƐĞů�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ 
 
ZĞůĂƟŽŶƐŚŝƉƐ��ĞƚǁĞĞŶ�,ƵŵĂŶ�DŝůŬ��sW�ŵŝZE���ŽŶƚĞŶƚ ĂŶĚ��ƩĂŝŶĞĚ�/ŶĨĂŶƚ�
�ŶƚŚƌŽƉŽŵĞƚƌǇ�Ăƚ�KŶĞ�zĞĂƌ͗���WŝůŽƚ�^ƚƵĚǇ 
DĞŐŚĂŶ���DƵƐĞϭ͕��ĂǀŝĚ����ƌŵƐƚƌŽŶŐϮ͕ϯ͕��ŶŶĞ�'�,ŽĞŶϭ͕ϰ͕��ŝĂŶĞ�'ŝůďĞƌƚ-�ŝĂŵŽŶĚϭ͕�:ŝĂŶŐ�'Ƶŝϰ͕�dŚŽŵĂƐ�:�WĂůǇƐϭ͕��ƌŽĐŬ���
�ŚƌŝƐƚĞŶƐĞŶϭ͕�DĂƌŐĂƌĞƚ�Z�<ĂƌĂŐĂƐϭ͕��ĂŝƚůŝŶ�'�,ŽǁĞϭ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ƉŝĚĞŵŝŽůŽŐǇ͕  'ĞŝƐĞů�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ�Ăƚ��ĂƌƚŵŽƵƚŚ͕�ϭ�DĞĚŝĐĂů��ĞŶƚĞƌ��ƌ͕ �>ĞďĂŶŽŶ͕�E,͕�h^� 
Ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĞƌŵĂƚŽůŽŐǇ͕ ��ĂƌƚŵŽƵƚŚ-,ŝƚĐŚĐŽĐŬ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �ϭ�DĞĚŝĐĂů��ĞŶƚĞƌ��ƌ͕ �>ĞďĂŶŽŶ͕�E,͕�h^� 
ϯ͘�ZĞƐĞĂƌĐŚ�^ĞƌǀŝĐĞ͕�s��DĞĚŝĐĂů��ĞŶƚĞƌ͕ �ϭϱ�E�DĂŝŶ�^ƚ͕�tŚŝƚĞ�ZŝǀĞƌ�:ƵŶĐƟŽŶ͕�sd͕ �h^� 
ϰ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŝŽŵĞĚŝĐĂů��ĂƚĂ�^ĐŝĞŶĐĞ͕�'ĞŝƐĞů�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ�Ăƚ��ĂƌƚŵŽƵƚŚ͕�ϭ�DĞĚŝĐĂů��ĞŶƚĞƌ��ƌ͕ �>ĞďĂŶŽŶ͕�E,͕�
USA 
 
�ĂĐŬŐƌŽƵŶĚ͗��ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ�ĂŶĚ�ƉĂƌƟĐůĞ�ŵŝĐƌŽZE�Ɛ�;�sW�ŵŝZE�ƐͿ�ŝŶ�ŚƵŵĂŶ�ŵŝůŬ�ĂƌĞ�ŚǇƉŽƚŚĞƐŝǌĞĚ�ƚŽ�ĨĂĐŝůŝƚĂƚĞ�
ĐŽŵŵƵŶŝĐĂƟŽŶ�ďĞƚǁĞĞŶ�ŵŽƚŚĞƌ�ĂŶĚ�ĐŚŝůĚ�ĚƵƌŝŶŐ�ƚŚĞ�ƉŽƐƚŶĂƚĂů�ƉĞƌŝŽĚ͘�tŚŝůĞ�ĂŶ�ĞŵĞƌŐŝŶŐ�ďŽĚǇ�ŽĨ�ůŝƚĞƌĂƚƵƌĞ�ŚĂƐ�ďĞŐƵŶ�
ƚŽ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ƚŚĞ�ĐŽŵƉŽƐŝƟŽŶ�ŽĨ�ŵŝZE�Ɛ�ŝŶ�ŚƵŵĂŶ�ŵŝůŬ��sWƐ͕�ůŝƩůĞ�ŝƐ�ŬŶŽǁŶ�ĂďŽƵƚ�ƚŚĞŝƌ�ƉŽƚĞŶƟĂů�ƌŽůĞƐ�ŝŶ�ŝŶĨĂŶƚ�
ŐƌŽǁƚŚ͘ 

�ŝŵƐ͗�KƵƌ�ŽďũĞĐƟǀĞ�ǁĂƐ�ƚŽ�ĂƐƐĞƐƐ�ƉŽƚĞŶƟĂů�ĂƐƐŽĐŝĂƟŽŶƐ�ďĞƚǁĞĞŶ�ƚŚĞ�ĐŽŵƉŽƐŝƟŽŶ�ŽĨ��sW�ŵŝZE�Ɛ�ŝŶ�ŚƵŵĂŶ�ŵŝůŬ�ĂŶĚ�
ĂƩĂŝŶĞĚ�ĂŶƚŚƌŽƉŽŵĞƚƌǇ�Ăƚ�ϭϮ�ŵŽŶƚŚƐ�ŽĨ�ĂŐĞ�ŝŶ�Ă�ƉŝůŽƚ�ƐƚƵĚǇ�ŽĨ�ďƌĞĂƐƞĞĚ�ŝŶĨĂŶƚƐ�ŝŶ�EĞǁ�,ĂŵƉƐŚŝƌĞ͘ 

DĞƚŚŽĚŽůŽŐǇ͗��sW�ŵŝZE�Ɛ�ǁĞƌĞ�ĞǆƚƌĂĐƚĞĚ�ĨƌŽŵ�ƚŚĞ�ƐƵƉĞƌŶĂƚĂŶƚ�ĨƌĂĐƟŽŶ�ŽĨ�ŚƵŵĂŶ�ŵŝůŬ�ƐĂŵƉůĞƐ�;Ŷ�с�ϰϴͿ�ĐŽůůĞĐƚĞĚ�
ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϲ�ǁĞĞŬƐ�ƉŽƐƚƉĂƌƚƵŵ�ĨƌŽŵ�ƉĂƌƟĐŝƉĂŶƚƐ�ŝŶ�ƚŚĞ�EĞǁ�,ĂŵƉƐŚŝƌĞ��ŝƌƚŚ��ŽŚŽƌƚ�^ƚƵĚǇ͘�dŚĞ�EĂŶŽƐƚƌŝŶŐ�
Ŷ�ŽƵŶƚĞƌ�ƉůĂƞŽƌŵ�ǁĂƐ�ƵƐĞĚ�ƚŽ�ƉƌŽĮůĞ�ůĞǀĞůƐ�ŽĨ�ϳϵϴ�ŵŝZE�Ɛ͘�dŚƌĞĞ�ŵĞĂƐƵƌĞƐ�ŽĨ�ŵŝůŬ��sW�ŵŝZE��ĐŽŶƚĞŶƚ�ǁĞƌĞ�ĞǀĂůƵĂƚĞĚ͗�
ϭͿ�ƚŚĞ�ƚŽƚĂů�ƋƵĂŶƟƚǇ�ŽĨ��sW�ŵŝZE��ƚƌĂŶƐĐƌŝƉƚƐ�;ůŽŐϮ-ƚƌĂŶƐĨŽƌŵĞĚͿ͕�ϮͿ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƵŶŝƋƵĞ�ŵŝZE��ƚƌĂŶƐĐƌŝƉƚƐ�ƉƌĞƐĞŶƚ�
;ƐĂŵƉůĞ�ƌŝĐŚŶĞƐƐͿ͕�ĂŶĚ�ϯͿ�ƐĂŵƉůĞ�ĞǀĞŶŶĞƐƐ͕�ĐĂůĐƵůĂƚĞĚ�ĂƐ�ƚŚĞ�^ŚĂŶŶŽŶ��ŝǀĞƌƐŝƚǇ�/ŶĚĞǆ�ĚŝǀŝĚĞĚ�ďǇ�ƚŚĞ�ŶĂƚƵƌĂů�ůŽŐ�ŽĨ�ƚŚĞ�
ƐĂŵƉůĞ�ƌŝĐŚŶĞƐƐ�ƐĐŽƌĞ͕�ďŽƵŶĚ�ďĞƚǁĞĞŶ�Ϭ�ĂŶĚ�ϭ͘�tĞ�ĂƐƐĞƐƐĞĚ�ƌĞůĂƟŽŶƐŚŝƉƐ�ďĞƚǁĞĞŶ�ĞĂĐŚ�ŵĞĂƐƵƌĞ�ŽĨ��sW�ŵŝZE��
ĐŽŵƉŽƐŝƟŽŶ�ǁŝƚŚ�ĂŐĞ�ĂŶĚ�ƐĞǆ-ƐƚĂŶĚĂƌĚŝǌĞĚ�t,K���ƐĐŽƌĞƐ�ĨŽƌ�ŝŶĨĂŶƚ�ǁĞŝŐŚƚ͕�ůĞŶŐƚŚ͕�ǁĞŝŐŚƚ-for-ůĞŶŐƚŚ͕�ĂŶĚ�ŚĞĂĚ�
ĐŝƌĐƵŵĨĞƌĞŶĐĞ�ŵĞĂƐƵƌĞĚ�Ăƚ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϭϮ�ŵŽŶƚŚƐ�ŽĨ�ĂŐĞ͕�ƵƐŝŶŐ�ƌŽďƵƐƚ�ůŝŶĞĂƌ�ƌĞŐƌĞƐƐŝŽŶ͕�ĂĚũƵƐƟŶŐ�ĨŽƌ�ŐĞƐƚĂƟŽŶĂů�ĂŐĞ�
Ăƚ�ĚĞůŝǀĞƌǇ͕ �ĂŶƚŚƌŽƉŽŵĞƚƌǇ�Ăƚ�ďŝƌƚŚ͕�ĂŶĚ�ĚƵƌĂƟŽŶ�ŽĨ�ďƌĞĂƐƚ�ĨĞĞĚŝŶŐ͘ 

ZĞƐƵůƚƐ͗�/ŶĨĂŶƚ�ǁĞŝŐŚƚ�;�ĞƚĂ�с�Ϭ͘ϯϬϰ͕�W�с�Ϭ͘ϬϭϭͿ�ĂŶĚ�ůĞŶŐƚŚ�;�ĞƚĂ�с�Ϭ͘ϰϮϭ͕�W�с�Ϭ͘ϬϬϱͿ�ǌ-ƐĐŽƌĞƐ�Ăƚ�ϭϮ�ŵŽŶƚŚƐ�ǁĞƌĞ�ƉŽƐŝƟǀĞly 
ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ƚŽƚĂů��sW�ŵŝZE��ĐŽŶƚĞŶƚ͘��sW�ŵŝZE��ĞǀĞŶŶĞƐƐ�ǁĂƐ�ŝŶǀĞƌƐĞůǇ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ŝŶĨĂŶƚ�ǁĞŝŐŚƚ�;�ĞƚĂ�с�-
ϱ͘ϳϲϯ͕�W�с�Ϭ͘ϬϮϮͿ͕�ůĞŶŐƚŚ�;�ĞƚĂ�с�-ϲ͘ϳϴϵ͕�W�с�Ϭ͘ϬϯϵͿ͕�ĂŶĚ�ŚĞĂĚ�ĐŝƌĐƵŵĨĞƌĞŶĐĞ�;�ĞƚĂ�с�-ϲ͘ϵϱϵ͕�W�с�Ϭ͘ϬϭϳͿ�ǌ-ƐĐŽƌĞƐ�Ăƚ�ϭϮ�
months.  

�ŽŶĐůƵƐŝŽŶƐ͗ /Ŷ�Ă�ƉŝůŽƚ�ƐƚƵĚǇ�ŽĨ�ϰϴ�ďƌĞĂƐƞĞĚ�ŝŶĨĂŶƚƐ�ŝŶ�EĞǁ�,ĂŵƉƐŚŝƌĞ͕�ƚŚĞ��sW�ŵŝZE��ĐŽŵƉŽƐŝƟŽŶ�ŽĨ�ŚƵŵĂŶ�ŵŝůŬ�ǁĂƐ�
ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ŝŶĨĂŶƚ�ĂƩĂŝŶĞĚ�ǁĞŝŐŚƚ͕�ůĞŶŐƚŚ͕�ĂŶĚ�ŚĞĂĚ�ĐŝƌĐƵŵĨĞƌĞŶĐĞ�Ăƚ�ŽŶĞ�ǇĞĂƌ͘ �'ŝǀĞŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�ĂƐƐŽĐŝĂƟŽŶƐ�
ǁŝƚŚ�ǁĞŝŐŚƚ-for-ůĞŶŐƚŚ͕�ĂŶĚ�ƚŚĞ�ĐŽŶƐŝƐƚĞŶƚ�ĚŝƌĞĐƟŽŶĂůŝƚǇ�ŽĨ�ƚŚĞ�ĂƐƐŽĐŝĂƟŽŶƐ�ĨŽƌ�ǁĞŝŐŚƚ�ĂŶĚ�ůĞŶŐƚŚ͕�ŽƵƌ�ĮŶĚŝŶŐƐ�
ĂĚĚŝƟŽŶĂůůǇ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�ŵŝůŬ��sW�ŵŝZE��ĐŽŵƉŽƐŝƟŽŶ�ŝŶŇƵĞŶĐĞƐ�ŐƌŽǁƚŚ͕�ďƵƚ�ŶŽƚ�ĂĚŝƉŽƐŝƚǇ͕ �ŽĨ�ŝŶĨĂŶƚƐ͘�KďƐĞƌǀĞĚ�ŝŶǀĞƌƐĞ�
ĂƐƐŽĐŝĂƟŽŶƐ�ǁŝƚŚ�ƐĂŵƉůĞ�ĞǀĞŶŶĞƐƐ�ŵĂǇ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�ŝŶĐƌĞĂƐĞĚ�ƉƌĞƐĞŶĐĞ�ŽĨ�ƐƉĞĐŝĮĐ��sW�ŵŝZE�Ɛ�ĂƌĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�
ŚŝŐŚĞƌ�ŵĞĂƐƵƌĞƐ�ŽĨ�ŝŶĨĂŶƚ�ĂŶƚŚƌŽƉŽŵĞƚƌǇ͘��,ŽǁĞǀĞƌ͕ �ůĂƌŐĞƌ�ƐƚƵĚŝĞƐ�ĂƌĞ�ŶĞĞĚĞĚ�ƚŽ�ĐŽŶĮƌŵ�ƚŚĞƐĞ�ĮŶĚŝŶŐƐ�ĂŶĚ�ƚŽ�
ŝŶǀĞƐƟŐĂƚĞ�ǁŚĞƚŚĞƌ�ƐƉĞĐŝĮĐ�ŵŝZE�Ɛ�ŝŶ�ŚƵŵĂŶ�ŵŝůŬ��sWƐ�ŝŶŇƵĞŶĐĞ�ŐƌŽǁƚŚ�ĂŶĚͬŽƌ�ĂĚŝƉŽƐŝƚǇ�in infants. 
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Truc EŐƵǇĞŶ 
dŚĞ�KŚŝŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ 
 
WƌĞĚŝĐƟŶŐ�ZĞƐƉŽŶƐĞƐ�ƚŽ�/ŵŵƵŶŽƚŚĞƌĂƉǇ�ŽĨ�EŽŶ-^ŵĂůů��Ğůů�>ƵŶŐ��ĂŶĐĞƌ�WĂƟĞŶƚƐ�
ǀŝĂ�^ŝŶŐůĞ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐƵůĂƌ�ŵZE��ĂŶĚ�WƌŽƚĞŝŶ��ĞƚĞĐƟŽŶ 
>ƵŽŶŐ�d͘ �,͘�EŐƵǇĞŶϭΏ͕�:ŝŶŐũŝŶŐ��ŚĂŶŐϭΏ͕�yŝůĂů�z͘ �ZŝŵĂϭΏ͕�yŝŶǇƵ�tĂŶŐϭ͕�<ŝŵ�dƌƵĐ�EŐƵǇĞŶϭ͕�<ǁĂŶŐ�:ŽŽ�<ǁĂŬϮ͕�dĂŵŝŽ�
KŬŝŵŽƚŽϯ͕�:ŽƐĞƉŚ��ŵĂŶŶϯ͕�DŝŶ�:ŝŶ�zŽŽŶϭ͕�dĂŬĞŚŝƚŽ�^ŚƵŬƵǇĂϯ͕ϰ͕��Śŝ->ŝŶŐ��ŚŝĂŶŐϭ͕�EŝĐŽůĞ�tĂůƚĞƌƐϭ͕�zŝĨĂŶ�DĂϭ͕��ŽŶĂůĚ�
�ĞůĐŚĞƌϭ͕�,ŽŶŐ�>ŝϭ͕��ŶĚƌĞ�&͘ �W 
ϭ͘�tŝůůŝĂŵ�'͘�>ŽǁƌŝĞ��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽŵŽůĞĐƵůĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�dŚĞ�KŚŝŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͖��ŽůƵŵďƵƐ͕�K,�
ϰϯϮϭϬ͕�h^�͘ 
Ϯ͘�^ƉŽƚ��ŝŽƐǇƐƚĞŵƐ�>ƚĚ͖͘�WĂůŽ��ůƚŽ͕����ϵϰϯϬϭ͕�h^�͘ 
ϯ͘��ŽŵƉƌĞŚĞŶƐŝǀĞ��ĂŶĐĞƌ��ĞŶƚĞƌ͕ �dŚĞ�KŚŝŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͖��ŽůƵŵďƵƐ͕�K,�ϰϯϮϭϬ͕�h^�͘ 
ϰ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�ZĞƐƉŝƌĂƚŽƌǇ�DĞĚŝĐŝŶĞ͕�:ƵŶƚĞŶĚŽ�hŶŝǀĞƌƐŝƚǇ͖�dŽŬǇŽ͕�:ĂƉĂŶ͘ 
ΏdŚĞ�ĂƵƚŚŽƌƐ�ĐŽŶƚƌŝďƵƚĞĚ�ĞƋƵĂůůǇ�ƚŽ�ƚŚŝƐ�ǁŽƌŬ 
Ύ�ŽƌƌĞƐƉŽŶĚŝŶŐ�ĂƵƚŚŽƌ͘ �ƌĞĂƚĞŐƵŝ͘ϴΛŽƐƵ͘ĞĚƵ 
 
�ĂĐŬŐƌŽƵŶĚ͗�E^�>��ĐĞůůƐ�ĞŶŚĂŶĐĞ�ƚŚĞŝƌ�ĂďŝůŝƚǇ�ƚŽ�ĞǀĂĚĞ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞƐ�ďǇ�ŝŶĐƌĞĂƐŝŶŐ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ŝŵŵƵŶĞ�
ĐŚĞĐŬƉŽŝŶƚ�ƉƌŽƚĞŝŶƐ͕�ǁŚŝĐŚ�ĐĂŶ�ďĞ�ƚĂƌŐĞƚĞĚ�ƚŽ�ŝŵƉƌŽǀĞ�ƐƵƌǀŝǀĂů�ƌĂƚĞƐ͘��ůƚŚŽƵŐŚ�ŝŵŵƵŶŽŚŝƐƚŽĐŚĞŵŝĐĂů�;/,�Ϳ�ƐƚĂŝŶŝŶŐ�ŽĨ�
ƟƐƐƵĞ�ƐĂŵƉůĞƐ�ĨŽƌ�W�->ϭ�ƉƌŽƚĞŝŶ�ĐĂŶ�ŝĚĞŶƟĨǇ�ƐƵŝƚĂďůĞ�ĐĂŶĚŝĚĂƚĞƐ�ĨŽƌ�ŝŵŵƵŶĞ�ĐŚĞĐŬƉŽŝŶƚ�ŝŶŚŝďŝƟŽŶ�;/�/Ϳ͕�ƚŚŝƐ�ŵĞƚŚŽĚ�ŚĂƐ�
ůŝŵŝƚĂƟŽŶƐ�ƐƵĐŚ�ĂƐ�ŝŶǀĂƐŝǀĞŶĞƐƐ͕�ƉŽŽƌ�ƐƉĂƟŽƚĞŵƉŽƌĂů�ƌĞƐŽůƵƟŽŶ͕�ĂŶĚ�ĂŶ�ĂĐĐƵƌĂĐǇ�ƌĂƚĞ�ŽĨ�ϮϬ-ϰϬй͘ 

�ŝŵ͗���ŶŽŶ-ŝŶǀĂƐŝǀĞ�ĂƐƐĂǇ�ĐĂůůĞĚ��Ƶ^�ZW�;ŝŵŵƵŶŽŐŽůĚ�ƐŝŶŐůĞ�ĞǆƚƌĂǀĞƐŝĐƵůĂƌ�ZE��ĂŶĚ�ƉƌŽƚĞŝŶ�ĂƐƐĂǇͿ�ǁĂƐ�ĚĞǀĞůŽƉĞĚ�ƚŽ�
ŝĚĞŶƟĨǇ�ĐĂŶĚŝĚĂƚĞƐ�ƐƵŝƚĂďůĞ�ĨŽƌ�ŝŵŵƵŶĞ�ĐŚĞĐŬƉŽŝŶƚ�ŝŶŚŝďŝƟŽŶ�;/�/Ϳ�ďǇ�ŵĞĂƐƵƌŝŶŐ�W�-ϭͬW�->ϭ�ƉƌŽƚĞŝŶƐ�ĂŶĚ�ZE��ŽŶ�
ŝŶĚŝǀŝĚƵĂů�ŶŽŶ-ůǇƐĞĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ͘ 

DĞƚŚŽĚƐ͗�dŚĞ��Ƶ^�ZW�ĂƐƐĂǇ�ĞŵƉůŽǇĞĚ�Ă�ŐŽůĚ-ĐŽĂƚĞĚ�ĐŽǀĞƌƐůŝƉ�ƚŚĂƚ�ǁĂƐ�ŵŽĚŝĮĞĚ�ǁŝƚŚ�ŐŽůĚ�ŶĂŶŽƉĂƌƟĐůĞƐ�ĐŽĂƚĞĚ�ǁŝƚŚ�
ĂŶƟďŽĚŝĞƐ�ƚŽ�ƐĞƉĂƌĂƚĞ�ŝŶĚŝǀŝĚƵĂů�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ďĂƐĞĚ�ŽŶ�ƚŚĞŝƌ�ŵĞŵďƌĂŶĞ�ĂŶƟŐĞŶƐ͘�dŚĞƐĞ�ŝƐŽůĂƚĞĚ��sƐ�ǁĞƌĞ�
ƚŚĞŶ�ĂŶĂůǇǌĞĚ�ĨŽƌ�ƉƌŽƚĞŝŶƐ�ĂŶĚ�ŵZE��ǁŝƚŚ�ůŽǁ�ĂďƵŶĚĂŶĐĞ�ƵƐŝŶŐ�ƚǇƌĂŵŝĚĞ�ƐŝŐŶĂů�ĂŵƉůŝĮĐĂƟŽŶ�ĂŶĚ�ŵŽůĞĐƵůĂƌ�ďĞĂĐŽŶƐ�
ĐŽŶƚĂŝŶĞĚ�ǁŝƚŚŝŶ�ĐĂƟŽŶŝĐ�ůŝƉŽƉůĞǆ�ŶĂŶŽƉĂƌƟĐůĞƐ͘ 

ZĞƐƵůƚƐ͗�&ůƵŽƌĞƐĐĞŶƚ�ƐŝŐŶĂů�ǁĂƐ�ŽďƐĞƌǀĞĚ�ǁŝƚŚ�ƚŽƚĂů�ŝŶƚĞƌŶĂů�ƌĞŇĞĐƟŽŶ�ŇƵŽƌĞƐĐĞŶĐĞ�ŵŝĐƌŽƐĐŽƉǇ�ƚŽ�ĚĞƚĞĐƚ�ďŽƚŚ�ƉƌŽƚĞŝŶ�
ĂŶĚ�ŵZE��ŽĨ�W�-ϭͬW�->ϭ�ŝŶ�ŝŶĚŝǀŝĚƵĂů�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ͘�W�->ϭ�ƉƌŽƚĞŝŶ�ĂŶĚ�ŵZE��ĞǆƉƌĞƐƐŝŽŶ�ǁĞƌĞ�ŵĞĂƐƵƌĞĚ�ŝŶ�
�sƐ�ŽďƚĂŝŶĞĚ�ĨƌŽŵ�/&E-ɶ-ƐƟŵƵůĂƚĞĚ�,ϭϱϲϴ�ĐĞůůƐ�ŵŝǆĞĚ�ǁŝƚŚ�ŚĞĂůƚŚǇ�ĚŽŶŽƌ�ƐĞƌƵŵ͕�ƵƐŝŶŐ��>/^�ͬƋZd-W�Z�ĂŶĚ��Ƶ^�ZW�
ĂƐƐĂǇƐ͘�EŽƚĂďůǇ͕ �ƚŚĞ��Ƶ^�ZW�ĂƐƐĂǇ�ǁĂƐ�ĨŽƵŶĚ�ƚŽ�ďĞ�ϭϬϬϬ�ƟŵĞƐ�ŵŽƌĞ�ƐĞŶƐŝƟǀĞ�ƚŚĂŶ��>/^�ͬƋZd-W�Z͘�� small cohort of 54 
E^�>��ƉĂƟĞŶƚƐ�ǁĂƐ�ƌĞĐƌƵŝƚĞĚ�ďĞĨŽƌĞ�ƵŶĚĞƌŐŽŝŶŐ�ŝŵŵƵŶŽƚŚĞƌĂƉǇ͕�ŽƵƚ�ŽĨ�ǁŚŝĐŚ�Ϯϳ�ƉĂƟĞŶƚƐ�ĞǆŚŝďŝƚĞĚ�ƉŽƐŝƟǀĞ�ƌĞƐƉŽŶƐĞƐ�
ǁŚŝůĞ�Ϯϳ�ƉĂƟĞŶƚƐ�ĚŝĚ�ŶŽƚ͘�dŚĞƐĞ�ĨŽƵƌ�ďŝŽŵĂƌŬĞƌƐ�ǁĞƌĞ�ĞǀĂůƵĂƚĞĚ�ŝŶ�ĐŽŵďŝŶĂƟŽŶ͕�ĂŶĚ�ƚŚĞ�ƌĞƐƵůƚƐ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĂƚ�
ŝŶĐŽƌƉŽƌĂƟŶŐ�ďŽƚŚ�W�-ϭͬW�->ϭ�ŵZE��ŝŶĐƌĞĂƐĞĚ�ƚŚĞ�ĂƐƐĂǇ�ƐĞŶƐŝƟǀŝƚǇ͕ �ůĞĂĚŝŶŐ�ƚŽ�ĂŶ�E^�>��ĚŝĂŐŶŽƐŝƐ�ĂĐĐƵƌĂĐǇ�ŽĨ�ϵϯ͘Ϯй�
ĂŶĚ�Ă�ƉƌĞĚŝĐƟŽŶ�ĂĐĐƵƌĂĐǇ�ŽĨ�/�/�ƌĞƐƉŽŶƐĞ�ŽĨ�ϳϮ͘Ϯй͘ 

�ŽŶĐůƵƐŝŽŶƐ͗���ŶŽǀĞů�ĂƐƐĂǇ�ǁĂƐ�ĐƌĞĂƚĞĚ�ƚŽ�ĚĞƚĞĐƚ�ůŽǁ-ĂďƵŶĚĂŶĐĞ�ƉƌŽƚĞŝŶ�ĂŶĚ�ŵZE��ŵŽůĞĐƵůĞƐ�ƐŝŵƵltaneously in single 
non-ůǇƐĞĚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ǁŝƚŚ�ŚŝŐŚ�ƐĞŶƐŝƟǀŝƚǇ͘�dŚĞ�ƵƐĞ�ŽĨ�ƐŝŶŐůĞ-�s�ĚĞƚĞĐƟŽŶ�ŝŶƐƚĞĂĚ�ŽĨ�ďƵůŬ-analysis 
ŵĞƚŚŽĚƐ�ůĞĚ�ƚŽ�Ă�ŶŽƚĂďůĞ�ŝŵƉƌŽǀĞŵĞŶƚ�ŝŶ�ƐĞŶƐŝƟǀŝƚǇ͕ �ŵĂŬŝŶŐ�ŝƚ�Ă�ƉƌŽŵŝƐŝŶŐ�ĂůƚĞƌŶĂƟǀĞ�ƚŽ�ŝŵŵƵŶŽŚŝƐƚŽĐŚĞŵŝƐƚƌǇ�;/,�Ϳ�
ĂŶĚ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ĂĚǀĂŶĐĞŵĞŶƚ�ĨŽƌ�ŝŵŵƵŶĞ�ĐŚĞĐŬƉŽŝŶƚ�ŝŶŚŝďŝƚŽƌ�;/�/Ϳ�ƚŚĞƌĂƉǇ͘ 

 

 



Poster Abstract # 13 

yŝůĂů ZŝŵĂ 
dŚĞ�KŚŝŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ 
 
^ŽƌƟŶŐ�^ŝŶŐůĞ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ�ĂŶĚ��ŝŽƉĂƌƟĐůĞƐ�ĂŶĚ�^ŝŵƵůƚĂŶĞŽƵƐůǇ�
�ĞƚĞĐƟŶŐ�ZE��ĂŶĚ�WƌŽƚĞŝŶ�/Ŷ�^ŝƚƵ�ŽŶ�Ă�DŝĐƌŽĚŽŵĂŝŶ-�ƌƌĂǇ��ƐƐĂǇ 
yŝůĂů�z͘ �ZŝŵĂ͕ϭΏ�:ŝŶŐũŝŶŐ��ŚĂŶŐ͕ϭΏ�yŝŶǇƵ�tĂŶŐ͕ϭΏ�>ƵŽŶŐ�d͘ �,͘�EŐƵǇĞŶ͕ϭ�<ƌŝƐƟŶ�,ƵŶƚŽŽŶ͕Ϯ͕ϯ�zŝĨĂŶ�DĂ͕ϭ�WĂŽůĂ�>ŽƌĞƚŽ�
WĂůĂĐŝŽ͕ϰ�<ŝŵ�dƌƵĐ�EŐƵǇĞŶ͕ϭ�<ĂƌƵŶǇĂ��ůďĞƌƚ͕ϭ�DŝŶŚ-Dao Duong-dŚŝ͕ϭ�EŝĐŽůĞ�tĂůƚĞƌƐ͕ϭ�<ǁĂŶŐ�:ŽŽ�<ǁĂŬ͕ϱ�DŝŶ�:ŝŶ�zŽŽŶ͕ϭ�
dŚĂŵĂƌĂ��ĂǇĂƌĂƚŚŶĂ͕ϰ�,ŽŶŐ 
ϭ͘�tŝůůŝĂŵ�'͘�>ŽǁƌŝĞ��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽŵŽůĞĐƵůĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�dŚĞ�KŚŝŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ŽůƵŵďƵƐ͕�K,�
ϰϯϮϭϬ 
Ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�EĞƵƌŽƐƵƌŐĞƌǇ͕ �dŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞǆĂƐ�D���ŶĚĞƌƐŽŶ��ĂŶĐĞƌ��ĞŶƚĞƌ͕  
,ŽƵƐƚŽŶ͕�dy�ϳϳϬϯϬ 
ϯ͘�dŚĞ��ƌĂŝŶ�dƵŵŽƌ��ĞŶƚĞƌ͕ �dŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞǆĂƐ�D���ŶĚĞƌƐŽŶ��ĂŶĐĞƌ��ĞŶƚĞƌ͕ �,ŽƵƐƚŽŶ͕�dy�ϳϳϬϯϬ 
ϰ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�WĞĚŝĂƚƌŝĐƐ͕��ŝǀŝƐŝŽŶ�ŽĨ�EĞƵƌŽůŽŐǇ͕ �EĂƟŽŶǁŝĚĞ��ŚŝůĚƌĞŶΖƐ�,ŽƐƉŝƚĂů͕��ŽůƵŵďƵƐ͕�K,�ϰϯϮϬϱ 
ϱ͘�^ƉŽƚ��ŝŽƐǇƐƚĞŵƐ�>ƚĚ͕͘�WĂůŽ��ůƚŽ͕����ϵϰϯϬϭ 
ϲ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�ZĂĚŝĂƟŽŶ�KŶĐŽůŽŐǇ͕ �dŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞǆĂƐ�^ŽƵƚŚǁĞƐƚĞƌŶ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ ��ĂůůĂƐ͕�dy�ϳϱϮϯϱ 
ϳ͘�/ŶƐƟƚƵƚĞ�ĨŽƌ�^ǇƐƚĞŵƐ��ŝŽůŽŐǇ͕ �^ĞĂƩůĞ͕�t��ϵϴϭϬϵ 
ϴ͘��ŽŵƉƌĞŚĞŶƐŝǀĞ��ĂŶĐĞƌ��ĞŶƚĞƌ͕ �dŚĞ�KŚŝŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ŽůƵŵďƵƐ͕�K,�ϰϯϮϭϬ 
Ώ:�͕�yzZ͕�ĂŶĚ�yt�ĐŽŶƚƌŝďƵƚĞĚ�ĞƋƵĂůůǇ�ƚŽ�ƚŚŝƐ�ǁŽƌŬ 
ΎĐŽƌƌĞƐƉŽŶĚŝŶŐ�ĂƵƚŚŽƌ 
 
�ĂĐŬŐƌŽƵŶĚ͗��ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ĂƌĞ�ŚĞƚĞƌŽŐĞŶĞŽƵƐ�ƉŚǇƐŝĐĂůůǇ�ĂŶĚ�ŵŽůĞĐƵůĂƌůǇ�ĂŶĚ�ƚŚĞ�ĐŽ-ŝƐŽůĂƟŽŶ�ŽĨ�ƐŝŵŝůĂƌ�
ďŝŽƉĂƌƟĐůĞƐ�ĐŽŶĨŽƵŶĚƐ�ƚŚĞŝƌ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ͘�/Ŷ�ƐŝƚƵ�ĚĞƚĞĐƟŽŶ�ŽĨ�ƐŝŶŐůĞ��sƐ�ŚĂƐ�ĂƵŐŵĞŶƚĞĚ�ƐĞŶƐŝƟǀŝƟĞƐ�ĂŶĚ�ĂŝĚĞĚ�ŝŶ�
ƋƵĂůŝƚĂƟǀĞůǇ�ĚĞŵŽŶƐƚƌĂƟŶŐ�ŝŶƚƌĂǀĞƐŝĐƵůĂƌ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ͘�,ĞƌĞŝŶ͕�ǁĞ�ĚĞŵŽŶƐƚƌĂƚĞ�ƐŝŶŐůĞ-ƉĂƌƟĐůĞ�ĚĞƚĞĐƟŽŶ�ŽĨ��sƐ�ĂŶĚ�
ůŝƉŽƉƌŽƚĞŝŶƐ�;>WWƐͿ�ŽŶ�ĐŽŶƚƌŽůůĂďůĞ�ŵŝĐƌŽĚŽŵĂŝŶƐ�ĂŶĚ�ŚŝŐŚůŝŐŚƚ�ƚŚĞ�ŝŵƉŽƌƚĂŶĐĞ�ŽĨ�ƐŝŶŐůĞ-�s�ĚĞƚĞĐƟŽŶ�ŝŶ�ĂŶĂůǇǌŝŶŐ�
iŶƚĞƌǀĞƐŝĐƵůĂƌ͕ �ŝŶƚƌĂǀĞƐŝĐƵůĂƌ͕ �ĂŶĚ�ŝŶƚĞƌƉĂƌƟĐůĞ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ͘� 
 
�ŝŵƐ͗��ĞǀĞůŽƉ�Ă�ĐƵƐƚŽŵŝǌĂďůĞ�ƐŝŶŐůĞ-�s�ŝŶ�ƐŝƚƵ�ŵĞƚŚŽĚ�ĨŽƌ�ƚŚĞ�ĨĂĐŝůĞ�ĐŽůŽĐĂůŝǌĂƟŽŶ�ŽĨ�ďŝŽŵŽůĞĐƵůĂƌ�ƐƉĞĐŝĞƐ͕�ŝŶĐůƵĚŝŶŐ�
ƉƌŽƚĞŝŶ͕�ŵŝZE�͕�ĂŶĚ�ŵŝZE��ŝŶ�ŶŽŶ-ůǇƐĞĚ�ƐŝŶŐůĞ��sƐ�ĂŶĚ�ŽƚŚĞƌ�ďŝŽƉĂƌƟĐůĞƐ. 
DĞƚŚŽĚŽůŽŐǇ͗�DŝĐƌŽĚŽŵĂŝŶƐ�ĨŽƌ�ƉĂƌƟĐƵůĂƚĞ�ĐĂƉƚƵƌĞ�ǁĞƌĞ�ŐĞŶĞƌĂƚĞĚ�ǀŝĂ�ƉŚŽƚŽĞƚĐŚŝŶŐ�ŽĨ�Ă�ŶŽŶ-ďŝŽĨŽƵůŝŶŐ�ƉŽůǇŵĞƌ�
ŵŽŶŽůĂǇĞƌ�ŽŶ�Ă�ŐůĂƐƐ�ĐŽǀĞƌƐůŝƉ͕�ĂůůŽǁŝŶŐ�ĨŽƌ�ƚŚĞ�ĂĚƐŽƌƉƟŽŶ�ŽĨ�ĂǀŝĚŝŶ�ĂŶĚ�ƐƵďƐĞƋƵĞŶƚůǇ�ďŝŽƟŶǇůĂƚĞĚ�ĂŶƟďŽĚŝĞƐ�ƚŽ�
ŝŵŵŽďŝůŝǌĞ�ƐŝŶŐůĞ�ďŝŽƉĂƌƟĐůĞƐ ŽŶ�ƚŚĞ�ĐŽǀĞƌƐůŝƉ�ƐƵƌĨĂĐĞ͘�/ŶƚƌĂǀĞƐŝĐƵůĂƌ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ŝŶǀĞƐƟŐĂƟŽŶƐ�ǁĞƌĞ�ƌĞĂůŝǌĞĚ�ǁŝƚŚ�ƚŚĞ�
ƵƐĞ�ŽĨ�ŇƵŽƌĞƐĐĞŶƚůǇ-ůĂďĞůĞĚ�ĂŶƟďŽĚŝĞƐ�ĂŶĚ�ŵŽůĞĐƵůĂƌ�ďĞĂĐŽŶƐ�ƚŽ�ƚĂƌŐĞƚ�ƉƌŽƚĞŝŶ�ĂŶĚ�ZE��ďŝŽŵĂƌŬĞƌƐ�ŝŶ�ƐŝŶŐůĞ�ŶŽŶ-ůǇƐĞĚ�
ďŝŽƉĂƌƟĐůĞƐ͘�/ŶƚĞƌǀĞƐŝĐƵůĂƌ�ĂŶĚ�ŝŶƚĞƌƉĂƌƟĐůĞ�ŝŶǀĞƐƟŐĂƟŽŶƐ�ǁĞƌĞ�ƉĞƌĨŽƌŵĞĚ�ďǇ�ĐƵƐƚŽŵŝǌŝŶŐ�ƚŚĞ�ĂŶƟďŽĚŝĞƐ�ƵƟůŝǌĞĚ�ƚŽ�
ŝŵŵŽďŝůŝǌĞ�ƚŚĞ�ďŝŽƉĂƌƟĐůĞƐ͘ 
 
ZĞƐƵůƚƐ͗��ĞŝŶŐ�Ăƚ�ƚŚĞ�ĨŽƌĞĨƌŽŶƚ�ŽĨ�ƐŝŶŐůĞ-�s�ZE��ŝŶ�ƐŝƚƵ�ĚĞƚĞĐƟŽŶ͕�ĂŶ�ŝŶ-ĚĞƉƚŚ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ĞǆŽŐĞŶĞŽƵƐ�ZE��
ƚƌĂŶƐĨĞĐƚĞĚ�ŝŶ�ŚƵŵĂŶ��sƐ�ǁĂƐ�ĐĂƌƌŝĞĚ͕�ǁŚĞƌĞďǇ�ƚŚƌĞĞ�ŵŝZE��ƐƉĞĐŝĞƐ�ǁĞƌĞ�ĐŽ-ĚĞƚĞĐƚĞĚ�ŝŶ�ƐŝŶŐůĞ�ŶŽŶ-ůǇƐĞĚ��sƐ͘�
�ŽůŽĐĂůŝǌĂƟŽŶ�ĂŶĂůǇƐĞƐ�ǁĞƌĞ�ƉĞƌĨŽƌŵĞĚ�ĨŽƌ�ĚŝīĞƌĞŶƚ�ƌĞŐŝŽŶƐ�ŽĨ�ĂŶ�ŵZE��ƐƚƌĂŶĚ͕�ƚĞƚƌĂƐƉĂŶŝŶ�ĂŶĂůǇƐĞƐ͕�ĂŶĚ�ƉƌŽƚĞŝŶ-ZE��
ŝŶƚĞƌƐƉĞĐŝĞƐ�ĚĞƚĞĐƟŽŶ͕�ĚĞŵŽŶƐƚƌĂƟŶŐ�ƚŚĞ�ďƌĞĂĚƚŚ�ŽĨ�ƚŚĞ�ƚĞĐŚŶŝƋƵĞ͘�/ŶƚĞƌǀĞƐŝĐƵůĂƌ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ŝŶǀĞƐƟŐĂƟŽŶƐ�ǁĞƌĞ�
ƉĞƌĨŽƌŵĞĚ�ďǇ�ŝŵŵŽďŝůŝǌŝŶŐ��sƐ�ŝŶƚŽ��Z&ϲ͕�ĂŶŶĞǆŝŶ��ϭ͕���ϲϯ͕���ϵ͕��'&Z͕�ĂŶĚ�/Ő'�ƐƵďƉŽƉƵůĂƟŽŶƐ�ĂŶĚ�ĚĞƚĞĐƟŶŐ�ŶŝŶĞ�
ďŝŽŵĂƌŬĞƌƐ�ƐƉĂŶŶŝŶŐ�ĂĐƌŽƐƐ�ƉƌŽƚĞŝŶ͕�ŵZE�͕�ĂŶĚ�ŵŝZE�͘��ůƵƐƚĞƌŝŶŐ�ŽĨ�ƚŚĞ�ďŝŽŵŽůĞĐƵůĂƌ�ƐƉĞĐŝĞƐ�ĂŶĚ�ůŝŶĞĂƌ�ĚŝƐĐƌŝŵŝŶĂŶƚ�
ĂŶĂůǇƐŝƐ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƐŝŵŝůĂƌŝƟĞƐ�ďĞƚǁĞĞŶ���ϲϯн�ĂŶĚ���ϵн�ƐƵďƉŽƉƵůĂƟŽŶƐ͕�ǁŚŝůĞ��Z&ϲн�ĂŶĚ�ĂŶŶĞǆŝŶ��ϭн�
ƐƵďƉŽƉƵůĂƟŽŶƐ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƐŝŵŝůĂƌŝƟĞƐ͕�ǁŝƚŚ�ƚŚĞ�ĨŽƌŵĞƌ�ƉƌŽǀŝĚŝŶŐ�ĞŶŚĂŶĐĞĚ�ďŝŽŵŽůĞĐƵůĂƌ�ƉƌŽĮůŝŶŐ͘�&ƵƌƚŚĞƌŵŽƌĞ͕�ĚƵĞ�
to the co-isoůĂƟŽŶ�ŽĨ�>WWƐ�ĂŶĚ��sƐ͕�ŝŶƚĞƌƉĂƌƟĐůĞ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ǁĂƐ�ŝŶǀĞƐƟŐĂƚĞĚ�ďǇ�ĚĞĐŽƌĂƟŶŐ�ƚŚĞ�ŵŝĐƌŽĚŽŵĂŝŶƐ�ǁŝƚŚ�
ĂŶƟ-��ϲϯͬ��ϵ�ĂŶĚ�ĂŶƟ-ĂƉŽůŝƉŽƉƌŽƚĞŝŶ��ϭͬ��ĐŽĐŬƚĂŝůƐ͘�,ĞƌĞŝŶ͕�ǁĞ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ���ϲϯнͬ��ϵн�>WWƐ�ƚŚĂƚ�
ĂƌĞ�ŽďƐĐƵƌĞĚ�ŝŶ�ďƵůŬ-ĂŶĂůǇƐŝƐ�ŵĞƚŚŽĚƐ͘�>ĂƐƚůǇ͕ �ƚŽ�ŝůůƵƐƚƌĂƚĞ�ƚŚĞ�ĐůŝŶŝĐĂů�ƵƟůŝƚǇ�ŽĨ�ƚŚĞ�ƚĞĐŚŶŝƋƵĞ�ĨŽƌ�ĚŝĂŐŶŽƐŝƐ͕�Ɛŝǆ�ŐůŝŽŵĂ�ĐĞůů�
ůŝŶĞƐ�ǁĞƌĞ�ƐƵďũĞĐƚĞĚ�ƚŽ�ƐŵĂůů�ZE��ƐĞƋƵĞŶĐŝŶŐ͕�ǁŚĞƌĞďǇ�ĨŽƵƌ�ZE��ƐƉĞĐŝĞƐ�ǁĞƌĞ�ĨŽƵŶĚ�ƚŽ�ďĞ�ƚŚĞ�ŵŽƐƚ�ƵƉƌĞŐƵůĂƚĞĚ͘�^ĞƌƵŵ�
ĨƌŽŵ�Ă�ƐŵĂůů�ĐŽŚŽƌƚ�ŽĨ�ϭϬ�ŐůŝŽďůĂƐƚŽŵĂ�ƉĂƟĞŶƚƐ�ĂŶĚ�ϭϬ�ŚĞĂůƚŚǇ�ĚŽŶŽƌƐ�ǁĂƐ�ĐŽůůĞĐƚĞĚ�ǁŚĞƌĞďǇ�ƚŚĞ��sƐ�ǁĞƌĞ�ŝƐŽůĂƚĞĚ�ĂŶĚ�
ƐĐƌĞĞŶĞĚ�ĨŽƌ�ƚŚĞ�ZE��ƐƉĞĐŝĞƐ͘��ĞƐƉŝƚĞ�ƚŚĞ�ƉŽƐƐŝďůĞ�ŝŶƚĞƌĂĐƟŽŶ�ŽĨ���ϲϯнͬ��ϵн�>WWƐ�ŐůŝŽďůĂƐƚŽŵĂ�ƉĂƟĞŶƚƐ�ĚĞŵŽŶƐƚƌĂƚĞĚ�
ƐŝŐŶŝĮĐĂŶƚůǇ�ŚŝŐŚĞƌ�ůĞǀĞůƐ�ŽĨ�ƚŚĞ�ǀĞƐŝĐƵůĂƌ�ZE�͘� 
 
�ŽŶĐůƵƐŝŽŶƐ͗�dŚĞ ƐƵĐĐĞƐƐ�ŽĨ�ƚŚŝƐ�ǁŽƌŬ�ŽƉĞŶƐ�ĂǀĞŶƵĞƐ�ŝŶ�ƚŚĞ�ŝŶǀĞƐƟŐĂƟŽŶƐ�ŽĨ�ŝŶƚƌĂǀĞƐŝĐƵůĂƌ͕ �ŝŶƚĞƌǀĞƐŝĐƵůĂƌ͕ �ĂŶĚ�
ŝŶƚĞƌƉĂƌƟĐůĞ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ĨŽƌ�ďŝŽŵĂƌŬĞƌ�ĚŝƐĐŽǀĞƌǇ͕ �ĚŝĂŐŶŽƐƟĐƐ͕�ďŝŽŐĞŶĞƐŝƐ�ŝŶǀĞƐƟŐĂƟŽŶƐ͕�ĂŶĚ�ĚĞĐŽŶǀŽůƵƟŽŶ�ŽĨ�
ĐŝƌĐƵůĂƚŽƌǇ�ďŝŽƉĂƌƟĐůĞ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ͘ 
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DŝĐŚĂŝů ^ƉĂŶŽƐ 
DĂƐƐĂĐŚƵƐĞƩƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů�ͬ�,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů 
 
dŝƐƐƵĞ-^ƉĞĐŝĮĐ�ZE���ĂƌŐŽ�ŽĨ�WůĂƐŵĂ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ�ŝŶ��Ks/�-19 
WĂƚŚŽŐĞŶĞƐŝƐ͗����ŝƐƐĞĐƟŽŶ�ŽĨ��s�ZE��KƌŝŐŝŶƐ�ĂŶĚ�WĂƚŚǁĂǇƐ 
 
DŝĐŚĂŝů�^ƉĂŶŽƐϭΎ͕�WƌŝǇĂŶŬĂ�'ŽŬƵůŶĂƚŚϭΎ͕��ůŝǌĂďĞƚŚ�,ƵƚĐŚŝŶƐϯ͕��ĞƐƐŝĞ�DĞĞĐŚŽŽǀĞƚϯ͕�^ŽƉŚŝĂ�>z�ZŽŽƚϭ͕��ŵĞůŝ��ŚĂƩĞƌũĞĞϭ͕�
'ƵŽƉŝŶŐ�>ŝϭ͕��ŶĂ��ŚŝĂƌĞƫϭ͕�ůǀŝƌĂ-DĂƌŬĞůĂ��ŶƚŽŶŽŐŝĂŶŶĂŬŝϮ͕�sĂƐƐŝůŝŬŝ��ƉŽůůŽŶĂƚŽƵϮ͕��ŝƌŝŶŝ�DĂƌĂƚŽƵϰ͕ �īƌŽƐǇŶŝ��͘�
DĂŶĂůŝϮ͕�:ĂƐŵŝŶ�^ŚĞŚĂĚĞ 
ϭ͘��ĂƌĚŝŽǀĂƐĐƵůĂƌ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ͕ �DĂƐƐĂĐŚƵƐĞƩƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů�ĂŶĚ�,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů͕��ŽƐƚŽŶ͕�D�͕�h^�͘ 
Ϯ͘�ϮŶĚ�WƵůŵŽŶĂƌǇ�DĞĚŝĐŝŶĞ��ĞƉĂƌƚŵĞŶƚ͕�'ĞŶĞƌĂů�hŶŝǀĞƌƐŝƚǇ�,ŽƐƉŝƚĂů��ƫŬŽŶ͕�DĞĚŝĐĂů�^ĐŚŽŽů͕�EĂƟŽŶĂů�ĂŶĚ�<ĂƉŽĚŝƐƚƌŝĂŶ�
University of Athens 
ϯ͘��ŝǀŝƐŝŽŶ�ŽĨ�EĞƵƌŽŐĞŶŽŵŝĐƐ͕�dŚĞ�dƌĂŶƐůĂƟŽŶĂů�'ĞŶŽŵŝĐƐ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�WŚŽĞŶŝǆ͕���͕�h^� 
ϰ͘�^ĞĐŽŶĚ��ĞƉĂƌƚŵĞŶƚ�ŽĨ�/ŶƚĞƌŶĂů�DĞĚŝĐŝŶĞ�ĂŶĚ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�'ĞŶĞƌĂů�hŶŝǀĞƌƐŝƚǇ�,ŽƐƉŝƚĂů�Η�ƫŬŽŶΗ͕�^ĐŚŽŽů�ŽĨ�
DĞĚŝĐŝŶĞ͕�EĂƟŽŶĂů�ĂŶĚ�<ĂƉŽĚŝƐƚƌŝĂŶ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƚŚĞŶƐ͕��ƚŚĞŶƐ͕�'ƌĞĞĐĞ 
 
�ĂĐŬŐƌŽƵŶĚ - �Ks/�-ϭϵ�ŝƐ�ĂŶ�ŝŶĨĞĐƟŽƵƐ�ĚŝƐĞĂƐĞ�ĐĂƵƐĞĚ�ďǇ�^�Z^-�Žs-Ϯ͕�ǁŚŝĐŚ�ŚĂƐ�ƌĂƉŝĚůǇ�ƐƉƌĞĂĚ�ĂĐƌŽƐƐ�ƚŚĞ�ŐůŽďĞ͕�ĐĂƵƐŝŶŐ�
ƐŝŐŶŝĮĐĂŶƚ�ŵŽƌďŝĚŝƚǇ�ĂŶĚ�ŵŽƌƚĂůŝƚǇ͘��ůƚŚŽƵŐŚ�ƐƵďƐƚĂŶƟĂů�ƉƌŽŐƌĞƐƐ�ŚĂƐ�ďĞĞŶ�ŵĂĚĞ ŝŶ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ƚŚĞ�ĐůŝŶŝĐĂů�
ŵĂŶŝĨĞƐƚĂƟŽŶƐ�ŽĨ��Ks/�-ϭϵ͕�ƚŚĞ�ƉƌĞĐŝƐĞ�ŵĞĐŚĂŶŝƐŵƐ�ƚŚĂƚ�ĚƌŝǀĞ�ĚŝƐĞĂƐĞ�ƐĞǀĞƌŝƚǇ�ƌĞŵĂŝŶ�ƉŽŽƌůǇ�ƵŶĚĞƌƐƚŽŽĚ͘��ǆƚƌĂĐĞůůƵůĂƌ�
ǀĞƐŝĐůĞƐ�;�sƐͿ�ŚĂǀĞ�ĞŵĞƌŐĞĚ�ĂƐ�ŬĞǇ�ƉůĂǇĞƌƐ�ŝŶ�ŝŶƚĞƌĐĞůůƵůĂƌ�ĐŽŵŵƵŶŝĐĂƟŽŶ͕�ĂŶĚ�ƚŚĞŝƌ�ZE��ĐĂƌŐŽ�ŚĂƐ�ďĞĞŶ�ƐŚŽǁŶ�ƚŽ�ďĞ�
ŝŶǀŽůǀĞĚ�ŝŶ�ƚŚĞ�ƉĂƚŚŽŐĞŶĞƐŝƐ�ŽĨ�ǀĂƌŝŽƵƐ�ĚŝƐĞĂƐĞƐ͘�,ŽǁĞǀĞƌ͕ �ƚŚĞ�ƐƉĞĐŝĮĐ�ƟƐƐƵĞ�Žƌ�ĐĞůů�ƚǇƉĞ�ŽƌŝŐŝŶ�ŽĨ��sƐ�ƚŚĂƚ�ĚƌŝǀĞ��Ks/�-
ϭϵ�ƐĞǀĞƌŝƚǇ�ŝƐ�ĐƵƌƌĞŶƚůǇ�ƵŶŬŶŽǁŶ͘��Ǉ�ĐŚĂƌĂĐƚĞƌŝǌŝŶŐ�ƚŚĞ�ZE��ĐŽŶƚĞŶƚ�ŽĨ�ƐĞǀĞƌĞ��Ks/�-ϭϵ�ƉĂƟĞŶƚƐ��sƐ�ǁĞ�ƐŽƵŐŚƚ�ƚŽ�
ŝĚĞŶƟĨǇ�ƚŚĞ�ƐƉĞĐŝĮĐ�ƟƐƐƵĞ�ƐŝŐŶĂƚƵƌĞƐ�ĐŽŶƚƌŝďƵƟŶŐ�ƚŽ�ƚŚĞ��s�ZE��ƉŽŽů�ƚŚĂƚ�ĚƌŝǀĞƐ��Ks/�-ϭϵ�ƉĂƚŚŽŐĞŶĞƐŝƐ͘ 

 Aim - tĞ�ĂŝŵĞĚ�ƚŽ�ĚĞĮŶĞ�ƚŚĞ�ƟƐƐƵĞ�Žƌ�ĐĞůů�ŽƌŝŐŝŶ�ŽĨ�ƉůĂƐŵĂ��s�ZE��ƐŝŐŶĂƚƵƌĞƐ�ŝŶ��Ks/�-ϭϵ͕�ĨŽĐƵƐŝŶŐ�ŽŶ�ƚŚĞ�
ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ƟƐƐƵĞ-ƐƉĞĐŝĮĐ�ZE�Ɛ�ǁŝƚŚŝŶ��sƐ ƚŚĂƚ�ĐŽƵůĚ�ŚĞůƉ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ƟƐƐƵĞƐ�ĂŶĚ�ƉĂƚŚǁĂǇƐ�ƚŚĂƚ�ĂƌĞ�ĂīĞĐƚĞĚ�
ďǇ�Žƌ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ƐĞǀĞƌĞ�ĚŝƐĞĂƐĞ͘ 

DĞƚŚŽĚŽůŽŐǇ - dŽ�ŝĚĞŶƟĨǇ��s�ZE��ĐĂƌŐŽ�ŝŵƉůŝĐĂƚĞĚ�ŝŶ�ƐĞǀĞƌĞ�ĚŝƐĞĂƐĞ͕�ƉůĂƐŵĂ�ĨƌŽŵ�ŚŽƐƉŝƚĂůŝǌĞĚ�;ƐĞǀĞƌĞͿ�ĂŶĚ�ŶŽŶ-
ŚŽƐƉŝƚĂůŝǌĞĚ�;ŵŝůĚͬŵŽĚĞƌĂƚĞͿ��Ks/�-ϭϵ�ƉĂƟĞŶƚƐ�ǁĂƐ�ĐŽůůĞĐƚĞĚ͘�WůĂƐŵĂ��s�ZE��ǁĂƐ�ƐĞƋƵĞŶĐĞĚ�ĂŶĚ�ĚŝīĞƌĞŶƟĂů�
ĞǆƉƌĞƐƐŝŽŶ�;��Ϳ�ĂŶĂůǇƐŝƐ�ďĞƚǁĞĞŶ�ŐƌŽƵƉƐ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ�ƵƐŝŶŐ���^ĞƋϮ�ǀϭ͘Ϯϲ͘Ϭ͘�dŽ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ƟƐƐƵĞ�ŽƌŝŐŝŶ�ŽĨ�ƚŚĞ�
ĚŝīĞƌĞŶƟĂůůǇ�ĞǆƉƌĞƐƐĞĚ��s�ZE�Ɛ�dŝƐƐƵĞ-^ƉĞĐŝĮĐ��ŶƌŝĐŚŵĞŶƚ��ŶĂůǇƐŝƐ�;d^��Ϳ�ƵƐŝŶŐ�ƚŚĞ�dŝƐƐƵĞ�ŶƌŝĐŚ�Z�ƉĂĐŬĂŐĞ�ǁĂƐ�ƵƐĞĚ͘�
�ĂĐŚ�ŐĞŶĞ�ǁĂƐ�ĂƐƐŝŐŶĞĚ�Ă�dĂƵ�ƟƐƐƵĞ�ƐƉĞĐŝĮĐŝƚǇ�ƐĐŽƌĞ�ƵƐŝŶŐ�ƚŚĞ�ƟƐƉĞĐ�ƉĂĐŬĂŐĞ�ǁŝƚŚ��WD�ŶŽƌŵĂůŝǌĞĚ�ĐŽƵŶƚ�ĚĂƚĂ�ĨƌŽŵ�
'dĞy�ǀϴ�ĂƐ�ŝŶƉƵƚ͘�/ŶƚĞŐƌĂƟǀĞ�'ĞŶŽŵŝĐƐ�sŝĞǁĞƌ�;/'sͿ�ǁĂƐ�ƵƐĞĚ�ƚŽ�ŽǀĞƌůĂǇ��s�ZE��ĨƌĂŐŵĞŶƚƐ�ĨŽƌ�ƉƌŝŵĞƌ�ĚĞƐŝŐŶ͘�dŝƐƐƵĞ�
ƐƉĞĐŝĮĐ��s�ZE�Ɛ�ǁĞƌĞ�ǀĂůŝĚĂƚĞĚ�ďǇ�ƋW�Z�ŝŶ�Ă�ĐŽŚŽƌƚ�ŽĨ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�ŵŽĚĞƌĂƚĞ�;ŶŽŶ-/�h͕�ŶсϭϮͿ͕�ƐĞǀĞƌĞ�;/�h͕�ŶсϭϮͿ�
�Ks/�-ϭϵ�ĂŶĚ�ŚĞĂůƚŚǇ�ĐŽŶƚƌŽůƐ�;ŶсϭϮͿ͘ 

ZĞƐƵůƚƐ - WĂƟĞŶƚƐ�ǁŝƚŚ�ƐĞǀĞƌĞ��Ks/�-ϭϵ�ŚĂĚ�ϲϰ�ƵƉƌĞŐƵůĂƚĞĚ��s�ZE�Ɛ�ŽƌŝŐŝŶĂƟŶŐ�ĨƌŽŵ�ĂĚŝƉŽƐĞ�ƟƐƐƵĞ͕�ƐĂůŝǀĂƌǇ�ŐůĂŶĚƐ͕�ĂŶĚ�
ƚŚǇƌŽŝĚ�ŐůĂŶĚƐ�ĂƐ�ǁĞůů�ĂƐ�ƚŚĞ�ŚĞĂƌƚ͕�ƐƉůĞĞŶ͕�ƐŬĞůĞƚĂů�ŵƵƐĐůĞ͕�ĂŶĚ�ďƌĂŝŶ͘�WĂƚŚǁĂǇ�ĂŶĂůǇƐŝƐ�ƐŚŽǁĞĚ�ƚŚĂƚ�ƚŚĞƐĞ�ŐĞŶĞƐ�ǁĞƌĞ�
ƉĂƌƚ�ŽĨ�ŵƵƐĐůĞ�ĐŽŶƚƌĂĐƟŽŶ͕�ĚĞǀĞůŽƉŵĞŶƚĂů͕�ĂŶĚ�ŝŽŶ�ĐŚĂŶŶĞů�ƉĂƚŚǁĂǇƐ͘�dŚĞ�ĚŽǁŶƌĞŐƵůĂƚĞĚ��s�ZE�Ɛ�ŝŶ�ƚŚŽƐĞ�ƉĂƟĞŶƚƐ�
ǁĞƌĞ�ϲϳϳ�ĂŶĚ�ĚĞƌŝǀĞĚ�ŵŽƐƚůǇ�ĨƌŽŵ�ŝŵŵƵŶĞ-ƌĞůĂƚĞĚ�ƟƐƐƵĞƐ�ƐƵĐŚ�ĂƐ�ďŽŶĞ�ŵĂƌƌŽǁ͕�ƐƉůĞĞŶ͕�ůǇŵƉŚ�ŶŽĚĞƐ͕�ƚŽŶƐŝůƐ͕�ĂŶĚ�
ĂƉƉĞŶĚŝǆ͘��ŽǁŶƌĞŐƵůĂƚĞĚ��s�ƚƌĂŶƐĐƌŝƉƚƐ�ǁĞƌĞ�ŵŽƐƚůǇ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ƚƌĂŶƐůĂƟŽŶ-ƌĞůĂƚĞĚ�ƉĂƚŚǁĂǇƐ͕�ĐǇƚŽŬŝŶĞ�ƐŝŐŶĂůŝŶŐ͕�
ĂŶĚ�ǀĞƐŝĐůĞ-ŵĞĚŝĂƚĞĚ�ƚƌĂŶƐƉŽƌƚ͘�dŝƐƐƵĞ�ƐƉĞĐŝĮĐ��s�ZE�Ɛ��>ϭϯϯϯϳϯ͘Ϯ͕�WZ^^ϭϲ�;ƉĂŶĐƌĞĂƐͿ͕��E<ϭ͕�D��;ƐŬĞůĞƚĂů�ŵƵƐĐůĞͿ͕�
^zdϯ͕�<�E:ϲ�;ďƌĂŝŶͿ͕��,E�<�;ƉĞƌŝƉŚĞƌĂů�ŶĞƌǀĞͿ͕���>Ϯ�͕�,^W�ϴ͕���Z�;ůƵŶŐͿ͕�,>�-��;ŝŵŵƵŶĞͿ�ǁĞƌĞ�ƐŝŐŶŝĮĐĂŶƚůǇ�
ĚĞƌĞŐƵůĂƚĞĚ�ŝŶ�ƐĞǀĞƌĞ��Ks/�-ϭϵ�ƉĂƟĞŶƚƐ�ŽĨ�ƚŚĞ�ǀĂůŝĚĂƟŽŶ�ĐŽŚŽƌƚ͘ 
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&ƵƌƚŚĞƌŵŽƌĞ͕�ǁĞ�ŝĚĞŶƟĮĞĚ�ƐƉĞĐŝĮĐ�ZE��ƐŝŐŶĂƚƵƌĞƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ƐĞǀĞƌĞ�ĚŝƐĞĂƐĞ͕�ƐƵŐŐĞƐƟŶŐ�ƉŽƚĞŶƟĂů�ďŝŽŵĂƌŬĞƌƐ�ŽĨ�
ĚŝƐĞĂƐĞ�ƐĞǀĞƌŝƚǇ͘�KǀĞƌĂůů͕�ŽƵƌ�ƌĞƐƵůƚƐ�ŚŝŐŚůŝŐŚƚ�ƚŚĞ�ŝŵƉŽƌƚĂŶĐĞ�ŽĨ��s�ZE��ĐĂƌŐŽ�ŝŶ��Ks/�-ϭϵ�ƉĂƚŚŽŐĞŶĞƐŝƐ�ĂŶĚ�ŽīĞƌ�
ǀĂůƵĂďůĞ�ŝŶƐŝŐŚƚƐ�ŝŶƚŽ�ƚŚĞ�ƵŶĚĞƌůǇŝŶŐ�ŵĞĐŚĂŶŝƐŵƐ�ĚƌŝǀŝŶŐ�ĚŝƐĞĂƐĞ�ƐĞǀĞƌŝƚǇ͘�KƵƌ�ĂƉƉƌŽĂĐŚ�ĐŽƵůĚ�ŚĂǀĞ�ŝŵƉŽƌƚĂŶƚ�
ŝŵƉůŝĐĂƟŽŶƐ�ĨŽƌ�ƚŚĞ ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƚĂƌŐĞƚĞĚ�ƚŚĞƌĂƉŝĞƐ�ĂŝŵĞĚ�Ăƚ�ƐƉĞĐŝĮĐ�ĐĞůů�Žƌ�ƟƐƐƵĞ�ƚǇƉĞƐ�ĂŶĚ�ƵůƟŵĂƚĞůǇ͕ �ƚŚĞ�
ŝŵƉƌŽǀĞŵĞŶƚ�ŽĨ�ƉĂƟĞŶƚ�ŽƵƚĐŽŵĞƐ͘ 
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>ŝŶŐĨĞŝ Sun 
DĂƐƐĂĐŚƵƐĞƩƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů 
 
ɴ-ĐĞůů-ƐƉĞĐŝĮĐ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂƐ ĂŶ�ĞĂƌůǇ�ĚŝĂŐŶŽƐƟĐ�ďŝŽŵĂƌŬĞƌ�ŽĨ�dǇƉĞ�ϭ�
�ŝĂďĞƚĞƐ 
>ŝŶŐĨĞŝ�^ƵŶϷ͕�DŝĐŚĂŝů�^ƉĂŶŽƐϷ͕�ZŝƟŶ�^ŚĂƌŵĂϹ͕�<ŚĂĚŝũĂ��/�:ĞůůĂƐϸ͕�WĂƚƌŝĐŬ�WŝƌƌŽƩĞϹ͕�ZŽŚŝƚ�<ƵůŬĂƌŶŝϸ͕�'ƵŽƉŝŶŐ�>ŝϷ͕�ĂŶĚ�^ĂƵŵǇĂ 
�ĂƐϷ 
ϭ͘��ĂƌĚŝŽǀĂƐĐƵůĂƌ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ͕ �DĂƐƐĂĐŚƵƐĞƩƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů͕�,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů͕��ŽƐƚŽŶ͕�D�͕�h^�͘ 
Ϯ͘�/ƐůĞƚ��Ğůů�ĂŶĚ�ZĞŐĞŶĞƌĂƟǀĞ��ŝŽůŽŐǇ͕ �:ŽƐůŝŶ��ŝĂďĞƚĞƐ��ĞŶƚĞƌ͖��ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĚŝĐŝŶĞ͕��/�D�͕�,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů͕�
�ŽƐƚŽŶ͕�D�͕�h^�͘ 
ϯ͘�dƌĂŶƐůĂƟŽŶĂů�'ĞŶŽŵŝĐƐ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕��ŝƚǇ�ŽĨ�,ŽƉĞ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �WŚŽĞŶŝǆ͕���͕�hSA 
 
�ĂĐŬŐƌŽƵŶĚ͗�dǇƉĞ�ϭ�ĚŝĂďĞƚĞƐ�;dϭ�Ϳ͕�Ă�ĐŚƌŽŶŝĐ�ĚŝƐĞĂƐĞ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�Ă�ŐƌĂĚƵĂů�ůŽƐƐ�ŽĨ�ŝŶƐƵůŝŶ-ƉƌŽĚƵĐŝŶŐ�ɴ-ĐĞůů�ĨƵŶĐƟŽŶ�
ŽǀĞƌ�ƟŵĞ�ĚƵĞ�ƚŽ�ƚŚĞ�ĂƵƚŽŝŵŵƵŶĞ�ĚĞĂƚŚ�ŽĨ�ɴ-ĐĞůůƐ͕�ĂīĞĐƚƐ�ŶĞĂƌůǇ�Ϯ�ŵŝůůŝŽŶ�ƉĞŽƉůĞ�ŝŶ�ƚŚĞ�h͘^͘�,ŽǁĞǀĞƌ͕ �ƚŚĞ�ĐůŝŶŝĐĂů�
ĚŝĂŐŶŽƐŝƐ�ŽĨ�dϭ� ŝƐ�ƵƐƵĂůůǇ�ŵĂĚĞ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ĨĂƐƟŶŐ�ŚǇƉĞƌŐůǇĐĞŵŝĂ͕�ďǇ�ǁŚŝĐŚ�ƟŵĞ�ƚŚĞ�ŵĂũŽƌŝƚǇ�ŽĨ�ĨƵŶĐƟŽŶĂů�ɴ�cell 
ŵĂƐƐ�ŚĂƐ�ĂůƌĞĂĚǇ�ďĞĞŶ�ůŽƐƚ͘�dŚĞƌĞĨŽƌĞ͕�ƚŚĞƌĞ�ŝƐ�ĂŶ�ƵƌŐĞŶƚ�ŶĞĞĚ�ƚŽ�ŝĚĞŶƟĨǇ�Ă�ŶŽǀĞů�ĐŝƌĐƵůĂƟŶŐ�ďŝŽŵĂƌŬĞƌ�ĨŽƌ�ƚŚĞ�ĞĂƌůŝĞƌ�
ĚŝĂŐŶŽƐŝƐ�ŽĨ�dϭ�͘��ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ĂƌĞ�ƉŚŽƐƉŚŽůŝƉŝĚ�ďŝůĂǇĞƌ-ĞŶĐůŽƐĞĚ�ŶĂŶŽƐŝǌĞĚ�ƉĂƌƟĐůĞƐ�ƚŚĂƚ�ĐĂŶ�ďĞ�ĚĞƚĞĐƚĞĚ�
ĂŶĚ�ĂƐƐĂǇĞĚ�ŝŶ�ǀŝƌƚƵĂůůǇ�Ăůů�ŚƵŵĂŶ�ďŝŽŇƵŝĚƐ͘�dŚĞŝƌ�ĐĂƌŐŽ͕�ŝŶĐůƵĚŝŶŐ�ƐŵĂůů�ĂŶĚ�ůŽŶŐ�ZE��ƚƌĂŶƐĐƌŝƉƚƐ�ŵĂǇ�ƐĞƌǀĞ�ďŽƚŚ�ĂƐ�
ŶŽǀĞů�ŵĞĚŝĂƚŽƌƐ�ŽĨ�ŝŶƚĞƌĐĞůůƵůĂƌ�ƐŝŐŶĂůŝŶŐ�ĂŶĚ�ĐŽŶƚĂŝŶ�ƉŽƚĞŶƟĂů�ďŝŽŵĂƌŬĞƌƐ�ŽĨ�ĐĞůůƵůĂƌ�ƐƚƌĞƐƐ͘ 

�ŝŵƐ͗�dŚĞ�ǁŽƌŬ�ĂŝŵƐ�ƚŽ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ɴ-cell-ƐƉĞĐŝĮĐ��sƐ�ŝŶ�ĐŝƌĐƵůĂƟŽŶ�ĂŶĚ�ŝĚĞŶƟĨǇ�ƚŚĞ�ƐŝŐŶĂƚƵƌĞƐ�ŽĨ�ɴ-cell-ĚĞƌŝǀĞĚ��sƐ�
ĚƵƌŝŶŐ�ĞĂƌůǇ�dϭ��ĚĞǀĞůŽƉŵĞŶƚ͕�ǁŚŝĐŚ�ŵĂǇ�ďĞ�ƚƌĂŶƐůĂƚĞĚ�ŝŶƚŽ�ŶŽǀĞů�ĚŝĂŐŶŽƐƟĐƐ�ĨŽƌ�ŝĚĞŶƟĨǇŝŶŐ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�ĞĂƌůǇ�dϭ�͘� 

DĞƚŚŽĚŽůŽŐǇ͗��ŶĚŽ�-ɴ,ϭ�ĐĞůůƐ�ĂƌĞ�ƵƐĞĚ�ƚŽ�ŝŶƚĞƌƌŽŐĂƚĞ�ƚŚĞ�ɴ-ĐĞůů�ƐƉĞĐŝĮĐŝƚǇ�ĂŶĚ�ŵŽĚĞů�dϭ��ĚĞǀĞůŽƉŵĞŶƚ͘�/Ŷ�ĚĞƚĂŝů͕�
�ŶĚŽ�-ɴ,ϭ�ĐĞůůƐ�ĂƌĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�ŝŶŇĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞƐ�;/>-ϭɴ�ĂŶĚ�/&E-ɶͿ�ĨŽƌ�ϰϴ�ŚŽƵƌƐ�ƚŽ�ƌĞĐƌĞĂƚĞ�ƚŚĞ�dϭ� environment. 
�ĞůůƵůĂƌ�ZE�Ɛ�ĂƌĞ�ĞǆƚƌĂĐƚĞĚ�ĂŶĚ�ĂŶĂůǇǌĞĚ�ƚŽ�ĐŽŶĮƌŵ�ƚŚĞ�ƐƚƌĞƐƐ�ƌĞƐƉŽŶƐĞ�ŽĨ�ĐĞůůƐ�ƵŶĚĞƌ�ĐǇƚŽŬŝŶĞ�ĐŚĂůůĞŶŐĞƐ͘��sƐ�ĂƌĞ�
ĞŶƌŝĐŚĞĚ�ƵƐŝŶŐ�ƐŝǌĞ-ĞǆĐůƵƐŝŽŶ�ĐŚƌŽŵĂƚŽŐƌĂƉŚǇ�ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ƵƐŝŶŐ�^ƉĞĐƚƌĂĚǇŶĞ�ĂŶĚ��ŽƚͬtĞƐƚĞƌŶ�ďůŽƫŶŐ͘�
^ƵďƐĞƋƵĞŶƚůǇ͕�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ŵŝZE�Ɛ͕�ƚZE�Ɛ͕�ĂŶĚ�ƚZE�-ĚĞƌŝǀĞĚ�ƐŵĂůů�ZE�Ɛ�;ƚ�ZƐͿ�ŝŶ�ƚŚĞƐĞ��sƐ�ĂƌĞ�ĞǆĂŵŝŶĞĚ�ďǇ�ƵƐŝŶŐ�
ĚŝŐŝƚĂů�ĚƌŽƉůĞƚ�W�Z�ĂŶĚ�ŶŽƌƚŚĞƌŶ�ďůŽƫŶŐ͘ 

ZĞƐƵůƚƐ͗��ĞůůƵůĂƌ�ZE��ĂŶĂůǇƐŝƐ�ƐŚŽǁƐ�Ă�ϮϬ-ĨŽůĚ�ŝŶĐƌĞĂƐĞ�ŝŶ�W�->ϭ͕�Ă�ϯ͘ϱ-ĨŽůĚ�ŝŶĐƌĞĂƐĞ�ŝŶ��Z�Wϭ͕�ĂŶĚ�ĂŶ�ϭϭ-ĨŽůĚ�ŝŶĐƌease in 
�Z�WϮ�ŝŶ��ŶĚŽ�-ɴ,ϭ�ĐĞůůƐ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�ŝŶŇĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞƐ͕�ŝŶĚŝĐĂƟŶŐ�ƚŚĞ�ƐƵĐĐĞƐƐĨƵů�ŵŽĚĞůŝŶŐ�ŽĨ�dϭ��ŝŶ�ǀŝƚƌŽ͘�
^ƉĞĐƚƌĂĚǇŶĞ�ĚĞƚĞĐƚĞĚ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϭϬ�ϵ��s�ƉĂƌƟĐůĞƐͬŵ>�ĐŽŶĚŝƟŽŶĂů�ĐĞůů�ĐƵůƚƵƌĞ�ŵĞĚŝƵŵ͕�ĂŶĚ��ŽƚͬtĞƐƚĞƌŶ�ďůŽƫŶŐ�
ĐŽŶĮƌŵĞĚ�ƚŚĞŝƌ��s�ŝĚĞŶƟƚǇ͘��ŝŐŝƚĂů�ĚƌŽƉůĞƚ�W�Z�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĞ�ĂďƵŶĚĂŶĐĞ�ŽĨ�ŵŝZ-ϮϭϲĂ-ϱƉ͕�Ă�ɴ-cell-ƐƉĞĐŝĮĐ�ŵŝZE�͕�
ďƵƚ�ŶŽƚ�ŚĞƉĂƚŽĐǇƚĞ-ƐƉĞĐŝĮĐ�ŵŝZ-ϭϮϮ͕�ŝŶ�ɴ-cell-ĚĞƌŝǀĞĚ��sƐ͘�dŚĞ��s�ĂŵŽƵŶƚ�ĂƉƉĞĂƌƐ�ƚŽ�ďĞ�ŚŝŐŚĞƌ�ŝŶ�ƚŚĞ�ŝŶŇĂŵŵĂƚŽƌǇ�
ĐǇƚŽŬŝŶĞ�ĐŚĂůůĞŶŐĞ�ŐƌŽƵƉ͘��ŽŶƐŝƐƚĞŶƚůǇ͕ �ŵŝZ-ϮϭϲĂ-ϱƉ�ĞǆƉƌĞƐƐŝŽŶ�ŝŶ��sƐ�ŝƐ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŝŶĐƌĞĂƐĞĚ͘�/ŶƚĞƌĞƐƟŶŐůǇ͕ �ůŽǁĞƌ�
ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ǁŚŽůĞ-ůĞŶŐƚŚ�ƚZE�-�ƐƉ-'d��ĂŶĚ�ŚŝŐŚĞƌ�ůĞǀĞůƐ�ŽĨ�ƚŚĞŝƌ�ĨƌĂŐŵĞŶƚƐ�ĂƌĞ�ĚĞƚĞĐƚĞĚ�ŝŶ�ƚŚĞ��sƐ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�
�ŶĚŽ�-ɴ,ϭ�ĐĞůůƐ�ĂŌĞƌ�ĐǇƚŽŬŝŶĞ�ƚƌĞĂƚŵĞŶƚ͘ 

�ŽŶĐůƵƐŝŽŶƐ͗�KƵƌ�ƉƌĞůŝŵŝŶĂƌǇ�ĚĂƚĂ�ŝŶĚŝĐĂƚĞ�ƚŚĂƚ�ŝŶŇĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞƐ-ƚƌĞĂƚĞĚ��ŶĚŽ�-ɴ,ϭ�ĐĞůůƐ͕�ĂŶ�ŝŶ�ǀŝƚƌŽ�ĐĞůů�ĐƵůƚƵƌĞ�
ƐǇƐƚĞŵ�ŵŽĚĞůŝŶŐ�ƚŚĞ�ĞĂƌůǇ�dϭ��ĚĞǀĞůŽƉŵĞŶƚ͕�ĂƉƉĞĂƌ�ƚŽ�ƐĞĐƌĞƚĞ�ŵŽƌĞ��sƐ͕�ǁŚŽƐĞ�ZE��ĐĂƌŐŽ�ŝƐ�ĐůĞĂƌůǇ�ĐŚĂŶŐĞĚ͕�ŝŶĐůƵĚŝŶŐ�
Ă�ŚŝŐŚĞƌ�ůĞǀĞů�ŽĨ�ŵŝZ-ϮϭϲĂ-ϱƉ�ĂŶĚ�ŚŝŐŚĞƌ�ƚZE��ĐůĞĂǀĂŐĞ�ĞǀĞŶƚƐ�ǁŚĞŶ�ĐŽŵƉĂƌĞĚ�ǁŝƚŚ�ƵŶƚƌĞĂƚĞĚ�ĐĞůůƐ͘�&ƵƌƚŚĞƌ�
ƚƌĂŶƐĐƌŝƉƚŽŵŝĐ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞƐĞ��sƐ�ǁŝůů�ĨĂĐŝůŝƚĂƚĞ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ɴ-cell-ƐƉĞĐŝĮĐ��sƐ�Žƌ�ƚŚĞŝƌ�ZE��ĐĂƌŐŽ�ĂƐ�ŶŽǀĞů�
ĚŝĂŐŶŽƐƟĐƐ�ƚŽ�ŝĚĞŶƟĨǇ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�ĞĂƌůǇ�dϭ�͘ 
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:ƵŶ zĂŶŐ 
University of Notre Dame 
 
�ŐĞĚ�ĂŶĚ�zŽƵŶŐ��ƌĞĂƐƚ�DĂƚƌŝǆ��ŽƵŶĚ�sĞƐŝĐůĞƐ�ŝŶ��ƌĞĂƐƚ��ĂŶĐĞƌ 
:ƵŶ�zĂŶŐϭ͕�'ŽŬŚĂŶ��ĂŚĐĞĐŝŽŐůƵϮ͕ϰ͕�'ĞŽƌŐĞ�ZŽŶĂŶϮ͕ϯ͕�ĂŶĚ�WŝŶĂƌ��ŽƌůƵƚƵŶĂϭ͕Ϯ͕ϯ͕ϰ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽŵŽůĞĐƵůĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ�/E 
Ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĞƌŽƐƉĂĐĞ�ĂŶĚ�DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ�/E 
ϯ͘��ŝŽĞŶŐŝŶĞĞƌŝŶŐ�'ƌĂĚƵĂƚĞ�WƌŽŐƌĂŵ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ�/E 
ϰ͘�,ĂƌƉĞƌ��ĂŶĐĞƌ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ�/E 
 
tŚŝůĞ�ŵŽƐƚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ�;�sͿ�ƐƚƵĚŝĞƐ�ŝŶ�ĐĂŶĐĞƌ�ƌĞƐĞĂƌĐŚ�ĨŽĐƵƐ�ŽŶ�ĐĂŶĐĞƌ�ĐĞůů�ƐĞĐƌĞƚĞĚ��sƐ͕�ƌĞĐĞŶƚůǇ�ĂŶ�
ƵŶĐŽŶǀĞŶƟŽŶĂů͕�ďŝŽĂĐƟǀĞ�ƐƵďŐƌŽƵƉ�ŽĨ��sƐ�ŚĂƐ�ďĞĞŶ�ŝĚĞŶƟĮĞĚ�ǁŝƚŚŝŶ�ƚŚĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�ŵĂƚƌŝǆ�;��DͿ�ŽĨ�ƟƐƐƵĞƐ�ĂŶĚ�ŚĂǀĞ�
ƐŚŽǁŶ�ƚŽ�ƉƌŽǀŝĚĞ�ƟƐƐƵĞ�ƐƉĞĐŝĮĐ�ĂĐƟǀŝƟĞƐ�ŝŶ�ŵƵůƟƉůĞ�ĚŝīĞƌĞŶƚ�ƟƐƐƵĞƐ�ŝŶĐůƵĚŝŶŐ�ƵƌŝŶĂƌǇ�ďůĂĚĚĞƌ͕ �ƐŵĂůů�ŝŶƚĞƐƟŶĞ�ĂŶĚ�ŚĞĂƌt. 
'ŝǀĞŶ�ƚŚĞ�ƌĞĐĞŶƚůǇ�ƌĞĐŽŐŶŝǌĞĚ�ŝŵƉŽƌƚĂŶĐĞ�ŽĨ�ƚƵŵŽƌ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ͕�ĞƐƉĞĐŝĂůůǇ�ƚŚĞ���D�ƐƵƌƌŽƵŶĚŝŶŐ�ƚŚĞ�ƚƵŵŽƌ͕ �
matrix-ďŽƵŶĚ��sƐ�;D�sƐͿ�ŵŝŐŚƚ�ŚĂǀĞ�ŝŵƉŽƌƚĂŶƚ�ƌŽůĞƐ�ŝŶ�ĐĂŶĐĞƌ�ŝŶŝƟĂƟŽŶ�ĂŶĚ�ƉƌŽŐƌĞƐƐŝŽŶ͘�tĞ�ŚĂǀĞ�ƉƌĞǀŝŽƵƐůǇ�
ŝŶǀĞƐƟŐĂƚĞĚ�ƚŚĞ�ďƌĞĂƐƚ���D�ĂůƚĞƌĂƟŽŶƐ�ǁŝƚŚ�ŽůĚĞƌ�ĂŐĞ͕�ŽŶĞ�ŽĨ�ƚŚĞ�ďŝŐŐĞƐƚ�ƌŝƐŬ�ĨĂĐƚŽƌƐ�ĨŽƌ�ďƌĞĂƐƚ�ĐĂŶĐĞƌ͕ �ďƵƚ�ůŝƩůĞ�ŝƐ�
ŬŶŽǁŶ�ŽŶ��sƐ�ŝŶ�ƚŚĞ�ĂŐŝŶŐ�ďƌĞĂƐƚ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ŝŶ�ŐĞŶĞƌĂů͕�ĞƐƉĞĐŝĂůůǇ�ƚŚĞ���D-ďŽƵŶĚ��sƐ͘�,ĞƌĞ͕�ǁĞ�ƐŚŽǁĞĚ�ĨŽƌ�ƚŚĞ�
ĮƌƐƚ�ƟŵĞ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�D�sƐ�ŝŶ�ƚŚĞ�ďƌĞĂƐƚ�ƟƐƐƵĞ͕�ǀŝƐƵĂůŝǌĞĚ�ƚŚĞŝƌ�ƵƉƚĂŬĞ�ĨƌŽŵ�ďŽƚŚ�ŶĂƟǀĞ�ĚĞĐĞůůƵůĂƌŝǌĞĚ�ƟƐƐƵĞ�
ƐĞĐƟŽŶƐ�ĂŶĚ�ϯ��ŚǇĚƌŽŐĞůƐ͕�ŝŶǀĞƐƟŐĂƚĞĚ�ĂŶĚ�ĐŽŵƉĂƌĞĚ�ƚŚĞ�ĞīĞĐƚƐ�ŽĨ�D�sƐ�ĨƌŽŵ�ĂŐĞĚ�ĂŶĚ�ǇŽƵŶŐ�ƟƐƐƵĞƐ�ŽŶ�ďƌĞĂƐƚ�ĐĂŶĐĞƌ�
ƉƌŽŐƌĞƐƐŝŽŶ�ĂŶĚ�ŵĞƚĂƐƚĂƐŝƐ͘ 

�sƐ�ǁĞƌĞ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ƚŚĞ�ĨŽƵƌƚŚ�ŵĂŵŵĂƌǇ�ŐůĂŶĚƐ�ŽĨ�ǇŽƵŶŐ�;Ϯ-ϲ�ŵŽŶƚŚƐͿ�ĂŶĚ�ĂŐĞĚ�;ϮϬ-Ϯϯ�ŵŽŶƚŚƐͿ�ŵŝĐĞ�ĂŶĚ�
ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ǁŝƚŚ�ŶĂŶŽƉĂƌƟĐůĞ�ƚƌĂĐŬŝŶŐ�ĂŶĂůǇƐŝƐ�;Ed�Ϳ�ĂŶĚ�ƚƌĂŶƐŵŝƐƐŝŽŶ�ĞůĞĐƚƌŽŶ�ŵŝĐƌŽƐĐŽƉǇ�;d�DͿ͘��ǆŽƐŽŵĂů�ŵĂƌŬĞƌƐ�
ǁĞƌĞ�ǀŝƐƵĂůŝǌĞĚ�ǁŝƚŚ�ŝŵŵƵŶŽŐŽůĚ��D͘�EŽƌŵĂů�;<d�ϮϭͿ�ĂŶĚ�ĐĂŶĐĞƌŽƵƐ�;D��-D�-ϮϯϭͿ�ŵĂŵŵĂƌǇ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ǁĞƌĞ�
ƵƐĞĚ�ŝŶ�ƚŚŝƐ�ƐƚƵĚǇ͘��ĞůůƵůĂƌ ƵƉƚĂŬĞ�ŽĨ�ƚŚĞ�D�sƐ�ǁĞƌĞ�ǀŝƐƵĂůŝǌĞĚ�ǁŝƚŚ�ŇƵŽƌĞƐĐĞŶĐĞ�ůĂďĞůŝŶŐ͘��Ğůů�ŵŽƟůŝƚǇ�ĂŶĚ�ŝŶǀĂƐŝŽŶ�ǁĞƌĞ�
ĂƐƐĞƐƐĞĚ�ďǇ�ƚƌĂĐŬŝŶŐ�ĐĞůůƐ�ŵŝĐƌŽƐĐŽƉŝĐĂůůǇ�Žƌ�ƋƵĂŶƟĨǇŝŶŐ�ŝŶǀĂĚĞĚ�ĐĞůůƐ�ŝŶ�ƚƌĂŶƐǁĞůů�ĂƐƐĂǇ͕ �ƌĞƐƉĞĐƟǀĞůǇ͘��ǇƚŽŬŝŶĞ�ĂŶĚ�
ŵŝZE��ĐŽŶƚĞŶƚƐ�ŽĨ�D�sƐ�ǁĞƌĞ�ƉƌŽĮůĞĚ�ĂŶĚ�ƐƉĞĐŝĮĐ�ƚĂƌŐĞƚĞĚ�ĨĂĐƚŽƌƐ�ǁĞƌĞ�ƐĞůĞĐƚĞĚ�ĨŽƌ�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ŝŶǀĂƐŝŽŶ�ĂƐƐĂǇƐ͘ 

Ed��ĂŶĚ�d�D�ƌĞǀĞĂůĞĚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ƌŽƵŶĚ�ƐŚĂƉĞĚ͕���ϵ�ĂŶĚ���ϲϯ�ƉŽƐŝƟǀĞ�ǀĞƐŝĐůĞƐ�ŝŶ�ďƌĞĂƐƚ���D�ǁŝƚŚ�ΕϭϰϬ�Ŷŵ�
ĚŝĂŵĞƚĞƌ͘ �/ŶƚĞƌĞƐƟŶŐůǇ͕ �ƚƌĞĂƚŵĞŶƚ�ǁŝƚŚ�D�sƐ�ĨƌŽŵ�ĂŐĞĚ�ŵŝĐĞ�;D�s-ĂŐĞĚͿ ƐŝŐŶŝĮĐĂŶƚůǇ�ŝŶĐƌĞĂƐĞĚ�ĐĞůů�ŵŽƟůŝƚǇ�ŝŶ�ďŽƚŚ�
<d�Ϯϭ�ĂŶĚ�D��-D�-Ϯϯϭ�ĐĞůůƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ƵŶƚƌĞĂƚĞĚ�ĐŽŶƚƌŽů͕�ǁŚŝůĞ�ƚƌĞĂƚŵĞŶƚ�ǁŝƚŚ�D�sƐ�ĨƌŽŵ�ǇŽƵŶŐ�ŵŝĐĞ�;D�s-ǇŽƵŶŐͿ�
ƉŽƐĞĚ�ǁĞĂŬĞƌ�ŝŶŇƵĞŶĐĞ�ŽŶ�ĐĞůů�ŵŽƟůŝƚǇ͘�DŽƌĞŽǀĞƌ͕ �ďŽƚŚ�D�s-ĂŐĞĚ�ĂŶĚ�D�s-ǇŽƵŶŐ�ƚƌĞĂƚŵĞŶƚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŝŶĐƌĞĂƐĞĚ�ƚŚĞ�
ŝŶǀĂƐŝŽŶ�ŽĨ�<d�Ϯϭ�ĂŶĚ�D��-D�-Ϯϯϭ�ĐĞůůƐ͕�ǁŝƚŚ�ŚŝŐŚĞƌ�ŝŵƉĂĐƚ�ŽĨ�D�s-ĂŐĞĚ�ŽŶ�ƚŚĞ�D��-D�-Ϯϯϭ�ĐĞůůƐ�ƚŚĂŶ�D�s-young.  

�ǇƚŽŬŝŶĞ�ƉƌŽĮůŝŶŐ�ĂŶĚ�EĂŶŽ^ƚƌŝŶŐ�ƐĞƋƵĞŶĐŝŶŐ�ƌĞǀĞĂůĞĚ�Ă�ƐǇƐƚĞŵ�ŽĨ�ĐǇƚŽŬŝŶĞƐ�ĂŶĚ�ŵŝZE�Ɛ�ĞŶĐĂƉƐƵůĂƚĞĚ�ŝŶ�ƚŚĞ�D�sƐ͕�
ŝŶĐůƵĚŝŶŐ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŚŝŐŚĞƌ�ůĞǀĞůƐ�ŽĨ�ĂĚŝƉŽŶĞĐƟŶ�ĂŶĚ�ƐĞůĞĐƚĞĚ�ŽŶĐŽŵŝZƐ�ŝŶ�ƚŚĞ�D�s-ĂŐĞĚ�ƚŚĂŶ�D�s-ǇŽƵŶŐ͘��ĚŝƉŽŶĞĐƟŶ�
ƚƌĞĂƚŵĞŶƚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŝŶĐƌĞĂƐĞĚ�ĐĞůů�ŝŶǀĂƐŝŽŶ�ĐŽŵƉĂƌĞĚ�ƚŽ�ŶŽŶ-ƚƌĞĂƚŵĞŶƚ�ŐƌŽƵƉƐ�ŝŶ�ďŽƚŚ�ĐĞůů�ƚǇƉĞƐ͘�YƵĂŶƟƚĂƟǀĞ�Zd-W�Z�
ĐŽŶĮƌŵĞĚ�ŚŝŐŚĞƌ�ůĞǀĞůƐ�ŽĨ�ƚŚĞ�ŽŶĐŽŵŝZƐ�ŝŶ�ƚŚĞ�D�s-ĂŐĞĚ�ƚŚĂŶ�D�s-ǇŽƵŶŐ͘�dƌĂŶƐĨĞĐƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ǁŝƚŚ�Ă�ĐŽĐŬƚĂŝů�
ŽĨ�ƐĞůĞĐƚĞĚ�ŽŶĐŽŵŝZ�ŵŝŵŝĐƐ�ůĞĚ�ƚŽ�ŝŶĐƌĞĂƐĞĚ�ŝŶǀĂƐŝŽŶ͕�ŝŶĚŝĐĂƟŶŐ�ƚŚĂƚ�ƚŚĞƐĞ�ŵŝZE�Ɛ�ĂƌĞ�ŝŶǀŽůǀĞĚ�ŝŶ�D�s-ĂŐĞĚ-ĚƌŝǀĞŶ�
increase in cell invasion. 

/Ŷ�ĐŽŶĐůƵƐŝŽŶ͕�ǁĞ�ƐŚŽǁĞĚ�ƚŚĂƚ�ĂƐ�ĂŶ�ŝŶƚĞŐƌĂů�ĐŽŵƉŽŶĞŶƚ�ŽĨ�ƚŚĞ�ďƌĞĂƐƚ���D�ƚŚĂƚ�ĐŽƵůĚ�ŝŶƚĞƌĂĐƚ�ǁŝƚŚ�ĂŶĚ�ďĞ�ƚĂŬĞŶ�ƵƉ�ďǇ�
ĐĞůůƐ͕�ƚŚĞƐĞ�ƉƌĞǀŝŽƵƐ-ƵŶŬŶŽǁŶ�D�sƐ�ĐŽƵůĚ�ƉůĂǇ�Ă�ƉŝǀŽƚĂů�ƌŽůĞ�ŝŶ�ŚŽǁ�ƚŚĞ�ďƌĞĂƐƚ�ƚƵŵŽƌ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ĂůƚĞƌƐ�ĞƉŝƚŚĞůŝĂů�
ĐĞůůƐ�ƚŽǁĂƌĚ�ĐĂŶĐĞƌ�ĂŶĚ�ŵĞƚĂƐƚĂƐŝƐ�ĂƐ�ǁĞůů�ĂƐ�ŚŽǁ�ƚŚĞ�ĂŐŝŶŐ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ĨƵƌƚŚĞƌ�ĞŶŚĂŶĐĞƐ�ƚŚĞƐĞ�ŝŶŇƵĞŶĐĞƐ͘�KƵƌ�
ƌĞƐƵůƚƐ�ĂůƐŽ�ƐŚŽǁ�ƚŚĂƚ�ƚŚĞ�ĐĂƌŐŽ�ƵƉƌĞŐƵůĂƚĞĚ�ŝŶ�D�s-ĂŐĞĚ�ĐŽƵůĚ�ĞǆĞƌƚ�ĐƌƵĐŝĂů�ŝŶŇƵĞŶĐĞƐ�ŝŶ�ƉƌŽŵŽƟŶŐ�ƚŚĞ�D�s-ĚƌŝǀĞŶ�
ŝŶǀĂƐŝǀĞ�ĐĞůů�ďĞŚĂǀŝŽƌ�ĂŶĚ�ďĞ�ƉŽƚĞŶƟĂů�ƚĂƌŐĞƚƐ�ĨŽƌ�ĨƵƚƵƌĞ�ƚƌĞĂƚŵĞŶƚ�ĚĞǀĞůŽƉŵĞŶƚ͘ 
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'ĞŽƌŐĞ Ronan 
University of Notre Dame 
 
�ŐĞ�ĂŶĚ�^Ğǆ�/ŶŇƵĞŶĐĞ�ƚŚĞ��ĞŚĂǀŝŽƌ�ŽĨ��ǆŽƐŽŵĂů�ŵŝZE��ŝŶ�dŝƐƐƵĞ-�ŽƵŶĚ�
�ǆŽƐŽŵĞ�WŽƉƵůĂƟŽŶƐ�ƚŽ��īĞĐƚ�KƵƚĐŽŵĞƐ�ŽĨ��ĂƌĚŝĂĐ�&ŝďƌŽƐŝƐ�ƚŚƌŽƵŐŚ�^ǇŶĞƌŐŝƐƟĐ�
ŵŝZE���īĞĐƚƐ 
'ĞŽƌŐĞ�ZŽŶĂŶϭ͕Ϯ͖�'ŽŬŚĂŶ��ĂŚĐĞĐŝŽŐůƵϮ͖�:ƵŶ�zĂŶŐϯ͖�WŝŶĂƌ��ŽƌůƵƚƵŶĂϭ͕Ϯ͕ϯ͕ϰ 
ϭ͘��ŝŽĞŶŐŝŶĞĞƌŝŶŐ�'ƌĂĚƵĂƚĞ�WƌŽŐƌĂŵ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ͕�/E͘ 
Ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĞƌŽƐƉĂĐĞ�ĂŶĚ�DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ͕�/E͘�� 
ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽŵŽůĞĐƵůĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ͕�/E͘�� 
ϰ͘�,ĂƌƉĞƌ��ĂŶĐĞƌ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ�/E 
 
�ĂĐŬŐƌŽƵŶĚ͗��ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ŚĂǀĞ�ďĞĞŶ�ŝŶĐƌĞĂƐŝŶŐůǇ�ƌĞĐŽŐŶŝǌĞĚ�ĂƐ�ĞƐƐĞŶƟĂů�ĂŐĞŶƚƐ�ŝŶ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�
ƐŝŐŶĂůŝŶŐ�ŝŶ�ƌĞĐĞŶƚ�ǇĞĂƌƐ͘�EŽǀĞů�ĞǆƚƌĂĐĞůůƵůĂƌ�ŵĂƚƌŝǆ�;��DͿ-ďŽƵŶĚ��sƐ�;D�sƐͿ͕�ĂƐ�ŽƉƉŽƐĞĚ�ƚŽ�ďŝŽŇƵŝĚ��sƐ͕�ǁĞƌĞ�
ŝŵƉůŝĐĂƚĞĚ�ŝŶ�ŽŶƐĞƚ�ŽĨ�ĐŚƌŽŶŝĐ�ĚŝƐĞĂƐĞƐ�ŽŶ�ƚŚĞ�ƟƐƐƵĞ�ůĞǀĞů͘�D�sƐ�ŵĂǇ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ƟƐƐƵĞ�ĂŐŝŶŐ�ĂŶĚ�ƐƵďƐĞƋƵĞŶƚ�ŝŶĐƌĞĂƐĞ�
ŝŶ�ĚŝƐĞĂƐĞ�ƌŝƐŬ�ĂŶĚ�ŵŽƌƚĂůŝƚǇ͘��ŐŝŶŐ�ŝƐ�Ă�ŵĂũŽƌ�ƌŝƐŬ�ĨĂĐƚŽƌ�ĨŽƌ�ĐĂƌĚŝŽǀĂƐĐƵůĂƌ�ĚŝƐĞĂƐĞ�;�s�Ϳ͕�ƚŚĞ�ůĞĂĚŝŶŐ�ĐĂƵƐĞ�ŽĨ�ĚĞĂƚŚ�
ǁŽƌůĚǁŝĚĞ͕�ĂŶĚ�ĐŽƌƌĞůĂƚĞƐ�ǁŝƚŚ�ĐůŝŶŝĐĂů�ŽƵƚĐŽŵĞƐ ǀŝĂ�ƉŽŽƌůǇ�ƵŶĚĞƌƐƚŽŽĚ�ŵĞĐŚĂŶŝƐŵƐ͘�dŚĞƐĞ�ĚŝīĞƌĞŶĐĞƐ�ƌĞƐƵůƚ�ĨƌŽŵ�
ĮďƌŽƟĐ͕�ŝŶŇĂŵŵĂƚŽƌǇ͕ �ĂŶĚ�ŽƚŚĞƌ�ĐŚƌŽŶŝĐ�ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ͘�dŚĞ�ŽŶƐĞƚ�ƌĂƚĞ�ŽĨ�ƚŚĞƐĞ�ĐŚĂŶŐĞƐ�ĂůƐŽ�ĚŝīĞƌƐ�
ƐŝŐŶŝĮĐĂŶƚůǇ�ďĞƚǁĞĞŶ�ŵĞŶ�ĂŶĚ�ǁŽŵĞŶ͘�/ŶƚĞƌǀĞŶƟŽŶ�ŝŶ�ƚŚĞƐĞ�ĐŚĂŶŐĞƐ�ŝƐ�ůŝŵŝƚĞĚ�ďǇ�Ă�ůĂĐŬ�ŽĨ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ĐŽŵƉůĞǆ�
ĐĂƌĚŝĂĐ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ŝŶƚĞƌĂĐƟŽŶƐ͘�ZĞĐĞŶƚ�ĚĂƚĂ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�ĂŐĞ�ĂŶĚ�ƐĞǆ-ĚĞƉĞŶĚĞŶĐŝĞƐ�ŝŶ�ĐůŝŶŝĐĂů�ŽƵƚĐŽŵĞƐ�ĂƌĞ�
ŵĞĚŝĂƚĞĚ�ďǇ�ůŽŶŐ-ƚĞƌŵ�ĐŚĂŶŐĞƐ�ƚŽ�ƚŚĞ�ĐĂƌĚŝĂĐ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ͕�ďƵƚ�ƚŚĞ�ƵƟůŝƚǇ�ŽĨ�D�sƐ�ŝŶ�ƉƌŽŐƌĞƐƐŝŶŐ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�
ĮĞůĚ�ŚĂƐ�ŶŽƚ�ďĞĞŶ�ǁĞůů�ĚĞƐĐƌŝďĞĚ͘�'ƌĞĂƚĞƌ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ĐŚƌŽŶŝĐ�ĐŚĂŶŐĞƐ�ŝŶ�D�sƐ�ŝŶ�ƚŚĞ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ŝƐ�
ĞƐƐĞŶƟĂů�ĨŽƌ�ĂĚǀĂŶĐŝŶŐ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ��s��ĂŶĚ�ĚĞǀĞůŽƉŝŶŐ�ƚŚĞƌĂƉĞƵƟĐ�ƐƚƌĂƚĞŐŝĞƐ͘ 

�ŝŵƐ͗�tĞ�ƐŚŽǁ�ƚŚĂƚ�ƉƌĞǀŝŽƵƐůǇ�ƵŶƌĞƉŽƌƚĞĚ��sƐ�ŝŶ�ŚƵŵĂŶ�ĐĂƌĚŝĂĐ���D�ŵŽĚƵůĂƚĞ�ĮďƌŽƟĐ�ƉŚĞŶŽƚǇƉĞ�ĚĞƉĞŶĚĞŶƚůǇ�ŽŶ�ƚŚĞ�
ĂŐĞ�ĂŶĚ�ƐĞǆ�ŽĨ�ƚŚĞ�ĚŽŶŽƌ͕ �ĐŽŶƐŝƐƚĞŶƚ�ǁŝƚŚ�ĐůŝŶŝĐĂů�ĚĂƚĂ͕�ĂŶĚ�ƚŚĂƚ�ĂŶƟ-ĮďƌŽƟĐ�ĞīĞĐƚƐ�ĐĂŶ�ďĞ�ƌĞĐĂƉŝƚƵůĂƚĞĚ�ƵƐŝŶŐ�ƐǇŶĞƌŐŝƐƟĐ�
ŝĚĞŶƟĮĞĚ�ŵŝZE�Ɛ͘ 

DĞƚŚŽĚƐ͗�D�sƐ�ǁĞƌĞ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ůĞŌ�ǀĞŶƚƌŝĐůĞ�;>sͿ���D�ĨƌŽŵ�ĂŐĞĚ�ŵĂůĞ�;�DͿ͕�ĂŐĞĚ�ĨĞŵĂůĞ�;�&Ϳ͕�ǇŽƵŶŐ�ŵĂůĞ�;zDͿ�Žƌ�
ǇŽƵŶŐ�ĨĞŵĂůĞ�;z&Ϳ�ĚŽŶŽƌƐ͘�>s�ǀĞƐŝĐůĞƐ�;>ssƐͿ�ǁĞƌĞ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�ŶĂŶŽƉĂƌƟĐůĞ�ƚƌĂĐŬŝŶŐ�ĂŶĂůǇƐŝƐ�;Ed�Ϳ͕�ƚƌĂŶƐŵŝƐƐŝŽŶ�
ĞůĞĐƚƌŽŶ�ŵŝĐƌŽƐĐŽƉǇ�;d�DͿ͕�ĂŶĚ�ǁĞƐƚĞƌŶ�ďůŽƚ͘�>ss�ĐŽŶƚĞŶƚ�ǁĂƐ�ĂƐƐĞƐƐĞĚ�ďǇ�ĐǇƚŽŬŝŶĞ�ďůŽƚ͕�ŵŝZE��ƉƌŽĮůŝŶŐ͕�ĂŶĚ�W�Z͘�>ss�
ĞīĞĐƚƐ�ŽŶ�ĐĂƌĚŝĂĐ�ĮďƌŽďůĂƐƚ�;�&Ϳ�ĮďƌŽƟĐ�ĂĐƟǀŝƚǇ�ǁĞƌĞ�ĂƐƐĞƐƐĞĚ�ďǇ�ǁŽƵŶĚ�ŚĞĂůŝŶŐ�ĂŶĚ�ŐĞů�ĐŽŶƚƌĂĐƟŽŶ�ĂƐƐĂǇƐ͕�ĂŶĚ�ɲ-^D��
ĞǆƉƌĞƐƐŝŽŶ͘�dƌĞĂƚŵĞŶƚ�ǁŝƚŚ�ŝŶĚŝǀŝĚƵĂů�Žƌ�Ă�ĐŽĐŬƚĂŝů�ŽĨ�ŝĚĞŶƟĮĞĚ�ŵŝZE�Ɛ�ǁĞƌĞ�ĂůƐŽ�ĂƐƐĞƐƐĞĚ͕�ĂƐ�ǁĂƐ�ĐĞůů�ƐƵƌǀŝǀĂů�ĂŶĚ�
ƉƌŽůŝĨĞƌĂƟŽŶ�ƵŶĚĞƌ�ŝŶĨĂƌĐƚ-ůŝŬĞ�ĐŽŶĚŝƟŽŶƐ͘ 

ZĞƐƵůƚƐ͗�>ssƐ�ŚĂĚ�ĞǆŽƐŽŵĞ-ůŝŬĞ�ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ͘�>ssƐ�ƐŚŽǁĞĚ�ĚŝīĞƌĞŶĐĞƐ�ŝŶ�ĐǇƚŽŬŝŶĞ�ĂŶĚ�ŵŝZE��ƉƌŽĮůĞƐ�ďĞƚǁĞĞŶ��D�ĂŶĚ�
ŽƚŚĞƌ�ŐƌŽƵƉƐ͕�ǁŝƚŚ��D�ƐŚŽǁŝŶŐ�ŚŝŐŚĞƌ�ĐǇƚŽŬŝŶĞ�ĂŶĚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ůŽǁĞƌ�ŵŝZE��ĐŽŶƚĞŶƚ͘�/ŶĐƌĞĂƐĞĚ�ĐǇƚŽŬŝŶĞƐ�ǁĞƌĞ�ƌĞůĂƚĞĚ�
ƚŽ�ŽǆŝĚĂƟǀĞ�ƐƚƌĞƐƐ�ĂŶĚ�ĂŐŝŶŐ͘�/ĚĞŶƟĮĞĚ�ƚĂƌŐĞƚ�ŵŝZE��ǁĞƌĞ�ƉƌĞǀŝŽƵƐůǇ�ŝŵƉůŝĐĂƚĞĚ�ŝŶ�ďĞŶĞĮĐŝĂů��s��ƉĂƟĞŶƚ�ŽƵƚĐŽŵĞƐ͘�
dƌĞĂƚŵĞŶƚ�ŽĨ��&Ɛ�ǁŝƚŚ�>ssƐ�ƐŚŽǁĞĚ�ĚŝīĞƌĞŶƟĂů�ĞīĞĐƚƐ�ďĂƐĞĚ�ŽŶ�ĂŐĞ�ĂŶĚ�ƐĞǆ�ŽĨ�ĚŽŶŽƌ͘ ��D�ƐŝŐŶŝĮĐĂŶƚůǇ�ĚĞĐƌĞĂƐĞĚ�ǁŽƵŶĚ�
ŚĞĂůŝŶŐ�ĂŶĚ�ŝŶĐƌĞĂƐĞĚ�ƚƌĂŶƐĚŝīĞƌĞŶƟĂƟŽŶ�ĂŶĚ�ĐŽŶƚƌĂĐƟůŝƚǇ�ĐŽŵƉĂƌĞĚ�ƚŽ�ƵŶƚƌĞĂƚĞĚ�ĐŽŶƚƌŽů͕�ǁŚŝůĞ��&͕ �z&͕ �ĂŶĚ�zD�ƐŚŽǁĞĚ�
ŽƉƉŽƐŝƚĞ�ĞīĞĐƚƐ͘�dƌĞĂƚŵĞŶƚ�ǁŝƚŚ�Ă�ĐŽĐŬƚĂŝů�ŽĨ�ŝĚĞŶƟĮĞĚ�ŵŝZE��ĐŽƵůĚ�ƌĞĐĂƉŝƚƵůĂƚĞ�ƚŚĞƐĞ�ĞīĞĐƚƐ͕�ďƵƚ�ŶŽƚ�ŝŶĚŝǀŝĚƵĂů�
ŵŝZE�Ɛ͘�dƌĞĂƚŵĞŶƚ�ĂůƐŽ�ĞŶŚĂŶĐĞĚ�ĐĞůů�ƐƵƌǀŝǀĂů�ƵŶĚĞƌ�ŝŶĨĂƌĐƚ-ůŝŬĞ�ĐŽŶĚŝƟŽŶƐ͘ 

�ŽŶĐůƵƐŝŽŶƐ͗�D�sƐ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ĂŐĞ�ĂŶĚ�ƐĞǆ-ĚĞƉĞŶĚĞŶƚ�ĚŝīĞƌĞŶĐĞƐ�ŝŶ�ĐĂƌĚŝĂĐ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ĐŽŶƐŝƐƚĞŶƚ�ǁŝƚŚ�ĐůŝŶŝĐĂů�
ŽƵƚĐŽŵĞƐ͘�>ssƐ�ŽĨ�ǇŽƵŶŐ�Žƌ�ĨĞŵĂůĞ�ĚŽŶŽƌƐ�ƉƌŽŵŽƚĞĚ�ĂŶƟ-ĮďƌŽƟĐ�ĞīĞĐƚƐ͕�ǁŚŝůĞ��D�ǁĞƌĞ�ƉƌŽ-ĮďƌŽƟĐ͘�dŚĞ�ĂŶƟ-ĮďƌŽƟĐ�
ĞīĞĐƚƐ�ǁĞƌĞ�ƉĂƌƟĂůůǇ�ƌĞĐĂƉŝƚƵůĂƚĞĚ�ďǇ�ŝĚĞŶƟĮĞĚ�ŵŝZE�Ɛ�ƚŽŐĞƚŚĞƌ͕ �ďƵƚ�ŶŽƚ�ŝŶĚŝǀŝĚƵĂůůǇ͘�dŚƵƐ͕�ƚŚĞ�ďĞŶĞĮĐŝĂů�ĞīĞĐƚƐ�ŽĨ�>ss 
ƚƌĞĂƚŵĞŶƚ�ŵĂǇ�ďĞ�ŵĞĚŝĂƚĞĚ�ďǇ�Ă�ĐŽŵďŝŶĂƟŽŶ�ŽĨ�ŵŝZE�Ɛ͕�ŶŽƚ�ũƵƐƚ�ŽŶĞ͘��ŶĂůǇƐŝƐ�ŽĨ�ƚŚĞƐĞ�ƐǇŶĞƌŐŝƐƟĐ�ĞīĞĐƚƐ�ǁŝůů�ĞŶŚĂŶĐĞ�
ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ĞŶĚŽŐĞŶŽƵƐ�ĂŶƟ-ĮďƌŽƟĐ�ƉĂƚŚǁĂǇƐ�ĂŶĚ�ĂĚǀĂŶĐĞ�ƚŚĞƌĂƉĞƵƟĐ�ŝŶƚĞƌǀĞŶƟŽŶ͘ 
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�ĂĚŝů ^ŚĞŝŬŚ 
�ĂǇůŽƌ�hŶŝǀĞƌƐŝƚǇ 
 
dŚĞ�KƵƚĞƌ�DĞŵďƌĂŶĞ�sĞƐŝĐůĞƐ�ŽĨ��ĂĐƚĞƌŽŝĚĞƐ�ĨƌĂŐŝůŝƐ��ŽŶƚĂŝŶ�hŶŝƋƵĞ�^ŵĂůů�ZE��
^ƉĞĐŝĞƐ�ĂŶĚ�dƌŝŐŐĞƌ�/ŵŵƵŶĞ�ZĞƐƉŽŶƐĞƐ�ŝŶ�,ŽƐƚ��ĞůůƐ 
�ĂĚŝů�^ŚĞŝŬŚϭ͕��ůǇƐŝĂ�DĂƌƟŶĞǌϭ͕�DŝĐŚĞůůĞ�WƵũŽůϭ͕��ĞƌŶĚ��ĞĐŚŵĂŶŶϮ͕�:ŽƐĞƉŚ�dĂƵďĞϭ͕�>ĞŝŐŚ�'ƌĞĂƚŚŽƵƐĞϭ͕ϯ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŝŽůŽŐǇ͕ ��ĂǇůŽƌ�hŶŝǀĞƌƐŝƚǇ͕ �tĂĐŽ�dy͘� 
Ϯ͘��ĞŶƚĞƌ�ĨŽƌ�/ŵĂŐŝŶŐ�ĂŶĚ�DŝĐƌŽƐĐŽƉǇ͕ ��ĂǇůŽƌ�hŶŝǀĞƌƐŝƚǇ͕ �tĂĐŽ�dy͘� 
ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�EƵƚƌŝƟŽŶ͕��ĂǇůŽƌ�hŶŝǀĞƌƐŝƚǇ͕ �tĂĐŽ�dy 
 
�ůƚĞƌĂƟŽŶƐ�ŝŶ�ƚŚĞ�ĐŽŵŵƵŶŝƚǇ�ƐƚƌƵĐƚƵƌĞ�ŽĨ�ƚŚĞ�ŐƵƚ�ŵŝĐƌŽďŝŽŵĞ�ĂƌĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞ�ŚŽƐƚ�ƉŚǇƐŝŽůŽŐǇ͕ �
ŝŶĐůƵĚŝŶŐ�ŝŶŇĂŵŵĂƟŽŶ͘���ĐƌŝƟĐĂů�ĐŽŵƉŽŶĞŶƚ�ŽĨ�ƚŚĞ�ŝŶŇĂŵŵĂƚŽƌǇ�ƌĞƐƉŽŶƐĞ�ƐǇƐƚĞŵ�ĂƌĞ�ƌĞĐĞƉƚŽƌƐ�ĐĂƉĂďůĞ�ŽĨ�ƐĞŶƐŝŶŐ�
ĨŽƌĞŝŐŶ�ŶƵĐůĞŝĐ�ĂĐŝĚƐ�;Ğ͘Ő͘�ƐŵĂůů�ZE�ƐͿ�ƚŚĂƚ�ĂƌĞ�ĐĂƌƌŝĞĚ�ĂƐ�ĐĂƌŐŽ�ŝŶ�ďĂĐƚĞƌŝĂů�ŽƵƚĞƌ�ŵĞŵďƌĂŶĞ�ǀĞƐŝĐůĞƐ�;KDsƐͿ͘�dŚĞ�
ŵĞĐŚĂŶŝƐŵ�ďǇ�ǁŚŝĐŚ�ŚƵŵĂŶ�ĞǆƚƌĂĐĞůůƵůĂƌ�ZE�Ɛ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞƐ�ŚĂǀĞ�ďĞĞŶ�ǁĞůů�ĞƐƚĂďůŝƐŚĞĚ͕�ƚŚĞ�ĐŽŶƚƌŝďƵƟŽŶ�ŽĨ�
ďĂĐƚĞƌŝĂů�ƐZE��ƚŽ�ƚŚĞ�ŚŽƐƚ�ŝŵŵƵŶĞ�ƐǇƐƚĞŵ�ŝƐ�ƵŶĐůĞĂƌ͘ �tĞ�ŚǇƉŽƚŚĞƐŝǌĞ�ƚŚĂƚ�ƉĂƚŚŽŐĞŶŝĐ�ĂŶĚ�ĐŽŵŵĞŶƐĂů�ŵŝĐƌŽďĞƐ�ƵƐĞ�
KDs-ĂƐƐŽĐŝĂƚĞĚ�ƐŵĂůů�ZE��ƐƉĞĐŝĞƐ�ƚŽ�ĚŝīĞƌĞŶƟĂůůǇ�ĂīĞĐƚ�ŚŽƐƚ�ŝŶŇĂŵŵĂƚŽƌǇ�ƌĞƐƉŽŶƐĞƐ͘�&ŝƌƐƚ͕�ǁĞ�ƉƌŽĮůĞĚ�ƚŚĞ�ƐŵĂůů�ZE��
ƐƉĞĐŝĞƐ�ŽĨ�ƉƵƌŝĮĞĚ�KDsƐ�ĨƌŽŵ�Ă�ĐŽŵŵĞŶƐĂů�ƐƚƌĂŝŶ�;Ed�&Ϳ�ĂŶĚ�Ă�ƉĂƚŚŽŐĞŶŝĐ�ƐƚƌĂŝŶ�;�d�&Ϳ�ŽĨ��ĂĐƚĞƌŽŝĚĞƐ�ĨƌĂŐŝůŝƐ͘�dŽ�
ĚŝƐƟŶŐƵŝƐŚ�ƚŚĞ�ĚŝīĞƌĞŶĐĞƐ�ŝŶ�ƚŚĞ�ƐZE��ƉƌŽĮůĞƐ�ŽĨ�ďŽƚŚ�ƐƚƌĂŝŶƐ�ĂŶĚ�ƚŚĞŝƌ�KDsƐ͕�ǁĞ�ĐŽŶĚƵĐƚĞĚ�ƐŵĂůů�ZE�-ƐĞƋ�ĂŶĚ�
ŝĚĞŶƟĮĞĚ�ĞŶƌŝĐŚŵĞŶƚ�ŽĨ�ƐƉĞĐŝĮĐ�ƐZE��ƐƉĞĐŝĞƐ�ŝŶ�KDsƐ�ƚŚĂƚ�ǁĞƌĞ�ĚŝīĞƌĞŶƟĂůůǇ�ĞǆƉƌĞƐƐĞĚ�ďĞƚǁĞĞŶ�ƐƚƌĂŝŶƐ͘�dŚŝƐ�ĞǀŝĚĞŶĐĞ�
ůĞĚ�ƵƐ�ƚŽ�ŝŶǀĞƐƟŐĂƚĞ�ƚŚĞ�ĚŝīĞƌĞŶƟĂů�ĞīĞĐƚƐ�ŽĨ�ƚŚĞƐĞ�KDsƐ�ŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚelial cells. Using Caco-Ϯ�ĂŶĚ�,dϮϵ�ĐĞůůƐ�
ĞǆƉŽƐĞĚ�ƚŽ�KDsƐ�ĨƌŽŵ�ĞĂĐŚ�ƐƚƌĂŝŶ͕�ǁĞ�ƌĂŶ�ƋW�Z�ƚŽ�ƚĞƐƚ�ƐĞǀĞƌĂů�ƉƌŽ- ĂŶĚ�ĂŶƟ-ŝŶŇĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞƐ͘�tĞ�ŽďƐĞƌǀĞĚ�ƚŚĂƚ�
ďŽƚŚ�ƐƚƌĂŝŶƐ�ƵƉƌĞŐƵůĂƚĞ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�/>-ϭɴ�ĂŶĚ�d'&ɴ͕�ďƵƚ�Ed�&�ƐƟŵƵůĂƚĞƐ�Ă�ŐƌĞĂƚĞƌ�ƌĞƐƉŽŶƐĞ�ŝŶ�/>-ϴ�ĐŽŵƉĂƌĞĚ�ƚŽ�
�d�&͘ �dŚĞƐĞ�ƌĞƐƵůƚƐ�ŝŶĚŝĐĂƚĞ�ƚŚĂƚ�ďĂĐƚĞƌŝĂ�ŵĂǇ�ƉƌĞĨĞƌĞŶƟĂůůǇ�ůŽĂĚ�ƐŵĂůů�ZE�Ɛ�ŝŶƚŽ�ǀĞƐŝĐůĞƐ�ƚŚĂƚ�ƚĂƌŐĞƚ�ŚŽƐƚ�ĐĞůůƐ͕�ǁŚŝĐŚ�
ĚŝīĞƌĞŶƟĂůůǇ�ĂīĞĐƚ�ŚŽƐƚ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞƐ�ƚŚƌŽƵŐŚ�ZE�-ƐĞŶƐŝŶŐ�ƉĂƚŚǁĂǇƐ͘�KǀĞƌĂůů͕�ŽƵƌ�ĚĂƚĂ�ƐƵŐŐĞƐƚ�Ă�ŬĞǇ�ĨƵŶĐƟŽŶ�of 
ďĂĐƚĞƌŝĂů�ƐŵĂůů�ZE�Ɛ�ĂŶĚ�ƚŚĞŝƌ�KDs�ǀĞŚŝĐůĞƐ�ŝŶ�ĐŽŶƚƌŽůůŝŶŐ�ŚŽƐƚ�ŝŵŵƵŶĞ�ƐǇƐƚĞŵ͘ 

 

 



Poster Abstract # 19 

DĂƌƐĂůĂƐ tŚŝƚĂŬĞƌ 
sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ 
 
�ĂƉƚƵƌĞ�ŽĨ�&ůƵŽƌŽ-ůĂďĞůůĞĚ��'&Zн��ǆƚƌĂĐĞůůƵůĂƌ sĞƐŝĐůĞƐ�ƵƐŝŶŐ��ŝŽ-ĨƵŶĐƟŽŶĂůŝǌĞĚ�
DĂŐŶĞƟĐ�WĂƌƟĐůĞƐ 
DĂƌƐĂůĂƐ�tŚŝƚĂŬĞƌ�ϭ͕��ŚƌŝƐ�,ĂǇĐŽŽŬ�WŚ��ϭ͕�&ĂŶ�yƵĞ�ϭ͕��ŚĞŶŐ��ĂŽ�WŚ��Ϯ͕�:ŝŵ�,ŝŐŐŝŶďŽƚŚĂŵ�WŚ��Ϯ͕�:Ğī�&ƌĂŶŬůŝŶ�WŚ��Ϯ͕�
�Žď��ŽīĞǇ�D��Ϯ�ĂŶĚ�dŽĚĚ�'ŝŽƌŐŝŽ�WŚ��ϭ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŝŽŵĞĚŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�sĂŶĚĞƌďŝůt University.  
Ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĞůůƵůĂƌ�ĂŶĚ��ĞǀĞůŽƉŵĞŶƚĂů��ŝŽůŽŐǇ͕ �sĂŶĚĞƌďŝůƚ�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ͘  
 
dŚĞ�ůĞǀĞů�ŽĨ�ĞƉŝĚĞƌŵĂů�ŐƌŽǁƚŚ�ĨĂĐƚŽƌ�ƌĞĐĞƉƚŽƌ�;�'&ZͿ�ƉƌĞƐĞŶƚ�ŝŶ�ƐƵďƉŽƉƵůĂƟŽŶƐ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ŝƐ�
ĚĞƉĞŶĚĞŶƚ�ŽŶ�ƚŚĞ�ůĞǀĞů�ĂŶĚ�ĂĐƟǀĂƟŽŶ ŽĨ��'&Z�ǁŝƚŚŝŶ�ƚŚĞ�ƚƵŵŽƌƐ�ĨƌŽŵ�ǁŚŝĐŚ��sƐ�ĂƌĞ�ĚĞƌŝǀĞĚ͘��ƵƌƌĞŶƚůǇ͕ �ƚŚĞƌĞ�ĂƌĞ�ƐĞǀĞƌĂů�
ƚĞĐŚŶŝƋƵĞƐ�ƵƐĞĚ�ƚŽ�ĞŶƌŝĐŚ�ĨŽƌ��sƐ͘�^ŽŵĞ�ĞǆĂŵƉůĞƐ�ĂƌĞ�ĚŝīĞƌĞŶƟĂů�ĂŶĚ�ŐƌĂĚŝĞŶƚ�ƵůƚƌĂĐĞŶƚƌŝĨƵŐĂƟŽŶ͕�ƐƵƌĨĂĐĞ�ĂĐŽƵƐƟĐ�ǁĂǀĞ�
;^�tͿ�ƚĞĐŚŶŽůŽŐǇ�ĂŶĚ�/ŵŵƵŶŽ- ĐĂƉƚƵƌĞ͘�dŚĞƌĞ�ĂƌĞ�Ă�ĐŽƵƉůĞ�ŽĨ�ƉŝƞĂůůƐ�ŽĨ�ƚŚĞƐĞ�ĐƵƌƌĞŶƚ��s�ƉƵƌŝĮĐĂƟŽŶ�ƚĞĐŚŶŝƋƵĞƐ͘�KŶĞ�ŝƐ�
ƌĞůǇŝŶŐ�ŽŶ�ƐŝǌĞ�ĂŶĚ�ĚĞŶƐŝƚǇ-ďĂƐĞĚ�ƉƵƌŝĮĐĂƟŽŶ�ŽĨ�ƐŵĂůů-�sƐ�ƚŚĂƚ�ĂƌĞ�ůĂďŽƌ�ŝŶƚĞŶƐŝǀĞ͘��ŶŽƚŚĞƌ�ĐŚĂůůĞŶŐĞ�ĨŽƌ�ƉƵƌŝĮĐĂƟŽŶ�ŽĨ�
�sƐ�ĨƌŽŵ�ďŝŽŇƵŝĚƐ�ůŝŬĞ�ƉůĂƐŵĂ�ĂŶĚ�ĐŽŶĚŝƟŽŶĞĚ�ŵĞĚŝĂ�ŝƐ�ĐŽƉƵƌŝĮĐĂƟŽŶ�ŽĨ�ĐŽŶƚĂŵŝŶĂŶƚƐ�ĨƌŽŵ�ŽƚŚĞƌ�ƐĞĐƌĞƚĞĚ�
ŶĂŶŽƉĂƌƟĐůĞƐ�ƚŚĂƚ�ĂƌĞ�ŶŽƚ�ƐƵĸĐŝĞŶƚůǇ�ƐĞƉĂƌĂƚĞĚ�ĨƌŽŵ��sƐ͘��Ž-ƉƵƌŝĮĐĂƟŽŶ�ŽĨ�ƐŽŵĞ�ƐƵĐŚ�ŶĂŶŽƉĂƌƟĐůĞƐ�ƚĞƌŵĞĚ�
ƐƵƉĞƌŵĞƌĞƐ͕�ƐŽŵĞ�ŽĨ�ǁŚŝĐŚ�ĐŽŶƚĂŝŶ�ƚŚĞ�ƐĞĐƌĞƚĞĚ�ƉƌŽƚĞŝŶ�d'&�/͕�ĐĂŶ�ĐŽŶĨŽƵŶĚ�ĂŶĂůǇƐŝƐ�ŽĨ�ƉƵƌŝĮĞĚ��sƐ͘ ,ĞƌĞ͕�ǁĞ�
ĚĞǀĞůŽƉĞĚ�ĂŶƟďŽĚǇ-ĐŽŶũƵŐĂƚĞĚ�ƐƵƉĞƌƉĂƌĂŵĂŐŶĞƟĐ�ŵŝĐƌŽƉĂƌƟĐůĞƐ�ǁŝƚŚ�ĐůĞĂǀĂďůĞ��E��ůŝŶŬĞƌƐ�ƚŽ�ĞŶĂďůĞ�ƚŚĞ�ĐĂƉƚƵƌĞ�ĂŶĚ�
non-ĚĞƐƚƌƵĐƟǀĞ�ƌĞůĞĂƐĞ�ŽĨ��'&Zн��sƐ͘�tĞ�ƵƟůŝǌĞĚ��E��ůŝŶŬĞƌƐ�ƵƐŝŶŐ�ĐŽŶǀĞŶƟŽŶĂů�ĐŽƉƉĞƌ-ĨƌĞĞ�͞ĐůŝĐŬ͟�ĐŚĞŵŝƐƚƌǇ�ƐǇŶƚŚĞƐŝƐ�
ŵĞƚŚŽĚƐ�ƚŽ�ŐĞŶĞƌĂƚĞ�ĐĞƚƵǆŝŵĂď-�E��;�dy-�E�Ϳ�ĐŽŶũƵŐĂƚĞƐ͘�>ŝŶŬĞƌƐ�ĐŽŶƚĂŝŶ�ƚǁŽ�ƵŶŝƋƵĞ�ƌĞƐƚƌŝĐƟŽŶ�ƐŝƚĞƐ�ƚŽ�ƉƌŽǀŝĚĞ�
ƐĞůĞĐƟǀĞ�ůĂďĞůŝŶŐ�ĂŶĚ�ůŝďĞƌĂƟŽŶ�ŽĨ��sƐ�ŵĞĚŝĂƚĞĚ�ďǇ��Ăŵ,/�ĂŶĚ��ůĂ/�ƌĞƐƚƌŝĐƟŽŶ�ĞŶǌǇŵĞ�ĐůĞĂǀĂŐĞ͘�^ƵƉĞƌƉĂƌĂŵĂŐŶĞƟĐ�
ŵŝĐƌŽƉĂƌƟĐůĞƐ�ǁĞƌĞ�ĚĞĐŽƌĂƚĞĚ�ǁŝƚŚ�ĚŝīĞƌĞŶƚ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ��dy-�E��ƚŽ�ƚĞƐƚ�ĐŽŶĚŝƟŽŶƐ�ůĞĂĚŝŶŐ�ƚŽ�ĞĸĐŝĞŶƚ�
ƉƵƌŝĮĐĂƟŽŶ�ĂŶĚ�ƌĞůĞĂƐĞ�ŽĨ��'&Zн��sƐ�ĨƌŽŵ�ĐŽŵƉůĞǆ�ďŝŽůŽŐŝĐĂů�ƐĂŵƉůĞƐ͘�dŽ�ĚŽ�ƚŚŝƐ͕�ǁĞ�ĂĚĚ�ŽƵƌ��dy-DNA 
DĂŐŶĞƚŽƉĂƌƟĐůĞƐ�ŝŶƚŽ�Ă�ĐŽŶĚŝƟŽŶĞĚ�ĐŽůŽƌĞĐƚĂů�ĐĂŶĐĞƌ�ĚĞƌŝǀĞĚ��ŝ&ŝ�ĐĞůů�ŵĞĚŝĂ�ǁŝƚŚ�ŇƵŽƌĞƐĐĞŶƚ-ůĂďĞůůĞĚ��sƐ͘��ƵƌŝŶŐ�ƚŚĞ�
ŝŶĐƵďĂƟŽŶ�ƉĞƌŝŽĚ͕��'&Zн��sƐ�ǁŝůů�ďŝŶĚ�ƚŽ��dy�ƚŚĞŶ�ĂŌĞƌ�ƚŚĞ�ƌĞĂĐƟŽŶ�ŝƐ�ƐƚŽƉƉĞĚ͕�ǁĞ�ƉĞƌĨŽƌŵ�ŵĂŐŶĞƟĐ�ƐĞƉĂƌĂƟŽŶ�ĂŶĚ�Ă�
ƐĞƌŝĞƐ�ŽĨ�ǁĂƐŚĞƐ�ƚŽ�ƉƵƌŝĨǇ�ƚŚĞ�͞ĐĂƉƚƵƌĞĚ͟��sƐ͘��ŌĞƌǁĂƌĚƐ͕�ǁĞ�ƋƵĂŶƟĨǇ�ŽƵƌ�ĐĂƉƚƵƌĞ�ĂŶĂůǇƐŝƐ�ƵƐŝŶŐ�ƚǁŽ�ŵĞƚŚŽĚƐ͗�
^ƉĞĐƚƌŽƉŚŽƚŽŇŽƵƌŽŵĞƚĞƌ��ŵŝƐƐŝŽŶ�ĂŶĚ�tĞƐƚĞƌŶ�/ŵŵƵŶŽ-ďůŽƚƐ͘�YƵĂůŝƚǇ�ĐŽŶƚƌŽů�ƉĂƌĂŵĞƚĞƌƐ�;ǀŽůƵŵĞ�ǇŝĞůĚƐ͕�ĚĞŐƌĞĞ�ŽĨ�
ůĂďĞůůŝŶŐ����Kͬ�ŶƟďŽĚǇ�ĂŶĚ�EĂŶŽĚƌŽƉ�/Ő'�ĐŽŶĐĞŶƚƌĂƟŽŶƐͿ�ǁĞƌĞ�ĞǀĂůƵĂƚĞĚ�ĂŶĚ�ŚĂƐ�ŚĞůƉĞĚ�ƚŽ�ŽƉƟŵŝǌĞ�ƚŚĞ�ĐĂƉƚƵƌĞ�
ĂŶĂůǇƐŝƐ�ƉĞƌĨŽƌŵĞĚ�ƚŽ�ƐŚŽǁ�ƐŝŐŶĂů�ŽĨ��'&Zн��sƐ͘�/Ŷ�ĐŽŶĐůƵƐŝŽŶ͕�ǁĞ�ǁŝůů�ĚĞƚĞƌŵŝŶĞ�ŽƉƟŵĂů�ĐŽŶĚŝƟŽŶƐ�ĨŽƌ�ŝŵƉƌŽǀĞĚ�
ĞĸĐŝĞŶƚ��s�ĐĂƉƚƵƌĞ�ĨƌŽŵ�ďŝŽŇƵŝĚƐ�ǁŝƚŚ�ŝŶƚĂĐƚ��s�ƌĞůĞĂƐĞ�ƚŚƵƐ�ĂůůŽǁŝŶŐ�ŽƵƌ�ŐƌŽƵƉ�ƚŽ�ĞĸĐŝĞŶƚůǇ�ĐĂƉƚƵƌĞ�ĂŶĚ�ůĂďĞů��s�
ƐƵďƐĞƚƐ�ĨŽƌ�ƉƌŽƚĞŽŵŝĐ�ĂŶĚ�ŇŽǁ�ĂŶĂůǇƐŝƐ͘�dŚŝƐ�ǁŝůů�ƉƌŽǀŝĚĞ�ĂŶ�ĞĸĐŝĞŶƚ�ĂůƚĞƌŶĂƟǀĞ�ƚŽ�ƵůƚƌĂĐĞŶƚƌŝĨƵŐĂƟŽŶ�ĂŶĚ�ŽƚŚĞƌ�
ƚĞĐŚŶŝƋƵĞƐ�ƚŚĂƚ�ĂůůŽǁƐ�ƐƉĞĐŝĮĐ�ŝŶƚĞƌƌŽŐĂƟŽŶ�ŽĨ��s�ƐƵďƐĞƚƐ�ĐŽŶƚĂŝŶŝŶŐ�ƵŶŝƋƵĞ�ĂŶĂůǇƚĞƐ�ĨŽƌ�ǁŚŝĐŚ�ǁĞ�ŚĂǀĞ�ĂĸŶŝƚǇ�
ƌĞĂŐĞŶƚƐ͕�ƐƵĐŚ�ĂƐ��'&Z�ĂŶƟďŽĚŝĞƐ͘ 

 

 



Poster Abstract # 20 
EĂƚĂĐŚĂ �ĂƌŶĞů-Amar 
DĂƐƐĂĐŚƵƐĞƩƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů 
 
/ĚĞŶƟĮĐĂƟŽŶ�ŽĨ�DĂĐƌŽƉŚĂŐĞ-ƐƉĞĐŝĮĐ�DĂƌŬĞƌƐ�ŽŶ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ�ŝŶ�Ă�
dƌĂŶƐŐĞŶŝĐ�DŽƵƐĞ�DŽĚĞů�Θ�,ƵŵĂŶƐ 
Natacha Carnel-�ŵĂƌϭ͕�^ĂƌĂ��ďƵĞůƌĞŝĐŚϮ͕��ŶĚƌĂƐ�^ĂŌŝĐƐϮ͕�DŝĐŚĂŝů�^ƉĂŶŽƐϭ͕��ŵĞůŝ��ŚĂƩĞƌũĞĞϭ͕�tŽƌĂǁĂŶ�>ŝŵƉŝƟŬƵůϭ͕�
/ŽŶŝƚĂ�'ŚŝƌĂŶϯ͕�^ƚĞƉŚĞŶ�'ŽƵůĚϰ͕�ZŽďĞƌƚ�>�ZĂīĂŝϱ͕�<ĞŶĚĂůů�sĂŶ�<ĞƵƌĞŶ-:ĞŶƐĞŶϲ͕�dŝũĂŶĂ�:ŽǀĂŶŽǀŝĐ-dĂůŝƐŵĂŶϮ͕�^ĂƵŵǇĂ��ĂƐϭ 
ϭ͘��ĂƌĚŝŽǀĂƐĐƵůĂƌ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ͕ �DĂƐƐĂĐŚƵƐĞƩƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů͕��ŽƐƚŽŶ͕�D�͕�h^�͘ 
Ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĂŶĐĞƌ��ŝŽůŽŐǇ�ĂŶĚ�DŽůĞĐƵůĂƌ�DĞĚŝĐŝŶĞ͕��ĞĐŬŵĂŶ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕��ŝƚǇ�ŽĨ�,ŽƉĞ��ŽŵƉƌĞŚĞŶƐŝǀĞ�
Cancer Center, Duarte, CA, USA. 
ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĚŝĐŝŶĞ͕��ĞƚŚ�/ƐƌĂĞů��ĞĂĐŽŶĞƐƐ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů͕��ŽƐƚŽŶ͕�D��ϬϮϮϭϱ͕�h^� 
ϰ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŝŽůŽŐŝĐĂů��ŚĞŵŝƐƚƌǇ͕ �dŚĞ�:ŽŚŶƐ�,ŽƉŬŝŶƐ�hŶŝǀĞƌƐŝƚǇ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕�ϳϮϱ�EŽƌƚŚ�tŽůĨĞ�^ƚƌĞĞƚ͕�
�ĂůƟŵŽƌĞ͕�D��ϮϭϮϬϱ͕�h^� 
ϱ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�^ƵƌŐĞƌǇ͕ ��ŝǀŝƐŝŽŶ�ŽĨ�sĂƐĐƵůĂƌ�ĂŶĚ��ŶĚŽǀĂƐĐƵůĂƌ�^ƵƌŐĞƌǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕�^ĂŶ�&ƌĂŶĐŝƐĐŽ͕�^ĂŶ�
&ƌĂŶĐŝƐĐŽ͕����ϵϰϭϰϯ͕�h^� 
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�sĞƚĞƌĂŶƐ��īĂŝƌƐ͕�^ƵƌŐŝĐĂů�^ĞƌǀŝĐĞ�;ϭϭϮ'Ϳ͕�^ĂŶ�&ƌĂŶĐŝƐĐŽ�s��DĞĚŝĐĂů��ĞŶƚĞƌ͕ �^ĂŶ�&ƌĂŶĐŝƐĐŽ͕��� 
6. NeurogenomŝĐƐ��ŝǀŝƐŝŽŶ͕�d'ĞŶ͕�WŚŽĞŶŝǆ͕����ϴϱϬϬϰ͕�h^� 
 
/ŶƚƌŽĚƵĐƟŽŶ͗��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ�;�sƐͿ�ĂƌĞ�ŬĞǇ�ŵĞĚŝĂƚŽƌƐ�ŽĨ�ŝŶƚĞƌĐĞůůƵůĂƌ�ĐŽŵŵƵŶŝĐĂƟŽŶ�ĂŶĚ�ĐĂŶ�ƚƌĂŶƐĨĞƌ�ǀĂƌŝŽƵƐ�ƚǇƉĞƐ�
ŽĨ�ŵŽůĞĐƵůĞƐ͕�ŝŶĐůƵĚŝŶŐ�ZE�͕�ƉƌŽƚĞŝŶƐ͕�ĂŶĚ�ůŝƉŝĚƐ͕�ďĞƚǁĞĞŶ�ĐĞůůƐ͘� 
DĂĐƌŽƉŚĂŐĞƐ͕�Ă�ƉƌŽŵŝŶĞŶƚ�ƚǇƉĞ�ŽĨ�ŝŵŵƵŶĞ�ĐĞůůƐ͕�ĂƌĞ�ŬŶŽǁŶ�ƚŽ�ƌĞůĞĂƐĞ��sƐ�ǁŝƚŚ�ĚŝƐƟŶĐƚ�ĐŽŶƚĞŶƚƐ�ĂŶĚ�ĨƵŶĐƟŽŶƐ͘�
,ŽǁĞǀĞƌ͕ �ƐƉĞĐŝĮĐ�ƐƵƌĨĂĐĞ�ŵĂƌŬĞƌƐ�ŽĨ�ŵĂĐƌŽƉŚĂŐĞ-ĚĞƌŝǀĞĚ��sƐ�ĂƌĞ�ƐƟůů�ƉŽŽƌůǇ�ĚĞĮŶĞĚ͘ dŚĞ��ǆŽDĂƉ�ŵŝĐĞ�ŵŽĚĞů�ƉƌŽǀŝĚĞƐ�
Ă�ƉůĂƞŽƌŵ�ƚŽ�ŝŶǀĞƐƟŐĂƚĞ�ƟƐƐƵĞ-ƐƉĞĐŝĮĐ��s�ƐƵďƉŽƉƵůĂƟŽŶƐ�ĂŶĚ�ƚŚĞ�ĐŽŵƉůĞǆŝƚǇ�ŽĨ��s�ŚĞƚĞƌŽŐĞŶĞŝƚǇ͘�tĞ�ŚĂǀĞ�ĨŽƵŶĚ�ƚŚĂƚ�
��ϭϲϵ�ĂŶĚ���ϲϴ�ŵĂƌŬĞƌƐ�ĂƌĞ�ƐƉĞĐŝĮĐ�ƚŽ�ŵĂĐƌŽƉŚĂŐĞƐ�ĂŶĚ�ŚĂǀĞ�ďĞĞŶ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ŝŵŵƵŶĞ�ĚŝƐĞĂƐĞƐ͕�ŝŶĐůƵĚŝŶŐ�
^ĂƌĐŽŝĚŽƐŝƐ͘ /Ŷ�ƚŚŝƐ�ƐƚƵĚǇ�ǁĞ�ƵƐĞĚ�ƚŚŝƐ�ŶŽǀĞů�ƚƌĂŶƐŐĞŶŝĐ�ŵŽƵƐĞ�ŵŽĚĞů�;�ǆŽDĂƉͿ�ĂŶĚ Ă�ĐŽŚŽƌƚ�ŽĨ�ƐĂƌĐŽŝĚŽƐŝƐ�ƉĂƟĞŶƚƐ�ƚŽ�
ƉƌŽďĞ�ƐƉĞĐŝĮĐ��s�ƉŽƉƵůĂƟŽŶƐ�ĂƌŝƐŝŶŐ�ƐƉĞĐŝĮĐĂůůǇ�ĨƌŽŵ�ŝŵŵƵŶĞ�ĐĞůůƐ�ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌĞ��s�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�Ăƚ�ƚŚĞ�ƐŝŶŐůĞ��s�
level. 
 
DĞƚŚŽĚ͗��ŽƵďůĞ�dƌĂŶƐŐĞŶŝĐ�ǀĂǀ-ĐƌĞͬ�ǆŽDĂƉ�ŵŝĐĞ�ĂŶĚ�ĂƉƉƌŽƉƌŝĂƚĞ�ůŝƩĞƌŵĂƚĞ�ǁŝůĚ-ƚǇƉĞ�ĐŽŶƚƌŽůƐ�ǁĞƌĞ�ƵƐĞĚ�ƚŽ�ĂƐƐĂǇ�ĨŽƌ�
ŝŵŵƵŶĞ�;ǀĂǀ-ĞǆƉƌĞƐƐŝŶŐͿ�ĐĞůů�ĚĞƌŝǀĞĚ��sƐ͘�/Ŷ�ƚŚŝƐ�ŵŽƵƐĞ�ŵŽĚĞů͕�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ĐƌĞ�ŝŶ�ƚŚĞ�ǀĂǀ-ĞǆƉƌĞƐƐŝŶŐ�ĐĞůůƐ�
;ŚĞŵĂƚŽƉŽŝĞƟĐ�ĐĞůůƐ�ĂŶĚ�ŵŽƐƚůǇ�ŝŵŵƵŶĞ�ĐĞůůƐ�ŝŶ�ƚŚĞ�ƉŽƐƚ-ŶĂƚĂů�ŵŽƵƐĞͿ͕�ůĞĂĚƐ�ƚŽ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ŚƵŵĂŶŝǌĞĚ���ϴϭ�;ŚƐ��ϴϭͿ�
ĂŶĚ�ŵEĞŽŶ'ƌĞĞŶ�ŝŶ�ƚŚĞ�ŝŵŵƵŶĞ�ĐĞůůƐ�ĂŶĚ�ŝŶ�ƚŚĞŝƌ��sƐ͘� ^ŝǌĞ��ǆĐůƵƐŝŽŶ��ŽůƵŵŶ�;^��Ϳ�ĂŶĚ�ŝŵŵƵŶŽ-ƉƵůůĚŽǁŶ�ǁŝƚŚ�ĞŝƚŚĞƌ�
ĂŶƟ-ŚƐ��ϴϭ�Žƌ�ĂŶƟ-��ϭϲϵͬ��ϲϴ�ĂŶƟďŽĚŝĞƐ�;ĨƌŽŵ�ƚŚĞ�ŵŽƵƐĞ�Žƌ�ŚƵŵĂŶ�ƉůĂƐŵĂ͕�ƌĞƐƉĞĐƟǀĞůǇͿ�ǁĞƌĞ�ƵƐĞĚ�ƚŽ�ŝƐŽůĂƚĞ�
ŵĂĐƌŽƉŚĂŐĞ-ƐƉĞĐŝĮĐ��sƐ͘� ϯ�ŵŝZE�Ɛ�;ŵŝƌϮϮϯ͕�ŵŝƌϯϳϰĐ͕�ŵŝƌϰϭϮͿ�ƐƉĞĐŝĮĐ�ƚŽ�ŵĂĐƌŽƉŚĂŐĞƐ�ǁĞƌĞ�ƚĞƐƚĞĚ�ƵƐŝŶŐ��ƌŽƉůĞƚ��ŝŐŝƚĂů�
W�Z�;ĚĚW�ZͿ͘� dŽ�ĚĞƐŝŐŶ�ŽƵƌ�ŚƵŵĂŶ�ƉŝůŽƚ�ƐƚƵĚǇ͕ �ǁĞ�ĐŚŽƐĞ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�ĂĐƟǀĞ�ƐĂƌĐŽŝĚŽƐŝƐ�;ŶсϭϬͿ͕�ůĂƚĞŶƚ�ƐĂƌĐŽŝĚŽƐŝƐ�
;ŶсϭϬͿ͕�ŚĞĂůƚŚǇ�ĐŽŶƚƌŽůƐ�;ŶсϭϬͿ�ƚŽ�ĐŽŵƉĂƌĞ�ƚŚĞ�ůĞǀĞů�ŽĨ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ƐƉĞĐŝĮĐ�ŝŵŵƵŶĞ�ŵĂƌŬĞƌƐ�ŝŶ�ƚŚĞŝƌ�ďůŽŽĚ͘ 
ZĞƐƵůƚƐ͗��ŽŶĞ�ŵĂƌƌŽǁ�ĐĞůůƐ�ƉƌĞƉĂƌĞĚ�ĨƌŽŵ�ǀĂǀ-ĐƌĞͬ�ǆŽDĂƉ�ŵŝĐĞ�ďƵƚ�ŶŽƚ�ǁŝůĚ-ƚǇƉĞ�ůŝƩĞƌ�ŵĂƚĞ�ĐŽŶƚƌŽůƐ�ǁĞƌĞ�ĨŽƵŶĚ�ƚŽ�
ĞǆƉƌĞƐƐ�ŵEĞŽŶ�'ƌĞĞŶ�ĂŶĚ�ŚƐ��ϴϭ͘� /ŵŵƵŶŽ-ƉƵůůĚŽǁŶ�ĐŽŵďŝŶĞĚ�ǁŝƚŚ�ǀĞƐŝĐůĞ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�ĚĞĮŶĞĚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�
ŚƐ��ϴϭͬŵEĞŽŶ'ƌĞĞŶ��sƐ�ŝŶ�ƚŚĞ�ƉůĂƐŵĂ�ŽĨ�ǀĂǀ-ĐƌĞͬ�ǆŽDĂƉ�ďƵƚ�ŶŽƚ�ǁŝůĚ-ƚǇƉĞ�ŵŝĐĞ͕�ĚĞŵŽŶƐƚƌĂƟŶŐ�ƚŚĞ�ƐƉĞĐŝĮĐŝƚǇ�ŽĨ�ƚŚĞ�
ŵŽĚĞů�ĨŽƌ�ŝŵŵƵŶĞ�ĐĞůůƐ͘���ǆƉƌĞƐƐŝŽŶ�ŽĨ���ϲϴ�ĂŶĚ���ϭϲϵ�ǁĂƐ�ƌŽďƵƐƚ�ŽŶ�ƚŚĞ��sƐ�ŝƐŽůĂƚĞĚ�ƵƐŝŶŐ�ŝŵŵƵŶŽ-ƉƵůůĚŽǁŶ�ǁŝƚŚ�
ŚƐ��ϴϭ�ƐƉĞĐŝĮĐ�ĂŶƟďŽĚŝĞƐ�ĨƌŽŵ�ƚŚĞ��ŽƵďůĞ�dƌĂŶƐŐĞŶŝĐ�ǀĂǀ-ĐƌĞͬ�ǆŽDĂƉ�ŵŝĐĞ�ǁŚŝĐŚ�ŝƐ�ĐŽŶƐŝƐƚĞŶƚ�ǁŝƚŚ�ƚŚĞ�ŝŵŵƵŶĞ�
ƐƉĞĐŝĮĐŝƚǇ�ŽĨ�ƚŚĞ�ǀĂǀ-ĐƌĞ�ĞǆƉƌĞƐƐŝŽŶ͘�KŶŐŽŝŶŐ�ƐƚƵĚŝĞƐ�ĞǆĂŵŝŶĞ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ƚŚĞƐĞ�ŵĂƌŬĞƌƐ�ŝŶ�ĐŝƌĐƵůĂƟŶŐ��sƐ�ŽĨ�ŵŝĐĞ�
ŝŶũĞĐƚĞĚ�ǁŝƚŚ�>W^�ƚŽ�ƐƟŵƵůĂƚĞ�ƚŚĞ�ƌĞůĞĂƐĞ�ŽĨ�ŵĂĐƌŽƉŚĂŐĞ-�sƐ͘ hƐŝŶŐ�ŚƵŵĂŶ�ƉŽŽůĞĚ�ƉůĂƐŵĂ͕�ǁĞ�ĚĞƚĞĐƚĞĚ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�
��ϲϴ�ŽŶ�ƚŚĞ��sƐ�ŝƐŽůĂƚĞĚ�ƵƐŝŶŐ�ŝŵŵƵŶŽ-ƉƵůůĚŽǁŶ�ǁŝƚŚ���ϭϲϵ�ƐƉĞĐŝĮĐ�ĂŶƟďŽĚǇ͕ �ƐƵŐŐĞƐƟŶŐ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ďŽƚŚ�ŵĂƌŬĞƌƐ�
ŽŶ�ŵĂĐƌŽƉŚĂŐĞ�ƐƉĞĐŝĮĐ��sƐ͘��Ŷ�ĞǆĂŵŝŶĂƟŽŶ�ŽĨ�ƚŚĞ�ZE��ĐŽŶƚĞŶƚƐ�ĐĂƌƌŝĞĚ�ďǇ��sƐ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�ĐŽŶƚƌŽů�Žƌ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�
ĂĐƟǀĞ�ƐĂƌĐŽŝĚŽƐŝƐ�ŝƐ�ŽŶ-going. 
 
�ŽŶĐůƵƐŝŽŶ͗�KƵƌ�ĮŶĚŝŶŐƐ�ƐƵƉƉŽƌƚ�ƚŚĞƐĞ�ŵĂƌŬĞƌƐ�ĂƐ�ĐŽŶƐĞƌǀĞĚ�ďĞƚǁĞĞŶ�ŵŽƵƐĞ�ĂŶĚ�ŚƵŵĂŶ�ƐĂŵƉůĞƐ͕�ŝŶĚŝĐĂƟŶŐ�ƚŚĞŝƌ�
ƉŽƚĞŶƟĂů�ĂƐ�ƵŶŝǀĞƌƐĂů�ŵĂƌŬĞƌƐ�ŽĨ�ŵĂĐƌŽƉŚĂŐĞ-ĚĞƌŝǀĞĚ��sƐ͘�KƵƌ�ĮŶĚŝŶŐƐ�ĐŽƵůĚ�ŝŵƉƌŽǀĞ�ĚŝĂŐŶŽƐƟĐ�ƐƉĞĐŝĮĐŝƚǇ�ŝŶ�ĚŝƐĞĂƐĞƐ�
ǁŚĞƌĞ�ŵĂĐƌŽƉŚĂŐĞƐ�ƉůĂǇ�Ă�ŬĞǇ�ƌŽůĞ͘�KŶŐŽŝŶŐ�ĞǆƉĞƌŝŵĞŶƚƐ�Ăŝŵ�ƚŽ�ĐŽŵƉƌĞŚĞŶƐŝǀĞůǇ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ŝŶĚŝǀŝĚƵĂů�ŵĂĐƌŽƉŚĂŐĞ-
ĚĞƌŝǀĞĚ��sƐ�ƵƐŝŶŐ�ƚŚĞ�ƋƵĂŶƟƚĂƟǀĞ�ƐŝŶŐůĞ�ŵŽůĞĐƵůĞ�ůŽĐĂůŝǌĂƟŽŶ�ŵŝĐƌŽƐĐŽƉǇ�;Ƌ^D>DͿ͘�dŽŐĞƚŚĞƌ͕ �ŽƵƌ�ĮŶĚŝŶŐƐ�ƉƌŽǀŝĚĞ�Ă�
ǀĂůƵĂďůĞ�ƌĞƐŽƵƌĐĞ�ĨŽƌ�ĨƵƚƵƌĞ�ƐƚƵĚŝĞƐ�ŽĨ�ŵĂĐƌŽƉŚĂŐĞ-�s�ĐŽŵŵƵŶŝĐĂƟŽŶ�ĂŶĚ�ĐŽƵůĚ�ƐĞƌǀĞ�ŝŶ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ��s-ďĂƐĞĚ�
ĚŝĂŐŶŽƐƟĐ�ĂŶĚ�ƚŚĞƌĂƉĞƵƟĐ�ƐƚƌĂƚĞŐŝĞƐ͘ 
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�ŵĞůŝ �ŚĂƩĞƌũĞĞ 
DĂƐƐĂĐŚƵƐĞƩƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů 
 
�Ŷ�/Ŷ�sŝǀŽ�DŽĚĞů�ƚŽ�WƌŽĮůĞ��ĂƌĚŝĂĐ�^ƉĞĐŝĮĐ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ��ƵƌŝŶŐ�/ƐĐŚĞŵŝĐ�
ZĞƉĞƌĨƵƐŝŽŶ��ŽŶĚŝƟŽŶ 
�ŵĞůŝ��ŚĂƩĞƌũĞĞϭΎ͕�^ĂƌĂŚ��ďƵĞůƌĞŝĐŚϮΎ͕��ŶĚƌĂƐ�^ĂŌŝĐƐϮ͕�EĂƚĂĐŚĂ��ĂƌŶĞů-�ŵĂƌϭ͕��ŶĂ��ŚŝĂƌĞƫϭ͕�WƌŝǇĂŶŬĂ�'ŽŬƵůŶĂƚŚϭ͕�
DŝĐŚĂŝů�^ƉĂŶŽƐϭ͕�'ƵŽƉŝŶŐ�>ŝϭ͕�:ŽĐŚĞŶ��͘�DƵĞŚůƐĐŚůĞŐĞůϯ͕�dŝũĂŶĂ�:ŽǀĂŶŽǀŝĐ-dĂůŝƐŵĂŶϮ͕�ĂŶĚ�^ĂƵŵǇĂ��ĂƐϭ 
ϭ͘��ĂƌĚŝŽǀĂƐĐƵůĂƌ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ͕ �DĂƐƐĂĐŚƵƐĞƩƐ�'ĞŶĞƌĂů�,ŽƐƉŝƚĂů͕��ŽƐƚŽŶ͕�D�͕�USA. 
Ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĂŶĐĞƌ��ŝŽůŽŐǇ�ĂŶĚ�DŽůĞĐƵůĂƌ�DĞĚŝĐŝŶĞ͕��ĞĐŬŵĂŶ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕��ŝƚǇ�ŽĨ�,ŽƉĞ��ŽŵƉƌĞŚĞŶƐŝǀĞ�
Cancer Center, Duarte, CA, USA. 
ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŶĞƐƚŚĞƐŝŽůŽŐǇ͕ �WĞƌŝŽƉĞƌĂƟǀĞ�ĂŶĚ�WĂŝŶ�DĞĚŝĐŝŶĞ͕��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŶĞƐƚŚĞƐŝŽůŽŐǇ͕ ��ƌŝŐŚĂŵ�ĂŶĚ�
tŽŵĞŶ Ɛ͛�,ŽƐƉŝƚĂů�͕�D�͕�h^�͘ 
 
 
�ĂĐŬŐƌŽƵŶĚ͗�/ƐĐŚĞŵŝĐ�ŚĞĂƌƚ�ĚŝƐĞĂƐĞ�ŝƐ�ƚŚĞ�ůĞĂĚŝŶŐ�ĐĂƵƐĞ�ŽĨ�ŵŽƌƚĂůŝƚǇ�ǁŽƌůĚǁŝĚĞ͘��ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ĂŶĚ�ƚŚĞŝƌ�
ĐŽŶƚĞŶƚƐ�ƉůĂǇ�ƉĂƌƟĐƵůĂƌůǇ�ƐŝŐŶŝĮĐĂŶƚ�ƌŽůĞƐ�ŝŶ�ƚŚĞ�ďŝŽůŽŐǇ�ŽĨ�ĐĂƌĚŝĂĐ�ŝƐĐŚĞŵŝĐ�ŝŶũƵƌǇ�ĂŶĚ�ƐƵďƐĞƋƵĞŶƚ�ƌĞŵŽĚĞůŝŶŐ͕�ŝŶĐůƵĚŝŶŐ�
ŵĞĚŝĂƟŶŐ�ĐƌŽƐƐ�ƚĂůŬ�ǁŝƚŚ�ƚŚĞ�ŝŵŵƵŶĞ�ƐǇƐƚĞŵ�ĂŶĚ�ŽƚŚĞƌ�ĐĞůů�ƚǇƉĞƐ͘�dŚƵƐ�ĐĂƌĚŝĂĐ�ƐƉĞĐŝĮĐ��sƐ�ĂŶĚ�ƚŚĞŝƌ�ĐŽŶƚĞŶƚƐ�ŵĂǇ�ƐĞƌǀĞ�
ĂƐ�ƐƉĞĐŝĮĐ�ďŝŽŵĂƌŬĞƌƐ�ŝŶ�ĐĂƌĚŝŽǀĂƐĐƵůĂƌ�ĚŝƐĞĂƐĞƐ͘͘ 

�ŝŵ͗�tĞ�ǁĂŶƚĞĚ�ƚŽ�ĨŽĐƵƐ�ŽƵƌ�ĂŶĂůǇƐĞƐ�ŽŶ�ƚŚĞ�ĚǇŶĂŵŝĐ�ƌĞŐƵůĂƟŽŶ�ŽĨ�ĐĂƌĚŝŽŵǇŽĐǇƚĞ-ĚĞƌŝǀĞĚ��sƐ�ŝŶ�ĐĂƌĚŝĂĐ�ŝƐĐŚĞŵŝĂ�ďǇ�
ůĞǀĞƌĂŐŝŶŐ�ŽƵƌ��s�ƌĞƉŽƌƚĞƌ�ƚƌĂŶƐŐĞŶŝĐ�ŵŽƵƐĞ�ŵŽĚĞů�;�ǆŽDĂƉ�ŵŽƵƐĞ͖�ŚƐ��ϴϭ-ŵEĞŽŶ'ƌĞĞŶ͕��ϱϳ�>ϲ�ďĂĐŬŐƌŽƵŶĚͿƚŽ�
ƐƚƵĚǇ�ĂĐƵƚĞ�ĂŶĚ�ĚǇŶĂŵŝĐ�ĐŚĂŶŐĞƐ�ŝŶ�ĐĂƌĚŝĂĐ��sƐ�ŝŶ�Ă�ŵƵƌŝŶĞ�ŵŽĚĞů�ŽĨ�ŝƐĐŚĞŵŝĐ�ŚĞĂƌƚ�ĚŝƐĞĂƐĞ͘�dŚŝƐ�ǁŝůů�ƉƌŽǀŝĚĞ�ƚŚĞ�
ĨƌĂŵĞǁŽƌŬ�ĨŽƌ�ĨƵƚƵƌĞ�ƐƚƵĚŝĞƐ�ƚŽ�ŝĚĞŶƟĨǇ�ĐĂƌĚŝŽŵǇŽĐǇƚĞ-ƐƉĞĐŝĮĐ�ŵĂƌŬĞƌƐ�ŽĨ�ŚĞĂƌƚ�ƌĞŵŽĚĞůŝŶŐ�ĂŌĞƌ�ŝƐĐŚĞŵŝĂ-ƌĞƉĞƌĨƵƐŝŽŶ�
injury. 

DĞƚŚŽĚ͗�dŚĞ��ǆŽDĂƉ�ŵŝĐĞ�ǁĞƌĞ�ĐƌŽƐƐĞĚ�ǁŝƚŚ�ƚŚĞ�ĂůƉŚĂ-D,�-ĐƌĞ�;�ϱϳ�>ϲͿ�ŵŝĐĞ�ƚŽ�ĐƌĞĂƚĞ�ĐĂƌĚŝĂĐ�ƐƉĞĐŝĮĐ�ĐƌĞ�ĞǆƉƌĞƐƐŝŽŶ͕�
reƐƵůƟŶŐ�ŝŶ�ŵEĞŽŶ'ƌĞĞŶ�ƉŽƐŝƟǀĞ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ͘��sƐ�ǁĞƌĞ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ƚŚĞ�ŚĞĂƌƚ�ƟƐƐƵĞƐ�ŽĨ�ƚŚĞ�ĚŽƵďůĞ�ƚƌĂŶƐŐĞŶŝĐ�
ŵŝĐĞ�ĨŽůůŽǁĞĚ�ďǇ�ƐƚĂŶĚĂƌĚ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ��sƐ͘�dŽ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ƚŚĞ�ĚŽƵďůĞ�ƚƌĂŶƐŐĞŶŝĐ�ŵŝĐĞ͕�ĐĂƌĚŝĂĐ�ƟƐƐƵĞ�ĚĞƌŝǀĞĚ��sƐ�
ǁĞƌĞ�ĂŶ�ŝŵŵƵŶŽĐĂƉƚƵƌĞĚ�ǁŝƚŚ�ŚƐ��ϴϭ�ĂŶĚ�ƉƌŽďĞĚ�ǁŝƚŚ�ĐĂƌĚŝĂĐ�ƐƉĞĐŝĮĐ��s�ŵĂƌŬĞƌƐ�ůŝŬĞ�dƌŽƉŽŶŝŶ�d�;dŶdͿ͕��,ZE��ĂůŽŶŐ�
ǁŝƚŚ�ĐĂŶŽŶŝĐĂů��s�ŵĂƌŬĞƌƐ�ůŝŬĞ���ϲϯ�ĂŶĚ��ůŝǆ͘�dŽ�ĂƐƐĞƐƐ�ǁŚĞƚŚĞƌ�ƚŚĞƌĞ�ŝƐ�ĂŶǇ�ƐŝŐŶŝĮĐĂŶƚ�ŝŶĐƌĞĂƐĞ�ŽĨ�ĐĂƌĚŝĂĐ��sƐ�ŝŶ�ƚŚĞ�
ĐŝƌĐƵůĂƟŽŶ�ĨŽůůŽǁŝŶŐ�ŝƐĐŚĞŵŝĂ-ƌĞƉĞƌĨƵƐŝŽŶ�ŝŶũƵƌǇ͕ �ǁĞ�ŐĞŶĞƌĂƚĞĚ�ĂŶ�/Z�ŵŽĚĞů�;ŶсϮͿ�ǁŝƚŚ�ϯϬ�ŵŝŶƵƚĞƐ�ŽĨ�ůĞŌ�ĂŶƚĞƌŝŽƌ�
ĚĞƐĐĞŶĚŝŶŐ�ĐŽƌŽŶĂƌǇ�ĂƌƚĞƌǇ�ůŝŐĂƟŽŶ�;>��Ϳ�ĨŽůůŽǁĞĚ�ďǇ�ƌĞƉĞƌĨƵƐŝŽŶ�ĨŽƌ�ϮϰŚƌƐ͘�^ŚĂŵ�ŽƉĞƌĂƚĞĚ�ŵŽƵƐĞ�;ŶсϭͿ�ǁĂƐ�ƵƐĞĚ�ĂƐ�
ĐŽŶƚƌŽů�ŐƌŽƵƉ͘�&Žƌ�ƐŝŶŐůĞ��s�ĂŶĂůǇƐŝƐ͕�ƉůĂƐŵĂ�ĚĞƌŝǀĞĚ�ǀĞƐŝĐůĞƐ�ĨƌŽŵ�ĚŽƵďůĞ�ƚƌĂŶƐŐĞŶŝĐ�/Z�ĂŶĚ�ƐŚĂŵ�ĐŽŶƚƌŽů�ŵŝĐĞ�ǁĞƌĞ�
ĂĸŶŝƚǇ�ŝƐŽůĂƚĞĚ�ƵƐŝŶŐ�ĞŝƚŚĞƌ�ŚƐ��ϴϭ�;ŚĞĂƌƚ-ĞŶƌŝĐŚĞĚ��sƐͿ�Žƌ�ŵ��ϴϭ�;ƚŽƚĂů-�sƐͿ�ĂŶĚ�ůĂďĞůĞĚ�ǁŝƚŚ�ŇƵŽƌĞƐĐĞŶƚ�ĂŶƟďŽĚŝĞƐ�
ĂŐĂŝŶƐƚ�ƚĞƚƌĂƐƉĂŶŝŶƐ�;ŵ��ϵͬŵ��ϲϯͬŵ��ϴϭͬŚƐ��ϴϭͿ͘��sƐ�ǁĞƌĞ�ŝŵĂŐĞĚ�ƵƐŝŶŐ�ƋƵĂŶƟƚĂƟǀĞ�ƐŝŶŐůĞ ŵŽůĞĐƵůĞ�ůŽĐĂůŝǌĂƟŽŶ�
ŵŝĐƌŽƐĐŽƉǇ�;Ƌ^D>DͿ�ƚŽ�ĚĞƚĞĐƚ�ƚĞƚƌĂƐƉĂŶŝŶƐ�ĂŶĚ�ƚŽƚĂů�ŝŶƚĞƌŶĂů�ƌĞŇĞĐƟŽŶ�ŇƵŽƌĞƐĐĞŶĐĞ�;d/Z&Ϳ�ŵŝĐƌŽƐĐŽƉǇ�ƚŽ�ĚĞƚĞĐƚ�
ŵEĞŽŶ'ƌĞĞŶ͖�Ŷсϯ�;ϭϱZK/ƐͿ͘ 

ZĞƐƵůƚ͗�tĞ�ǁĞƌĞ�ƐƵĐĐĞƐƐĨƵůůǇ�ĂďůĞ�ƚŽ�ƉĞƌĨŽƌŵ�ŝŵŵƵŶĞ-ŵĂŐŶĞƟĐ�ƉƵůůĚŽǁŶ�ƵƐŝŶŐ�Ă�ŚƵŵĂŶ�ĂŶƟ-��ϴϭ�ĂŶƟďŽĚǇ�ƚŽ�
ƐƉĞĐŝĮĐĂůůǇ�ŝƐŽůĂƚĞ�ĐĂƌĚŝĂĐ�ĚĞƌŝǀĞĚ��sƐ�ĨƌŽŵ�ŵŽƵƐĞ�ŚĞĂƌƚ�ƟƐƐƵĞ͘���ϲϯ͕��ůŝǆ͕�dŶd�ĂŶĚ��,ZE��ǁĞƌĞ�ŚŝŐŚůǇͬŽŶůǇ�ĞǆƉƌĞƐƐĞĚ�
ŝŶ�ƚŚĞ�ŚƐ��ϴϭ��s�ƉƵůů�ĚŽǁŶ�ĨƌĂĐƟŽŶ�ŽĨ�ƚŚĞ�ĚŽƵďůĞ�ƚƌĂŶƐŐĞŶŝĐ�ŵŝĐĞ�ĚĞŵŽŶƐƚƌĂƟŶŐ�ƚŚĞ�ŵĂƌŬĞƌƐ�ĐŚĂƌĂĐƚĞƌŝƐƟĐ�ĨŽƌ�
ĐĂƌĚŝŽŵǇŽĐǇƚĞ��sƐ͘�WůĂƐŵĂ�ĨƌŽŵ�/Z�ŵŽƵƐĞ�ϭ�ĂŶĚ�/Z�ŵŽƵƐĞ�Ϯ͕�ǇŝĞůĚĞĚ�ϱй�ĂŶĚ�ϳй�,Ɛ��ϴϭ-ƉŽƐŝƟǀĞ��sƐ͕�ƌĞƐƉĞĐƟǀĞůǇ�ǁŚŝůĞ�
ƉůĂƐŵĂ�ĨƌŽŵ�ƐŚĂŵ�ĐŽŶƚƌŽů�ŵŽƵƐĞ�ǇŝĞůĚĞĚ�Εϭй�,Ɛ��ϴϭ-ƉŽƐŝƟǀĞ��sƐ͘�&Žƌ�Ăůů�ƚŚƌĞĞ�ŵŝĐĞ͕�,Ɛ��ϴϭ-ƉŽƐŝƟǀĞ��sƐ�ƐŚŽǁĞĚ�Ă�
ůĂƌŐĞƌ��s�ƐŝǌĞ�;ŽŶ�ĂǀĞƌĂŐĞ�ϵϱ-ϵϳ�ŶŵͿ�ĐŽŵƉĂƌĞĚ�ƚŽ�͞ƚŽƚĂů͟��sƐ�;ĞŶƌŝĐŚĞĚ�ŝŶ�Dŵ��ϴϭ͕�ŽŶ�ĂǀĞƌĂŐĞ�ϴϮ-ϴϳŶŵͿ�ŝŶ�ůŝŶĞ�ǁŝƚŚ�
ŽƵƌ�ƉƌĞǀŝŽƵƐ�ŽďƐĞƌǀĂƟŽŶƐ�ŽŶ�ƐƵďƉŽƉƵůĂƟŽŶƐ�ŽĨ�ĐĂƌĚŝĂĐ-ĚĞƌŝǀĞĚ��sƐ͘ 

�ŽŶĐůƵƐŝŽŶ͗�&ƌŽŵ�ŽƵƌ�ƉƌĞůŝŵŝŶĂƌǇ�ĚĂƚĂ͕�ŝƚ�ĐĂŶ�ďĞ�ĐŽŶĐůƵĚĞĚ�ƚŚĂƚ�ƚŚŝƐ�ƚƌĂŶƐŐĞŶŝĐ�ŵŽƵƐĞ�ŵŽĚĞů�ĐĂŶ�ďĞ�ƵƐĞĚ�ĨŽƌ�ĐĂƌĚŝĂc 
ƐƉĞĐŝĮĐ��s�ƐƚƵĚŝĞƐ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�ǁĞ�ƐĂǁ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ŝŶĐƌĞĂƐĞ�ŝŶ�ĐĂƌĚŝĂĐ��sƐ�ŝŶ�ƚŚĞ�ĐŝƌĐƵůĂƟŽŶ�ĨŽůůŽǁŝŶŐ�ŝƐĐŚĞŵŝĂ-
ƌĞƉĞƌĨƵƐŝŽŶ�ŝŶũƵƌǇ͘��ƐƐĞƐƐŵĞŶƚ�ŽĨ��sƐ�ĨƌŽŵ�ƚŚŝƐ�ŵŽƵƐĞ�ŵŽĚĞů�ƉĂǀĞƐ�ƚŚĞ�ǁĂǇ�ƚŽ�ƚĞƐƚ�ŚĞĂƌƚ-ƐƉĞĐŝĮĐ�ŵĂƌŬĞƌƐ�ĂŶĚ�ƚŽ�
measure molecular changes ŝŶ��sƐ�ŝŶ�/Z�ĐŽŶĚŝƟŽŶƐ͘ 
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dǌƵ-zŝ �ŚĞŶ 
/ĐĂŚŶ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ�Ăƚ�DŽƵŶƚ�^ŝŶĂŝ 
 
�ǆƚƌĂĐĞůůƵůĂƌ�ZE��;ĞǆZE�Ϳ��ŶĂůǇƐŝƐ�ŽĨ�,ƵŵĂŶ��ŝŽŇƵŝĚƐ��ĞƌŝǀĞĚ��ǆƚƌĂĐĞůůƵůĂƌ�
WĂƌƟĐůĞƐ�hƐŝŶŐ��ŝīĞƌĞŶƚ��ŽŵƉƵƚĂƟŽŶĂů�dŽŽůƐ͘ 
dǌƵ-zŝ�;dŝŶĂͿ��ŚĞŶϭη͕��ĚŐĂƌ�'ŽŶǌĂůĞǌ-<ŽǌůŽǀĂϯη͕ dĂůŝĂŚ�^ŽůĞŵĂŶŝϭ͕�:ŽŚŶ�&ƵůůĂƌĚϮ͕ϱ͕�^ƵƐŵŝƚĂ�^ĂŚŽŽϰ͕�EĂƚĂƐŚĂ�<ǇƉƌŝĂŶŽƵϲ͕�
�ůĞǆ��ŚĂƌŶĞǇϮ͕ϱ͕��ƐŚ�dĞǁĂƌŝϲ͕�WĂŶŽƐ�ZŽƵƐƐŽƐϱ͕��ĂƌůŽƐ��ŽƌĚŽŶ-�ĂƌĚŽϭ͕�'ƵƐƚĂǀŽ�^ƚŽůŽǀŝƚǌŬŝϳ͕�EĂǀŶĞĞƚ��ŽŐƌĂϭ͕Ϯ͕ϳ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�WĂƚŚŽůŽŐǇ͕ �/ĐĂŚŶ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ�Ăƚ�DŽƵŶƚ�^ŝŶĂŝ͕�Ez͘ � 
Ϯ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�'ĞŶĞƟĐƐ�ĂŶĚ�'ĞŶŽŵŝĐƐ͕�/ĐĂŚŶ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ�Ăƚ�DŽƵŶƚ�^ŝŶĂŝ͕�Ez͘ � 
ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�KŶĐŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ͕�/ĐĂŚŶ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ�Ăƚ�DŽƵŶƚ�^ŝŶĂŝ͕�Ez͘ � 
ϰ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĂƌĚŝŽůŽŐǇ͕ �/ĐĂŚŶ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ�Ăƚ�DŽƵŶƚ�^ŝŶĂŝ͕�Ez͘ � 
ϱ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�WƐǇĐŚŝĂƚƌǇ͕ �/ĐĂŚŶ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ�Ăƚ�DŽƵŶƚ�^ŝŶĂŝ͕�Ez͘ � 
ϲ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�hƌŽůŽŐǇ͕ �/ĐĂŚŶ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ�Ăƚ�DŽƵŶƚ�^ŝŶĂŝ͕�Ez͘ �ϳ͘�/ŶƚĞƌŶĂƟŽŶĂů��ƵƐŝŶĞƐƐ�DĂĐŚŝŶĞ 
η��ƋƵĂů�ĐŽŶƚƌŝďƵƟŽŶƐ 
 
�ǆƚƌĂĐĞůůƵůĂƌ�ZE��;ĞǆZE�Ϳ͕�ŝĚĞŶƟĮĞĚ�ĂƐ�ƉĂƌƚ�ŽĨ�ƚŚĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�ĐĂŶŽƉǇ�ĐŽŵƉƌŝƐĞĚ�ŽĨ�ŵŝĐƌŽǀĞƐŝĐůĞƐ͕�ĞǆŽƐŽŵĞƐ͕�ĂŶĚ�
ůŝƉŽƉƌŽƚĞŝŶƐ͕�ŚĂƐ�ƐŚŽǁŶ�ƚŽ�ƉůĂǇ�Ă�ƌŽůĞ�ŝŶ�ĐĞůůƵůĂƌ�ĐƌŽƐƐƚĂůŬ�ĂŶĚ�ƉĂƚŚŽŐĞŶĞƐŝƐ͘�EĞǀĞƌƚŚĞůĞƐƐ͕�ƚŚĞ�ĚŝīĞƌĞŶĐĞƐ�ŝŶ�ƐŚŽƌƚ-ƌĞĂĚ�
ĂůŝŐŶĞƌƐ�ĂŶĚ�ĐŽŵƉƵƚĂƟŽŶĂů�ƚŽŽůƐ�ƵƐĞĚ�ŝŶ�ĂŶĂůǇƐĞƐ�ŚĂǀĞ�ƐŚŽǁŶ�ƚŽ�ďĞ�ĐŽƌƌĞůĂƚĞĚ�ǁŝƚŚ�ůĂƌŐĞ�ŽƵƚĐŽŵĞ�ǀĂƌŝĂďŝůŝƚǇ�ĚĞƐƉŝƚĞ�
ƐŝŵŝůĂƌ�ĞǆZE��ĞǆƉĞƌŝŵĞŶƚĂů�ƐĞƚƵƉ͘�/Ŷ�ƚŚŝƐ�ƐƚƵĚǇ͕ �ǁĞ�ďĞŶĐŚŵĂƌŬĞĚ�ƚŚĞ�ƉĞƌĨŽƌŵĂŶĐĞƐ�ŽĨ�ƚŚĞ�ŵŽƐƚ�ĐŽŵŵŽŶ�ƐŚŽƌƚ�ƌĞĂĚ�
ĂůŝŐŶĞƌƐ�;�ŽǁƟĞ͕��ŽǁƟĞϮ͕��t�͕�^d�Z͕�ĞǆĐĞZƉƚͿ�ƵƐŝŶŐ�ΕϭϬϬ�ŝŶ-ŚŽƵƐĞ�ĞǆZE��ƐĂŵƉůĞƐ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�ĨŽƵƌ�ƐƵďƚǇƉĞƐ�;Ƶƌŝne, 
ƐĞƌƵŵ͕�ƟƐƐƵĞ͕�ĂŶĚ�ĐĞůů�ĐƵůƚƵƌĞ�ŵĞĚŝƵŵͿ�ŽĨ�ǀĂƌŝŽƵƐ�ĚŝƐĞĂƐĞ�ƚǇƉĞƐ�;ƉƌŽƐƚĂƚĞ�ĂŶĚ�ůŝǀĞƌ�ĐĂŶĐĞƌ͕ ��ůǌŚĞŝŵĞƌ Ɛ͕͛�ĂŶĚ�WĂƌŬŝŶƐŽŶ Ɛ͛�
ĚŝƐĞĂƐĞͿ�ǀŝĂ�ƚŚƌĞĞ�ĚŝīĞƌĞŶƚ�ĐŽŵďŝŶĂƟŽŶƐ�ŽĨ�ŝƐŽůĂƟŽŶ�ŵĞƚŚŽĚƐ�;h�͕�h�-�'͕�^��͕�ŶĂŶŽ�>�Ϳ͘�dŚĞ�ĂůŝŐŶŵĞŶƚ�ƉĞƌĨŽƌŵĂŶĐĞƐ�
of each alignĞƌ�ĂƌĞ�ĞǀĂůƵĂƚĞĚ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�ƉĞƌĐĞŶƚĂŐĞ�ŽĨ�ƌĞĂĚƐ�ĂůŝŐŶĞĚ�ƌĞůĂƟǀĞ�ƚŽ�ƚŚĞ�ƚŽƚĂů�ŶƵŵďĞƌ�ŽĨ�ƌĞĂĚƐ�ƵŶĚĞƌ�
ƐŝŵŝůĂƌ�ĂůŝŐŶŵĞŶƚ�ƉĂƌĂŵĞƚĞƌƐ�;ŵŝƐŵĂƚĐŚ͕�ĞƚĐ͘Ϳ͘�dŚĞ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ŽďƐĞƌǀĞĚ�ĂĐƌŽƐƐ�ƚŚĞ�ĮǀĞ�ĂůŝŐŶĞƌƐ�ŝƐ�ƚŚĞŶ�ƌĞŇĞĐƚĞĚ�ŝŶ�
ƚŚĞ�ĚŝƐƟŶĐƚ�ƌĂǁ�ĐŽƵŶƚ�ĚŝƐƚƌŝďƵƟŽŶƐ͕�ĞǆZE��ďŝŽƚǇƉĞ�ĐŽŵƉŽƐŝƟŽŶƐ͕�ĂŶĚ�ƚŽƉ�ĚŝīĞƌĞŶƟĂůůǇ�ĞǆƉƌĞƐƐĞĚ�ƐŝŐŶĂƚƵƌĞƐ͘�
/ŶƚĞƌĞƐƟŶŐůǇ͕ �ƚŚĞ�ƚĞĐŚŶŝĐĂů�ǀĂƌŝĂŶĐĞ�ĨƌŽŵ�ƚŚĞ�ĂůŝŐŶĞƌƐ�ƐƵƌƉĂƐƐĞƐ�ďŽƚŚ�ƚŚĞ�ďĂƚĐŚ�ĞīĞĐƚƐ�ĂĐƌŽƐƐ�ĚĂƚĂƐĞƚƐ�ĂŶĚ�ƚŚĞ�ďŝŽůŽŐŝĐĂů�
ǀĂƌŝĂŶĐĞ�ŝŶ�ƐĂŵƉůĞ�ƐƵďƚǇƉĞƐ͕�ĐŽŶƚƌŝďƵƟŶŐ�ƚŽ�ĂƌŽƵŶĚ�Ϯϱй ŽĨ�ƚŚĞ�ƚŽƚĂů�ǀĂƌŝĂŶĐĞ͕�ĂŶĚ�ŝƐ�ƚŽŽ�ůĂƌŐĞ�ƚŽ�ďĞ�ĐŽƌƌĞĐƚĞĚ�ǀŝĂ�
ŶŽƌŵĂůŝǌĂƟŽŶ͘�dŽ�ŝŶǀĞƐƟŐĂƚĞ�ƚŚĞ�ĞīĞĐƚ�ŽĨ�ĂůŝŐŶĞƌ�ĐŚŽŝĐĞ�ŽŶ�ĚŽǁŶƐƚƌĞĂŵ�ĂŶĂůǇƐŝƐ͕�ǁĞ�ĂůƐŽ�ƉĞƌĨŽƌŵĞĚ�ĚŝīĞƌĞŶƟĂů�
ĞǆƉƌĞƐƐŝŽŶ�ĂŶĂůǇƐŝƐ�ŽŶ�ƚŚĞ�ƉƌŽƐƚĂƚĞ�ĐĂŶĐĞƌ�ĐŽŚŽƌƚ͕�ĐŽŵƉĂƌŝŶŐ�ƐĞƌƵŵ�ĚĞƌŝǀĞĚ��sƐ�ďĞĨŽƌĞ�ĂŶĚ�ĂŌĞƌ�ƉƌŽƐƚĂƚĞĐƚŽŵǇ͘��ƐŝĚĞ�
ĨƌŽŵ�ƚŚĞ�ĚŝƐƟŶĐƚ�ĚŝīĞƌĞŶƟĂů�ĞǆƉƌĞƐƐŝŽŶ�ƉƌŽĮůĞƐ�ĂĐƌŽƐƐ�ĂůŝŐŶĞƌƐ͕�ƚŚĞ�ĐŽƌƌĞƐƉŽŶĚŝŶŐ�ƉĂƚŚǁĂǇ�ĞŶƌŝĐŚŵĞŶƚƐ�ĨŽƌ�ƚŚĞ�ƉƌĞ-
ƉƌŽƐƚĂƚĞĐƚŽŵǇ�ƐĂŵƉůĞƐ�ĂƌĞ�ŶŽƚ�Ăůů�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĐĂŶĐĞƌ�Žƌ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞƐ͘�/Ŷ�ƐƵŵŵĂƌǇ͕ �ƚŚĞ�ŵĂŝŶ�ĮŶĚŝŶŐƐ�ŽĨ�ŽƵƌ�
ƌĞƐĞĂƌĐŚ�ĐŽŶĮƌŵ�ĞǆZE��ƐƉĞĐŝĮĐŝƚǇ�ĚƵĞ�ƚŽ�ĂůŝŐŶĞƌ�ĐŚŽŝĐĞ͘�hůƟŵĂƚĞůǇ͕ �ǁĞ�Ăŝŵ�ƚŽ�ŚŝŐŚůŝŐŚƚ�ƚŚĞ�ĞǆŝƐƟŶŐ�ďŝĂƐ�ĂŶĚ�ĂŵďŝŐƵŝƚǇ�
ƐĞĞŶ�ŝŶ�ƚŚĞƐĞ�ĐŽŵƉƵƚĂƟŽŶĂů�ƚŽŽůƐ�ǁŚŝůĞ�ƉƌĞƐĞŶƟŶŐ�ƚŚĞ�ŬĞǇ�ĐŽŶƐŝĚĞƌĂƟŽŶƐ�ĨŽƌ�ĞǆZE��ĂŶĂůǇƐĞƐ�ŽĨ�ǀĂƌŝŽƵƐ�ďŝŽŇƵŝĚƐ�ĂŶĚ�
ƐƵďƚǇƉĞƐ͕�ĂƐ�ŶŽ�ƐŝŶŐůĞ�ƚŽŽů�ŵĞĞƚƐ�Ăůů�ƌĞƋƵŝƌĞŵĞŶƚƐ͘ 

 

 



Poster Abstract # 23 

�ůĞƐƐĂŶĚƌĂ �ŝƵůůŽ 
^ŵŝĚƚ�,ĞĂƌƚ�/ŶƐƟƚƵƚĞ-�ĞĚĂƌƐ-^ŝŶĂŝ�DĞĚŝĐĂů��ĞŶƚĞƌ 
 
^ŵĂůů�ŶŽŶĐŽĚŝŶŐ�ZE�͕�ǇZ�yϯ͕�ŵŝŶĞĚ�ĨƌŽŵ�ƚŚĞƌĂƉĞƵƟĐ�ĐĞůů�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ͕�
ƌĞƉƌŽŐƌĂŵƐ�ŵĂĐƌŽƉŚĂŐĞƐ�ƚŚƌŽƵŐŚ�ĞƉŝŐĞŶĞƟĐ�ƐŝůĞŶĐŝŶŐ�ŽĨ�WŝĐŬϭ�ƚŽ�ůŝŵŝƚ�ŝƐĐŚĞŵŝĐ�
ŚĞĂƌƚ�ŝŶũƵƌǇ 
�ůĞƐƐĂŶĚƌĂ��ŝƵůůŽϭ͕�>ŝĂŶŐ�>ŝϭ͕��ŚĂŶŐ�>ŝϭ͕��ŽůůŝŶ�&ĂƌƌĞůůϮ͕�DĂƩĞŽ�WĞůůŝŐƌŝŶŝϮ͕� �ĚƵĂƌĚŽ�DĂƌďĄŶϭ͕��ŚŵĞĚ�/ďƌĂŚŝŵϭ 
ϭ͘�^ŵŝĚƚ�,ĞĂƌƚ�/ŶƐƟƚƵƚĞ͕��ĞĚĂƌƐ-^ŝŶĂŝ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �>ŽƐ��ŶŐĞůĞƐ͕���͕�h^� 
Ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�DŽůĞĐƵůĂƌ͕ ��Ğůů͕�ĂŶĚ��ĞǀĞůŽƉŵĞŶƚĂů��ŝŽůŽŐǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�>ŽƐ��ŶŐĞůĞƐ͕�>ŽƐ��ŶŐĞůĞƐ͕����h^� 
 
�ĂĐŬŐƌŽƵŶĚ 

Small non-ĐŽĚŝŶŐ�ZE�Ɛ�;ƐŶZE�ƐͿ�ĐŽŵƉƌŝƐĞ�ƚŚĞ�ŵĂũŽƌŝƚǇ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ�;�sͿ�ĐĂƌŐŽ͘�dŚĞƌĂƉĞƵƟĐ�ĐĞůůƐ�ƐĞĐƌĞƚĞ��sƐ�
ƌĞƉůĞƚĞ�ǁŝƚŚ�ƐŶZE�Ɛ�ƚŚĂƚ�ƌĞƉĂŝƌ�ĚĂŵĂŐĞĚ�ƟƐƐƵĞ�ƚŚƌŽƵŐŚ�ŐĞŶĞ�ƌĞŐƵůĂƟŽŶ�ŝŶ�ƚĂƌŐĞƚ�ĐĞůůƐ͘ 

Aims 

,ĞƌĞ�ǁĞ�ŝŶǀĞƐƟŐĂƚĞ�ƚŚĞ�ƌŽůĞ�ŽĨ�ǇZ�yϯ͕�Ă�ƐŵĂůů�ZE��ŚŽŵŽůŽŐŽƵƐ�ƚŽ�z�ZE�ϰ�ĂŶĚ�ĞŶƌŝĐŚĞĚ�ŝŶ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ŝŶ�
ĐĂƌĚŝŽƉƌŽƚĞĐƟŽŶ͘ 

DĞƚŚŽĚŽůŽŐǇ 

/Ŷ�ǀŝǀŽ͕�ǁĞ�ƵƐĞĚ�ŝƐĐŚĞŵŝĂͬƌĞƉĞƌĨƵƐŝŽŶ�;/ͬZͿ�ŝŶũƵƌǇ�ŝŶ�ƌĂƚƐ�ƚŽ�ĞǀĂůƵĂƚĞ�ƚŚĞ�ĐĂƌĚŝŽƉƌŽƚĞĐƟǀĞ�ĞīĞĐƚ�ŽĨ�ǇZ�yϯ͘��dŽ�ŝĚĞŶƟĨǇ�ƚŚĞ 
ŵĂŝŶ�ƚĂƌŐĞƚ�ĐĞůů�ŽĨ�zZ�yϯ͕�ǁĞ�ĞǆƉŽƐĞĚ�ďŽŶĞ-marroǁ-ĚĞƌŝǀĞĚ�ŵĂĐƌŽƉŚĂŐĞƐ�;�D�DƐͿ͕�ĐĂƌĚŝĂĐ�ĮďƌŽďůĂƐƚƐ͕�ĂŶĚ�
ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�ƚŽ�ǇZ�yϯ�ƚŽ�ĂƐƐĞƐƐ�ƚƌĂŶƐĐƌŝƉƚŽŵŝĐ�ĐŚĂŶŐĞƐ͘�dŽ�ŝĚĞŶƟĨǇ�ƚŚĞ�ŐĞŶĞ�ƚĂƌŐĞƚ�ŽĨ�ǇZ�yϯ͕�ǁĞ�ƉĞƌĨŽƌŵĞĚ�ǁŚŽůĞ-
ŐĞŶŽŵĞ�ďŝƐƵůĮƚĞ�ƐĞƋƵĞŶĐŝŶŐ�;t'�^Ϳ�ĂŶĚ�ŵĞƚŚǇůĂƟŽŶ-ƐƉĞĐŝĮĐ�ƐĞƋƵĞŶĐŝŶŐ͘�&ŝŶĂůůǇ͕ �ƚŽ�ĞǀĂůƵĂƚĞ�ƚŚĞ�ƌŽůĞ�ŽĨ�ŵĂĐƌŽƉŚĂŐĞƐ�
ŝŶ�ǇZ�yϯ�ĐĂƌĚŝŽƉƌŽƚĞĐƟŽŶ͕�ǁĞ�ĂĚŽƉƟǀĞůǇ�ƚƌĂŶƐĨĞƌƌĞĚ��D�DƐ�ĞǆƉŽƐĞĚ�ƚŽ�ǇZ�yϯ�ŝŶ�/ͬZ�ŝŶũƵƌǇ͘� 

ZĞƐƵůƚƐ 

/Ŷ�ǀŝǀŽ͕�ǇZ�yϯ�ƌĞĚƵĐĞĚ�ŝŶĨĂƌĐƚ�ƐŝǌĞ�;ϯ͘ϰϱцϬ͘ϰϯŐͿ�ĐŽŵƉĂƌĞĚ�ƚŽ�ǀĞŚŝĐůĞ�Žƌ�ƐĐƌĂŵďůĞ�ĐŽŶƚƌŽů�;ϭϭ͘ϰϭцϭ͘ϯϮŐ�ĂŶĚ�ϭϭ͘ϴϴцϮ͘ϰϰŐ͕�
ƌĞƐƉĞĐƟǀĞůǇͿ�ĂŶĚ�ĐŝƌĐƵůĂƟŶŐ�ĐĂƌĚŝĂĐ�ƚƌŽƉŽŶŝŶ�/�;ϱ͘ϳϵцϬ͘ϴϯŶŐͬŵů�ǀƐ�ϭϵ͘ϭϲцϮ͘ϴϭŶŐͬŵů�ĂŶĚ�ϭϳ͘ϰϮцϮ͘ϬϳŶŐͬŵů͕�ƌĞƐƉĞĐƟǀĞůǇͿ͘�
�D�DƐ�ƌĞƐƉŽŶĚ�ƌŽďƵƐƚůǇ�ƚŽ�ǇZ�yϯ�ĐŽŵƉĂƌĞĚ�ƚŽ�ĐĂƌĚŝĂĐ�ĮďƌŽďůĂƐƚƐ�Žƌ�ĐĂƌĚŝŽŵǇŽĐǇƚĞƐ�;ϱϰϯϱ�ŐĞŶĞƐ�ǀƐ�ϰϭϭϰ�ĂŶĚ�Ϯϲϱϯ͕�
ƌĞƐƉĞĐƟǀĞůǇͿ͘�DĞƚŚǇůĂƟŽŶ�ĂŶĂůǇƐŝƐ�ŝĚĞŶƟĮĞĚ�ƉŝĐŬϭ�ĂƐ�Ă�ƚĂƌŐĞƚ�ŽĨ�ǇZ�yϯ�;ϱϲй�ŵĞƚŚǇůĂƚĞĚ�ĐŽŵƉĂƌĞĚ�ƚŽ�ĐŽŶƚƌŽůͿ͘�WŝĐŬϭ�
ĚŽǁŶƌĞŐƵůĂƟŽŶ�ĞŶŚĂŶĐĞĚ�^ŵĂĚϯ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ĂŶĚ�ƉŚĂŐŽĐǇƟĐ�ĐĂƉĂĐŝƚǇ�ŝŶ��D�DƐ͘��ĚŽƉƟǀĞ�ƚƌĂŶƐĨĞƌ�ŽĨ��D�DƐ�
ĞǆƉŽƐĞĚ�ƚŽ�ǇZ�yϯ�Žƌ�ƉŝĐŬϭ�ƐŝůĞŶĐŝŶŐ�ƌĞĐĂƉŝƚƵůĂƚĞĚ�ƚŚĞ�ĐĂƌĚŝŽƉƌŽƚĞĐƟǀĞ�ĞīĞĐƚƐ�ŽĨ�ǇZ�yϯ�ŝŶ�/ͬZ�ƌĂƚƐ�ĂƐ�ƐŚŽǁŶ�ďǇ�ŝŶĨĂƌĐƚ�ƐŝǌĞ�
;ϲ͘ϱϱц�Ϭ͘ϴϱŐͿ�ĐŽŵƉĂƌĞĚ�ƚŽ�ǀĞŚŝĐůĞ�Žƌ�ƐĐƌĂŵďůĞ�ĐŽŶƚƌŽů�;ϭϲ͘ϳϯцϮ͘ϭϯ�ĂŶĚ�ϭϲ͘ϭϱцϯ͘ϰϯŐ͕�ƌĞƐƉĞĐƟǀĞůǇͿ�ĂŶĚ�ĐĂƌĚŝĂĐ�ƚƌŽƉŽŶŝŶ�/�
;ϳ͘ϲϮ�цϬ͘ϴϯŶŐͬŵů�ǀƐ�ϭϯ͘Ϯϳ�цϯ͘ϬϵŶŐͬŵů�ĂŶĚ�ϭϱ͘Ϯϰ�цϰ͘ϬϰŶŐͬŵů͕�ƌĞƐƉĞĐƟǀĞůǇͿ͘� 

Conclusion 

zZ�yϯ�ŝƐ�Ă�ƐŵĂůů�z�ZE��ŝĚĞŶƟĮĞĚ�ŝŶ�ƚŚĞ��sƐ�ŽĨ�ƚŚĞƌĂƉĞƵƟĐ�ĐĞůůƐ�ĂŶĚ�ůŝŵŝƚƐ�ƟƐƐƵĞ�ŝŶũƵƌǇ�ǀŝĂ�Ă�ŶŽǀĞů�ŵĞĐŚĂŶŝƐŵ͘ 

 

 



Poster Abstract # 24 

Ke >ŝĂŽ 
�ĞĚĂƌƐ-^ŝŶĂŝ�DĞĚŝĐĂů��ĞŶƚĞƌ 
 
>ŽŶŐ�ŶŽŶ-ĐŽĚŝŶŐ�ZE����zZEϭ�ĂŶĚ�ŝƚƐ�ƐŚŽƌƚ�ƐǇŶƚŚĞƟĐ�ĚĞƌŝǀĂƟǀĞƐ�ƉƌŽŵŽƚĞ�
ƌĞŐƵůĂƚŽƌǇ�d��Ğůů�ƉƌŽůŝĨĞƌĂƟŽŶ͕�ŵŝŐƌĂƟŽŶ�ĂŶĚ�ĂĐƟǀĂƟŽŶ 
<Ğ�>ŝĂŽ͕��ĂŚƌĂ�DŽŚĂŵŵĂĚŝŐŽůĚĂƌ͕ �>ŝĂŶŐ�>ŝ͕�tĞŝǆŝŶ�>ŝƵ͕�EĂƚĂƐŚĂ��ŶĚĞƌƐ͕��ŬďĂƌƐŚĂŬŚ��ŬŚŵĞƌŽǀ͕ ��ŚŵĞĚ�/ďƌĂŚŝŵ͕��ĚƵĂƌĚŽ�
DĂƌďĄŶ 
^ŵŝĚƚ�,ĞĂƌƚ�/ŶƐƟƚƵƚĞ͕��ĞĚĂƌƐ-^ŝŶĂŝ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �>ŽƐ��ŶŐĞůĞƐ͕���͘ 
 
�ĂĐŬŐƌŽƵŶĚ͗�ZĞŐƵůĂƚŽƌǇ�d�;dƌĞŐͿ�ĐĞůůƐ�ĂƌĞ�ŝŶĐƌĞĂƐŝŶŐůǇ�ŝŵƉůŝĐĂƚĞĚ�ĂƐ�ŵŽĚƵůĂƚŽƌƐ�ŽĨ�ŵǇŽĐĂƌĚŝĂů�ŝƐĐŚĞŵŝĂ-ƌĞƉĞƌĨƵƐŝŽŶ�
ŝŶũƵƌǇ͘�WƌĞǀŝŽƵƐůǇ͕ �ǁĞ�ĨŽƵŶĚ�ƚŚĂƚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ŚƵŵĂŶ�ĐĂƌĚŝŽƐƉŚĞƌĞ-ĚĞƌŝǀĞĚ�ĐĞůůƐ�;���-�sƐͿ�ĐĂŶ�
ŝŶĐƌĞĂƐĞ�dƌĞŐ�ƉƌŽůŝĨĞƌĂƟŽŶ�ĂŶĚ�ĂŶƟ-ŝŶŇĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞ�;/>-ϭϬͿ�ƉƌŽĚƵĐƟŽŶ͘�,ĞƌĞ�ǁĞ�ŝŶǀĞƐƟŐĂƚĞ�ŚŽǁ�Ă�ůŽŶŐ�ŶŽŶĐŽĚŝŶŐ�
ZE�͕���zZEϭ�;�ƌĂŝŶ��ǇƚŽƉůĂƐŵŝĐ�ZE��ϭͿ�ĞŶƌŝĐŚĞĚ�ŝŶ����-�sƐ͕�ĂīĞĐƚƐ�ŚƵŵĂŶ�dƌĞŐ�ĨƵŶĐƟŽŶ͘�hƐŝŶŐ�ŵĞĐŚĂŶŝƐƟĐ�ŝŶƐŝŐŚƚƐ͕�
ǁĞ�ƐĞĞŬ�ƚŽ�ĐƌĞĂƚĞ�ĂŶĚ�ƚĞƐƚ���zZEϭ-ĚĞƌŝǀĞĚ�ďŝŶĚŝŶŐ�ƐŵĂůů�ƐĞƋƵĞŶĐĞƐ�;��^^ƐͿ�ǁŚŝĐŚ�ƌĞƚĂŝŶ�ŝŶ�ǀŝƚƌŽ�ďŝŽĂĐƟǀŝƚǇ�ĂŶĚ�ŵĂǇ�ďĞ�
ŵŽƌĞ�ǀŝĂďůĞ�ĂƐ�Ă�ƉŽƚĞŶƟĂů�ƚŚĞƌĂƉĞƵƟĐ�ĐĂŶĚŝĚĂƚĞƐ͘ 

�ŝŵƐ͗�dŽ�ĚĞǀĞůŽƉ�Ă�ŶŽǀĞů�ZE�-ďĂƐĞĚ�ĂƉƉƌŽĂĐŚ ƚĂƌŐĞƟŶŐ�ƌĞŐƵůĂƚŽƌǇ�d�ĐĞůůƐ�ĂƐ�Ă�ƉŽƚĞŶƟĂů�ƚŚĞƌĂƉǇ�ĨŽƌ�ŵǇŽĐĂƌĚŝĂů�ŝŶĨĂƌĐƟŽŶ�
;D/Ϳ͘ 

DĞƚŚŽĚŽůŽŐǇ͗���zZEϭ�ǁĂƐ�ŝĚĞŶƟĮĞĚ�ĂƐ�Ă�>ŶĐZE��ƐƉĞĐŝĞƐ�ŝŶ����-�sƐ�ƵƐŝŶŐ�ZE��ƐĞƋƵĞŶĐŝŶŐ�ĂŶĚ�ǀĂůŝĚĂƚĞĚ�ďǇ�ƋW�Z͘�ZE��
ƉƵůůĚŽǁŶ�ĂŶĚ�ůƵĐŝĨĞƌĂƐĞ�ĂƐƐĂǇƐ�ǁĞƌĞ�ƵƐĞĚ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ǁŚĞƚŚĞƌ���zZEϭ�ǁŽƌŬƐ�ĂƐ�Ă�ŵŝZE��ƐƉŽŶŐĞ�ĂŶĚ�ĮŶĚ�ŽƵƚ�ƚŚĞ�
ďŝŶĚŝŶŐ�ƐĞƋƵĞŶĐĞƐ�ǁŝƚŚŝŶ���zZEϭ�ĨŽƌ�ŵŝZE�Ɛ͘�tĞ�ĂƐƐĞƐƐĞĚ���zZEϭ�ĂŶĚ���^^�ĞīĞĐƚƐ�ŽŶ�dƌĞŐ�ďǇ�ŵĞĂƐƵƌŝŶŐ�ĐĞůů�
ƉƌŽůŝĨĞƌĂƟŽŶ�;�Ğůů��ŽƵŶƟŶŐ�<ŝƚ-ϴ�ĂƐƐĂǇͿ͕�ĐĞůů�ŵŝŐƌĂƟŽŶ�;ƚƌĂŶƐ-ǁĞůů�ŵŝŐƌĂƟŽŶ�ĂƐƐĂǇͿ͕�ĂŶĚ�/>-ϭϬ ;ƋW�Z�ĂŶĚ��>/^��ĂƐƐĂǇͿ͘�/Ŷ�
ǀŝǀŽ͕�D/�ǁĂƐ�ŝŶĚƵĐĞĚ�ŝŶ�ϴ-ϭϬ-ǁĞĞŬ-ŽůĚ��ϱϳ�>ͬϲ�ŵŽƵƐĞ�ďǇ�ůĞŌ�ĐŽƌŽŶĂƌǇ�ĂƌƚĞƌǇ�ůŝŐĂƟŽŶ�ĨŽƌ�ϰϱ�ŵŝŶƵƚĞƐ�ĨŽůůŽǁĞĚ�ďǇ�
ƌĞƉĞƌĨƵƐŝŽŶ͘�&ŝŌĞĞŶ�ŵŝŶƵƚĞƐ�ůĂƚĞƌ͕ �ƚŚĞ�ŵŝĐĞ�;Eсϱ͕�ĞĂĐŚ�ŐƌŽƵƉͿ�ƌĞĐĞŝǀĞĚ�;ǀŝĂ�ƚĂŝů�ǀĞŝŶͿ����-�s���zZEϭ�;���-�s�
overexƉƌĞƐƐŝŶŐ���zZEϭͿ͕���^^Ɛ͕�ŵƵƚ-��^^Ɛ�;ƐĐƌĂŵďůĞĚ�ŝŶĂĐƟǀĞ�ǀĞƌƐŝŽŶƐ�ŽĨ���^^Ϳ�Žƌ�ǀĞŚŝĐůĞ�;W�^Ϳ͘�D/�ƐŝǌĞ�;ďǇ�dd��
ƐƚĂŝŶŝŶŐͿ�ĂŶĚ�ŝŶĮůƚƌĂƟŶŐ�dƌĞŐ�;ďǇ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇͿ�ǁĞƌĞ�ĂƐƐĞƐƐĞĚ�ϳϮ�ŚƌƐ�ƉŽƐƚ-D/͘ 

ZĞƐƵůƚƐ͗���zZEϭ�ŝƐ�ŽŶĞ�ŽĨ�ƚŚĞ�ŵŽƐƚ�ŚŝŐŚůǇ�ĞŶƌŝĐŚĞĚ�>ŶĐZE�Ɛ�ŝŶ����-�sƐ͘�ZE��ƉƵůůĚŽǁŶ�ĂŶĚ�ůƵĐŝĨĞƌĂƐĞ�ĂƐƐĂǇƐ�ƐŚŽǁ�
��zZEϭ�ĐŽŶƚĂŝŶƐ�ďŝŶĚŝŶŐ�ƐŝƚĞƐ�;��^^-ϭϯϴ͕�-ϭϱϬ�ĂŶĚ�-ϵϴͿ�ĨŽƌ�ŵŝZ-ϭϯϴ͕�ŵŝZ-ϭϱϬ�ĂŶĚ�ŵŝZ-ϵϴ�ƚŚĂƚ�ƚĂƌŐĞƚ��d'ϳ͕���Zϲ�ĂŶĚ�/>-
ϭϬ�ŵZE�Ɛ͕�ƌĞƐƉĞĐƟǀĞůǇ͘�dŚƵƐ͕���zZEϭ�ƐĞƌǀĞƐ�ĂƐ�Ă�ŵŝZE��ƐƉŽŶŐĞ�ǁŚŝĐŚ͕�ŝŶ�ƚƵƌŶ͕�ůĞĂĚƐ�ƚŽ�dƌĞŐ�ĐĞůů�ƉƌŽůŝĨĞƌĂƟŽŶ�;ϯ͘ϬϬц�
Ϭ͘ϭϭ�ĨŽůĚ�ŝŶĐƌĞĂƐĞ͕�Eсϱ͕�ǀŝĂ�ŝŶĚƵĐƟŽŶ�ŽĨ��d'-ϳ�ĚĞƉĞŶĚĞŶƚ�ĂƵƚŽƉŚĂŐǇͿ͕���Z-ϲ�ĚĞƉĞŶĚĞŶƚ�ŵŝŐƌĂƟŽŶ�;ϭ͘ϳϳ�ц�Ϭ͘ϭϬ�ĨŽůĚ�
ŝŶĐƌĞĂƐĞ͕�EсϱͿ�ĂŶĚ�ŝŶĐƌĞĂƐĞĚ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�/>-ϭϬ�;ƋW�Z͗�Ϯ͘ϲϬ�ц�Ϭ͘ϯϱ�ĨŽůĚ�ŝŶĐƌĞĂƐĞ͕�Eсϲ�ĂŶĚ��>/^�͗�ϲ͘ϭϮ�ц�Ϭ͘ϳϴ�ĨŽůĚ�
incrĞĂƐĞ͕�EсϱͿ͘�>ŝƉŝĚ�ŶĂŶŽƉĂƌƟĐůĞƐ�ĐŽŶƚĂŝŶŝŶŐ�ϯ��^^Ɛ�ŝŶĚƵĐĞ�dƌĞŐ�ĐĞůů�ƉƌŽůŝĨĞƌĂƟŽŶ�;ϭ͘ϴϵц�Ϭ͘ϲϭ�ĨŽůĚ�ŝŶĐƌĞĂƐĞ͕�EсϲͿ͕�
ŵŝŐƌĂƟŽŶ�;ϭ͘ϯϮц�Ϭ͘Ϯϯ�ĨŽůĚ�ŝŶĐƌĞĂƐĞ͕�EсϲͿ͕�ĂŶĚ�/>-ϭϬ�ŝŶĚƵĐƟŽŶ�;ϲ͘ϳϱц�Ϭ͘ϱϮ�ĨŽůĚ�ŝŶĐƌĞĂƐĞ͕�EсϲͿ͘��ŵŽŶŐ�ƚŚĞ�ƚŚƌĞĞ���^^�
ƐƉĞĐŝĞƐ͕���^^-ϵϴ�ĚŽƐĞ-ĚĞƉĞŶĚĞŶƚůǇ�ĂŶĚ�ƵŶŝƋƵĞůǇ�ƵƉƌĞŐƵůĂƚĞĚ�/>-ϭϬ�ƉƌŽĚƵĐƟŽŶ͘�/Ŷ�ƚŚĞ�D/�ŵŽĚĞů�;Eсϱ͕�ĞĂĐŚ�ŐƌŽƵƉͿ͕����-
�s-��zZEϭ�;ďƵƚ�ŶŽƚ�ǀĞŚŝĐůĞͿ�ĂŶĚ���^^�ĐŽĐŬƚĂŝů�;ďƵƚ�ŶŽƚ�ŵƵƚ-��^^Ϳ�ŝŶĚƵĐĞĚ�dƌĞŐ�ŝŶĮůƚƌĂƟŽŶ͕�ƉƌŽůŝĨĞƌĂƟŽŶ�ĂŶĚ�/>ϭϬ�
ƉƌŽĚƵĐƟŽŶ�ŝŶ�ƚŚĞ�ŚĞĂƌƚ�ǁŝƚŚ�Ă�ĐŽŶĐŽŵŝƚĂŶƚ�ĚĞĐƌĞĂƐĞ�ŽĨ�ŝŶĨĂƌĐƚ�ƐŝǌĞ�ĐŽŵƉĂƌĞĚ�ƚŽ�ǀĞŚŝĐůĞ-ƚƌĞĂƚĞĚ�D/�ŵŝĐĞ͘ 

�ŽŶĐůƵƐŝŽŶƐ͗�tĞ�ŚĂǀĞ�ƉŝŶƉŽŝŶƚĞĚ���zZEϭ�ĂƐ�Ă�ďŝŽĂĐƟǀĞ�ĐŽŶƐƟƚƵĞŶƚ�ŽĨ����-�sƐ͕�ƉƌŽŵŽƟŶŐ�dƌĞŐ�ĐĞůů-ŵĞĚŝĂƚĞĚ�
ĐĂƌĚŝŽƉƌŽƚĞĐƟŽŶ͘���zZEϭ�ƐĞƌǀĞƐ�ĂƐ�Ă�ŵŝZE��ƐƉŽŶŐĞ�ƚŽ�ŵĞĚŝĂƚĞ�ďĞŶĞĮĐŝĂů�ĞīĞĐƚƐ�ŽŶ�dƌĞŐ�ĨƵŶĐƟŽŶ�ŝŶ�ƚŚĞ�ŚĞĂƌƚ͘�dŚƵƐ͕�Ă�
ƐŝŶŐůĞ�>ŶĐZE��ĂŶĚ�ƐŚŽƌƚĞƌ�ƐǇŶƚŚĞƟĐ�ĚĞƌŝǀĂƟǀĞƐ�ŵŝŵŝĐ�ƚŚĞ�ĞīĞĐƚƐ�ŽĨ����-�s�ŽŶ�dƌĞŐ�ŝŶ�ǀŝƚƌŽ�ĂŶĚ�ŝŶ�ǀŝǀŽ͘�KƵƌ�ƐƚƵĚǇ�
ƉƌŽǀŝĚĞƐ�Ă�ŶŽǀĞů�ĂƉƉƌŽĂĐŚ͕�ƚĂƌŐĞƟŶŐ�dƌĞŐ�ďǇ�Ă�ĚĞĮŶĞĚ�>ŶĐZE��ŵŝŶĞĚ�ĨƌŽŵ����-�s͕�ƚŽ�ƚƌĞĂƚ�D/͘�dŚĞ�ƐĂŵĞ�ĂƉƉƌŽĂĐŚ�
couůĚ�ƌĞĂƐŽŶĂďůǇ�ďĞ�ƉƌĞĚŝĐƚĞĚ�ƚŽ�ďĞ�ƵƐĞĨƵů�ŝŶ�ŽƚŚĞƌ�ĚŝƐĞĂƐĞƐ�ǁŚĞƌĞ�ŝŶĐƌĞĂƐĞĚ�dƌĞŐ�ĂĐƟǀŝƚǇ�ŝƐ�Ă�ŐŽĂů�;Ğ͘Ő͕͘�ĂƵƚŽŝŵŵƵŶĞ�
ĚŝƐŽƌĚĞƌƐͿ͘ 
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zŽŚĞŝ ^ĂŶĂĚĂ 
�ŝŶĐŝŶŶĂƟ��ŚŝůĚƌĞŶǭƐ�,ŽƐƉŝƚĂů�DĞĚŝĐĂů�Center 
 
dŚĞ�ĨƵŶĐƟŽŶ�ŽĨ�dZ�W�ĂƐ�Ă�ƉƌŽ-ŝŶŇĂŵŵĂƚŽƌǇ�ǆƚƌĂĐĞůůƵůĂƌ-ZE�Ɛ�ƐĞŶƐŽƌ�ŝŶ�ŽďĞƐŝƚǇ 
zŽŚĞŝ�^ĂŶĂĚĂ͕�zŽƐŚŝŶŽƌŝ�/ĐŚŝŚĂƌĂ͕�ZƵƉŝŶĚĞƌ�'ŝůů͕�dĂŬĂŚŝƐĂ�EĂŬĂŵƵƌĂ 
�ŝǀŝƐŝŽŶ�ŽĨ��ŶĚŽĐƌŝŶŽůŽŐǇ͕ ��ŝŶĐŝŶŶĂƟ��ŚŝůĚƌĞŶΖƐ�,ŽƐƉŝƚĂů�DĞĚŝĐĂů��ĞŶƚĞƌ͕ ��ŝŶĐŝŶŶĂƟ͕�K, 
 
࠙�ĂĐŬŐƌŽƵŶĚ�ĂŶĚ�ĂŝŵƐࠚ 

�ŚƌŽŶŝĐ�ŝŶŇĂŵŵĂƟŽŶ�ŚĂƐ�ďĞĞŶ�ƐŚŽǁŶ�ƚŽ�ƉůĂǇ�Ă�ǀŝƚĂů�ƌŽůĞ�ŝŶ�ƚŚĞ�ƉĂƚŚŽŐĞŶĞƐŝƐ�ŽĨ�ŵĂŶǇ�ŽďĞƐŝƚǇ-ƌĞůĂƚĞĚ�ŵĞƚĂďŽůŝĐ�
ĚŝƐŽƌĚĞƌƐ͕�ƐƵĐŚ�ĂƐ�dǇƉĞ�Ϯ��ŝĂďĞƚĞƐ�;dϮ�DͿ͕�ŶŽŶ-ĂůĐŽŚŽůŝĐ�ĨĂƩǇ�ůŝǀĞƌ�ĚŝƐĞĂƐĞ�;E�&>�Ϳ͕�ĂŶĚ�ŝŶƐƵůŝŶ�ƌĞƐŝƐƚĂŶĐĞ͘��ǆƚƌĂĐĞůůƵůĂƌ�
ǀĞƐŝĐůĞƐ�;�sƐͿ�ĐĂƌƌǇ�ďŝŽůŽŐŝĐĂů�ĐĂƌŐŽƐ�ƐƵĐŚ�ĂƐ�ZE��ĂŶĚ�ƉƌŽƚĞŝŶ�ƚŽ�ĚŝƐƚĂŶƚ�ŽƌŐĂŶƐ�ĂŶĚ�ĐĞůůƐ͘�,ŽǁĞǀĞƌ͕ �ǁŚŝůĞ�ƐĞǀĞƌĂů�ƐƚƵĚŝĞƐ�
ŽĨ�ZE���ĂƌŐŽƐ�;�ǆƚƌĂĐĞůůƵůĂƌ-ZE�Ɛ͖��ǆZE�ƐͿ�ŚĂǀĞ�ůŝŶŬĞĚ�ŝŶŇĂŵŵĂƟŽŶ�ƚŽ�ƚŚĞ�ŽŶƐĞƚ�ŽĨ�ŽďĞƐŝƚǇ-ƌĞůĂƚĞĚ�ĚŝƐĞĂƐĞƐ͕�ƚŚĞ�
ŵĞĐŚĂŶŝƐŵƐ�ŽĨ�ŚŽǁ��ǆZE�Ɛ�ĞǆĞƌƚ�ƚŚĞ�ƌĞŐƵůĂƚŽƌǇ�ĨƵŶĐƟŽŶ�ŝŶ�ƌĞĐŝƉŝĞŶƚ�ĐĞůůƐ�ĂƌĞ�ƐƟůů�ƵŶĐůĞĂƌ͘ �KƵƌ�ƉƌĞůŝŵŝŶĂƌǇ�ĚĂƚĂ�ŝŶĚŝĐĂƚĞ�
ƚŚĂƚ�>ŝǀĞƌ-ĚĞƌŝǀĞĚ��ǆZE�Ɛ�ĂƌĞ�Ă�ƉƌŝŵĂƌǇ�ŵĞĚŝĂƚŽƌ�ŝŶ�ŝŶĚƵĐŝŶŐ�ŽďĞƐĞ-ƌĞůĂƚĞĚ�ŝŵŵƵŶĞ�ĐĞůů�ĂĐƟǀĂƟŽŶ�ĂŶĚ�ŽďĞƐĞ-ƌĞůĂƚĞĚ�
ŝŶŇĂŵŵĂƟŽŶ͘�dŚŝƐ�ƐƚƵĚǇ�ĂŝŵƐ�ƚŽ�ĞůƵĐŝĚĂƚĞ�ƚŚĞ�ŵĞĐŚĂŶŝƐŵƐ ŽĨ�ŚŽǁ��ǆZE�Ɛ�ĂƌĞ�ƚƌĂŶƐĨĞƌƌĞĚ�ŝŶƚŽ�ƌĞĐŝƉŝĞŶƚ�ŵĂĐƌŽƉŚĂŐĞ�
ĐĞůůƐ�ĂŶĚ�ƌĞĐŽŐŶŝǌĞĚ�ďǇ�ĐĞůůƵůĂƌ�ƉƌŽƚĞŝŶ͘�࠙DĞƚŚŽĚŽůŽŐǇࠚtĞ�ĚĞǀĞůŽƉĞĚ�Ă�ŵĞƚŚŽĚ�ƚŽ�ĐĂƉƚƵƌĞ�ŝŶƚĞƌĂĐƟŽŶƐ�ďĞƚǁĞĞŶ�
�ǆZE�Ɛ�ĂŶĚ�ĐĞůůƵůĂƌ�ƉƌŽƚĞŝŶƐ͕�ĂƐ�ƚŚĞƐĞ�ĞǀĞŶƚƐ�ĂƌĞ�ŵŝŐŚƚ�ĐƌƵĐŝĂů�ƚŽ�ĞǆĞƌƚ�ƚŚĞ�ĨƵŶĐƟŽŶ�ŽĨ��ǆZ�EƐ�ŝŶ�ƌĞĐŝƉŝĞŶƚ�ĐĞůůƐ͘�&ŝƌƐƚ͕�
,ƵŚϳ�ǁĞƌĞ�ĐƵůƚƵƌĞĚ�ǁŝƚŚ�Žƌ�ǁŝƚŚŽƵƚ�ϭ�ŵD�ϰ-ƚŚŝŽƵƌŝŐŝŶĞ�;ϰ-^hͿ�ĨŽƌ�ϰϴŚƌ͖�ƐĞĐŽŶĚ͕�DĂŐĐĂƉƚƵƌĞ�ĞǆŽƐŽŵĞ�ŝƐŽůĂƟŽŶ�Ŭŝƚ�ǁĂƐ�
ƵƐĞĚ�ƚŽ�ŝƐŽůĂƚĞ�ƚŚĞ��sƐ�ĐŽŶƚĂŝŶŝŶŐ�ϰ-SU-ůĂďĞůĞĚ�ZE��;ϰ-^h��sƐͿ͖�ĂŶĚ�ƚŚŝƌĚ͕�ϰ^h-�sƐ�ǁĞƌĞ�ĂĚĚĞĚ�ƚŽ�ŝŵŵŽƌƚĂůŝǌĞĚ�
ŵĂĐƌŽƉŚĂŐĞ�ĐĞůůƐ�ĨŽůůŽǁĞĚ�ďǇ�ƵůƚƌĂǀŝŽůĞƚ�;hsͿ�ŝƌƌĂĚŝĂƟŽŶ�ǁŝƚŚ�ϯϲϱ�Ŷŵ�ůŝŐŚƚ͖�ĂŶĚ�ĨŽƵƌƚŚ͕�ĐƌŽƐƐůŝŶŬĞĚ��ǆZE�Ɛ-ƉƌŽƚĞŝŶ�
ĐŽŵƉůĞǆĞƐ�ǁĞƌĞ�ƉƵƌŝĮĞĚ�ďǇ�Ă�ŵŽĚŝĮĞĚ�ƐŽůŝĚ-ƉŚĂƐĞ�ƌĞǀĞƌƐŝďůĞ�ŝŵŵŽďŝůŝǌĂƟŽŶ�ŵĞƚŚŽĚ�;�sĞƌ-�>�^WͿ͘�dŽ�ŝĚĞŶƟĨǇ�ƚŚĞ�
�ǆZE�Ɛ-ƉƌŽƚĞŝŶ�ĐŽŵƉůĞǆĞƐ͕�ǁĞ�ƉĞƌĨŽƌŵĞĚ�ƐŝůǀĞƌ�ƐƚĂŝŶŝŶŐ�ĂŶĚ�ŝŵŵƵŶŽďůŽƚ�ĂŶĂůǇƐŝƐ͘�ZE�-ďŝŶĚŝŶŐ�ƉƌŽƚĞŝŶƐ�ƐƵĐŚ�ĂƐ�ƚŚĞ�
ZE��ƐŝůĞŶĐŝŶŐ�ŵĂĐŚŝŶĞƌǇ�ƉƌŽƚĞŝŶƐ�;�ƌŐŽŶĂƵƚĞ�Ϯ�;�ŐŽϮͿ�ĂŶĚ�d�Z�ZE�-ďŝŶĚŝŶŐ�ƉƌŽƚĞŝŶ�;dZ�WͿͿ�ƚŚĂƚ�ƉůĂǇ�Ă�ŵĂũŽƌ�ƌŽůĞ�ŝŶ�
ŝŶƚƌĂĐĞůůƵůĂƌ�ZE��ĂŶĚ�ǀŝƌƵƐ-ĚĞƌŝǀĞĚ�ĞǆŽŐĞŶŽƵƐ�ZE��ƚƌĂĸĐŬŝŶŐ�ŚĂǀĞ�ďĞĞŶ�ƐƵŐŐĞƐƚĞĚ�ƚŽ�ďĞ�ŝŶǀŽůǀĞĚ�ŝŶ�ƌĞĐŽŐŶŝǌŝŶŐ��ǆZE�Ɛ͘�
tĞ�ŐĞŶĞƌĂƚĞĚ�ŵĂĐƌŽƉŚĂŐĞ-ƐƉĞĐŝĮĐ��ŐŽϮ�ĂŶĚ�dZ�W�;�ŐŽϮ-D͕�dZ�W-DͿ�<K�ŵŝĐĞ�ƚŽ�ĞǀĂůƵĂƚĞ�ƚŚĞ�ĨƵŶĐƟŽŶ�ŽĨ��ŐŽϮ�ĂŶĚ�
dZ�W͘ �tĞ�ŝƐŽůĂƚĞĚ�ƉĞƌŝƚŽŶĞĂů�ĐĂǀŝƚǇ�ĐĞůůƐ�ĨƌŽŵ�ƚŚĞ�ǁŝůĚ͕��ŐŽϮ͕�ĂŶĚ�dZ�W�D-<K�ŵŝĐĞ�ĂŶĚ�ƚƌĞĂƚĞĚ�ƚŚĞŵ�ǁŝƚŚ�ƉĂůŵŝƚĂƚĞ-
ƚƌĞĂƚĞĚ�,ƵŚϳ-ĚĞƌŝǀĞĚ��sƐ�;W�-�sƐͿ͘�&ůŽǁ�ĐǇƚŽŵĞƚƌǇ�ĂŶĚ�ƋW�Z�ĂŶĂůǇƐĞƐ�ǁĞƌĞ�ƉĞƌĨŽƌŵĞĚ�ƚŽ�ŵŽŶŝƚŽƌ�ƚŚĞ�ŝŶŇĂŵŵĂƚŽƌǇ�
ƐƚĂƚƵƐ͘�tĞ�ĂŶĂůǇǌĞĚ�ƚŚĞ�ŝŶŇĂŵŵĂƚŽƌǇ�ƉĂƌĂŵĞƚĞƌƐ�ŝŶ�ƐĞƌƵŵ͕�ƉĂŶĐƌĞĂƐ͕�ĂĚŝƉŽƐĞ�ƟƐƐƵĞ͕�ĂŶĚ�ŵĂĐƌŽƉŚĂŐĞ�ƉŽƉƵůĂƟŽŶ�of 
ĂĚŝƉŽƐĞ�ŝŶ�dZ�W�D-<K�ǁŝƚŚŝŶ�,&�-ŝŶĚƵĐĞĚ�ŽďĞƐŝƚǇ�ŵŽĚĞů͘��ǀĞŶƚƵĂůůǇ͕ �ǁĞ�ƉĞƌĨŽƌŵĞĚ�ƚŚĞ�ŵĞĂƐƵƌŝŶŐ�ĨĂƐƟŶŐ�ŝŶƐƵůŝŶ�ůĞǀĞůƐ͕�
/dd͕ �ĂŶĚ�'^/^�ǁŝƚŚŝŶ�,&�-ŝŶĚƵĐĞĚ�ŽďĞƐŝƚǇ͘�࠙ZĞƐƵůƚƐࠚ�ŌĞƌ�ϴŚƌ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�ϰ-^h��sƐ͕��ŐŽϮ�ĂŶĚ�dZ�W�ƐŝŐŶĂůƐ�ǁĞƌĞ�
ƐŝŐŶŝĮĐĂŶƚůǇ�ĚĞƚĞĐƚĞĚ�ďǇ�ŝŵŵƵŶŽďůŽƚ�ĂŶĂůǇƐŝƐ͕�ďƵƚ�ƚŚĞƐĞ�ƐŝŐŶĂůƐ�ǁĞƌĞ�ĚĞĐƌĞĂƐĞĚ�ĂŌĞƌ�ϮϬŚƌ�ƚƌĞĂƚŵĞŶƚ�ĂŶĚ�ĐŽƵůĚŶΖƚ�
ĚĞƚĞĐƚ�ŝŶ�ĐŽŶƚ��sƐ�ƚƌĞĂƚŵĞŶƚ�ŐƌŽƵƉ͘��ŶĚ�ĂůƐŽ͕�ƐŝůǀĞƌ�ƐƚĂŝŶŝŶŐ�ĂŶĂůǇƐŝƐ�ŝŶĚŝĐĂƚĞĚ�Ă�ŚŝŐŚĞƌ�ƐŝŐŶĂů�ŝŶ�ϰ-^h�ƚƌĞĂƚŵĞŶƚ�ŐƌŽƵƉ�
ƚŚĂŶ�ƚŚĞ�ĐŽŶƚƌŽů͘�dŚĞ�ĨƵŶĐƟŽŶĂů�ĂƐƐĂǇ�ďǇ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�ĂŶĚ�ƋW�Z�ĂŶĂůǇƐŝƐ�ƐŚŽǁĞĚ�ƚŚĂƚ�ƚŚĞ�WƌŽ-ŝŶŇĂŵŵĂƚŽƌǇ�ƌĞƐƉŽŶƐĞƐ�
ďǇ�W�-�sƐ�ǁĞƌĞ�ďůƵŶƚĞĚ�ŝŶ��ŐŽϮ�ĂŶĚ�dZ�W-D�<K�ƉĞƌŝƚŽŶĞĂů�ĐĂǀŝƚǇ�ĐĞůůƐ͘�DŽƌĞŽǀĞƌ͕ �ŝŶŇĂŵŵĂƚŽƌǇ�ŐĞŶĞƐ�ƐƵĐŚ�ĂƐ�dE&-Ă͕�/>-
ϲ͕�ĂŶĚ��Ěϯϴ�ĞǆƉƌĞƐƐŝŽŶ�ůĞǀĞůƐ�ŝŶ�ƚŚĞ�ƉĂŶĐƌĞĂƐ͕�ĂĚŝƉŽƐĞ�ĂŶĚ�ŝƐŽůĂƚĞĚ�ŵĂĐƌŽƉŚĂŐĞ�ĨƌŽŵ�ĂĚŝƉŽƐĞ�ƟƐƐƵĞ�ŝŶ�dZ�W�D-<K�ǁĞƌĞ�
ƐŝŐŶŝĮĐĂŶƚůǇ�ůŽǁĞƌ�ƚŚĂŶ�ŝŶ�td�ŵŝĐĞ͘�dŚĞ�ĨĂƐƟŶŐ�ŝŶƐƵůŝŶ�ůĞǀĞůƐ�ĂŶĚ�/dd�ƐŚŽǁĞĚ�ƚŚĂƚ�D-dZ�W�<K�ŵŝĐĞ�ĂŵĞůŝŽƌĂƚĞĚ�ƚŚĞ�
ŝŶƐƵůŝŶ�ƌĞƐŝƐƚĂŶĐĞ�ƉŚĞŶŽƚǇƉĞ͘�&ŝŶĂůůǇ͕ �ŐůƵĐŽƐĞ-ŝŶĚƵĐĞĚ�ŝŶƐƵůŝŶ�ƐĞĐƌĞƚĂƌǇ�ĂŶĂůǇƐŝƐ�ŝŶĚŝĐĂƚĞĚ�ƚŚĂƚ�ŝŶƐƵůŝŶ�ƐĞĐƌĞƟŽŶ�ůĞǀĞůƐ�ŝŶ�
dZ�W�D-<K�ŵŝĐĞ�ǁĞƌĞ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŚŝŐŚĞƌ�ƚŚĂŶ�td�ŵŝĐĞ͘�࠙Conclusionsࠚ�sĞƌ-�>�^W�ŵŝŐŚƚ�ďĞ�ĂďůĞ�ƚŽ�ŝĚĞŶƟĨǇ�ƚŚĞ�
ŝŶƚĞƌĂĐƟŽŶ�ŽĨ��ǆZE�Ɛ�ĂŶĚ�ĐĞůůƵůĂƌ�ƉƌŽƚĞŝŶƐ͘��ůƐŽ͕�dZ�W�ŵŝŐŚƚ�ďĞ�ŽŶĞ�ŽĨ�ƚŚĞ��ǆZE�Ɛ�ƐĞŶƐŽƌ�ƚŽ�ƌĞĐŽŐŶŝǌĞ�ĂŶĚ�ƌĞŐƵůate the 
ĨƵŶĐƟŽŶ�ŽĨ��ǆZE�Ɛ͘ 
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�ŶũĂůŝ �ǇĂƉƉĂŶĂŚĂůůŝ 
EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ŽŶ��ŐŝŶŐ�;E/�Ϳ 
 
�ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂŶĚ�ƚŚĞŝƌ�ĂƐƐŽĐŝĂƚĞĚ�ĐĂƌŐŽ�ĂƐ�ďŝŽŵĂƌŬĞƌƐ�ŝŶ�ŵŝĚůŝĨĞ�ĨƌĂŝůƚǇ 
�ŶũĂůŝ�D͘��ǇĂƉƉĂŶĂŚĂůůŝϭ͕�EŝĐŽůĞ�EŽƌĞŶ�,ŽŽƚĞŶϭ͕�DǇĂ�sĂŶŶŽǇϭ͕Ϯ͕�EŝĐŽůůĞ��͘�DŽĚĞϭ͕�EŐŽǌŝ��ǌŝŬĞϭ͕��ůĂŶ��͘��ŽŶĚĞƌŵĂŶϭ͕�
DŝĐŚĞůĞ�<͘��ǀĂŶƐϭ 
ϭ͘�>ĂďŽƌĂƚŽƌǇ�ŽĨ��ƉŝĚĞŵŝŽůŽŐǇ�ĂŶĚ�WŽƉƵůĂƟŽŶ�^ĐŝĞŶĐĞ͕�EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ŽŶ��ŐŝŶŐ͕�EĂƟŽŶĂů�/ŶƐƟƚƵƚĞƐ�ŽĨ�,ĞĂůƚŚ͕�Ϯϱϭ�
�ĂǇǀŝĞǁ��ŽƵůĞǀĂƌĚ͕��ĂůƟŵŽƌĞ͕ D��ϮϭϮϮϰ 
Ϯ͘��ƵƌƌĞŶƚ�ĂĚĚƌĞƐƐ͗�WĞƌĞůŵĂŶ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�WĞŶŶƐǇůǀĂŶŝĂ͕�ϯϰϬϬ��ŝǀŝĐ��ĞŶƚĞƌ��ŽƵůĞǀĂƌĚ�WŚŝůĂĚĞůƉŚŝĂ͕�
W��ϭϵϭϬϰ 
 
�ĂĐŬŐƌŽƵŶĚ͗�&ƌĂŝůƚǇ�ŝƐ�ĂŶ�ĂŐŝŶŐ-ĂƐƐŽĐŝĂƚĞĚ�ĐůŝŶŝĐĂů�ƐǇŶĚƌŽŵĞ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�Ă�ůŽǁ-ŐƌĂĚĞ�ƐƚĞƌŝůĞ�ŝŶŇĂŵŵĂƚŽƌǇ�ƐƚĂƚĞ�that 
ĐĂŶ�ĐŽŵŵĞŶĐĞ�Ăƚ�ŵŝĚůŝĨĞ�ǁŝƚŚ�ƐŝŵŝůĂƌ�ƌŝƐŬ�ĨŽƌ�ŵŽƌďŝĚŝƚǇ�ĂŶĚ�ŵŽƌƚĂůŝƚǇ͘�>ŝƩůĞ�ŝƐ�ŬŶŽǁŶ�ĂďŽƵƚ�ƚŚĞ�ĨĂĐƚŽƌƐ�ĐŽŶƚƌŝďƵƟŶŐ�ƚŽ�
ƚŚŝƐ�ĐŚƌŽŶŝĐ�ŝŶŇĂŵŵĂƚŽƌǇ�ƐƚĂƚĞ͘��ĂŵĂŐĞ-ĂƐƐŽĐŝĂƚĞĚ�ŵŽůĞĐƵůĂƌ�ƉĂƩĞƌŶ�;��DWͿ�ŵŽůĞĐƵůĞƐ�ŚĂǀĞ�ďĞĞŶ�ƐŚŽǁŶ�ƚŽ�ĚƌŝǀĞ�
ƐƚĞƌŝůĞ�ŝŶŇĂŵŵĂƟŽŶ͘�tĞ�ƌĞĐĞŶƚůǇ�ƌĞƉŽƌƚĞĚ�ƚŚĂƚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ĐŽŶƚĂŝŶ�ĐŝƌĐƵůĂƟŶŐ�ĐĞůů-ĨƌĞĞ�ŵŝƚŽĐŚŽŶĚƌŝĂů�
�E��;ĐĐĨ-ŵƚ�E�Ϳ͕�ǁŚŝĐŚ�ĐĂŶ�ĂĐƚ�ĂƐ�Ă���DW�ŵŽůĞĐƵůĞ͘� 

�ŝŵƐ͗ KƵƌ�Ăŝŵ�ǁĂƐ�ƚŽ�ŝŶǀĞƐƟŐĂƚĞ�ǁŚĞƚŚĞƌ��s�ĐĂƌŐŽ͕�ƐƉĞĐŝĮĐĂůůǇ�ĐĐĨ-ŵƚ�E��ĂŶĚ�ŝŶŇĂŵŵĂƚŽƌǇ�ƉƌŽƚĞŝŶƐ͕�ŵĂǇ�ĂĐƚ�ĂƐ���DW� 
ŵŽůĞĐƵůĞƐ�ŝŶ�ĞĂƌůǇ�ĨƌĂŝůƚǇ�ŝŶ�Ă�ĚŝǀĞƌƐĞ�ĐŽŚŽƌƚ�ŽĨ��ĨƌŝĐĂŶ��ŵĞƌŝĐĂŶ�ĂŶĚ�tŚŝƚĞ�ƉĂƌƟĐŝƉĂŶƚƐ͘ 

DĞƚŚŽĚŽůŽŐǇ͗ �sƐ�ǁĞƌĞ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ƚŚĞ�ƉůĂƐŵĂ�ŽĨ�ŶŽŶ-ĨƌĂŝů�;ŶсϵϬͿ�ĂŶĚ�ĨƌĂŝů�;ŶсϴϳͿ�ŵŝĚĚůĞ-ĂŐĞĚ�;ϰϱ-ϱϱ�ǇĞĂƌƐͿ�
ƉĂƌƟĐŝƉĂŶƚƐ�ĨƌŽŵ�ƚŚĞ�,ĞĂůƚŚǇ��ŐŝŶŐ�ŝŶ�EĞŝŐŚďŽƌŚŽŽĚƐ�ŽĨ��ŝǀĞƌƐŝƚǇ�ĂĐƌŽƐƐ�ƚŚĞ�>ŝĨĞ�^ƉĂŶ�ƐƚƵĚǇ�ƵƐŝŶŐ�ƐŝǌĞ�ĞǆĐůƵƐŝŽŶ�
ĐŚƌŽŵĂƚŽŐƌĂƉŚǇ�;^��Ϳ͘��s-ĞŶƌŝĐŚĞĚ�ĨƌĂĐƟŽŶƐ�ǁĞƌĞ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ƵƐŝŶŐ�ŝŵŵƵŶŽďůŽƫŶŐ͕�ƚƌĂŶƐŵŝƐƐŝŽŶ�ĞůĞĐƚƌŽŶ�
ŵŝĐƌŽƐĐŽƉǇ͕ �ĂŶĚ�ŶĂŶŽƉĂƌƟĐůĞ�ƚƌĂĐŬŝŶŐ�ĂŶĂůǇƐŝƐ͘�dŽ�ĞǆĂŵŝŶĞ��s�ŵƚ�E��ůĞǀĞůƐ͕ �E��ǁĂƐ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ��sƐ�ĂŶĚ�ĂŶĂůǇǌĞĚ�ďǇ�
ƋƵĂŶƟƚĂƟǀĞ�ƌĞĂů-ƟŵĞ�W�Z�ƵƐŝŶŐ�ĨŽƵƌ�ĚŝīĞƌĞŶƚ�ŵƚ�E��ƉƌŝŵĞƌƐ͘�EŝŶĞƚǇ-ƚǁŽ�ŝŶŇĂŵŵĂƚŽƌǇ�ƉƌŽƚĞŝŶƐ�ǁĞƌĞ�ƋƵĂŶƟĮĞĚ�ĨƌŽŵ�
�sƐ�ƵƐŝŶŐ�ƉƌŽǆŝŵŝƚǇ�ĞǆƚĞŶƐŝŽŶ�ĂƐƐĂǇƐ͘�dŽ�ŝŶǀĞƐƟŐĂƚĞ�ƚŚĞ�ĨƵŶĐƟŽŶĂů�ĞīĞĐƚ�ŽĨ��sƐ�ĨƌŽŵ�ĨƌĂŝů�ĂŶĚ non-ĨƌĂŝů�ŝŶĚŝǀŝĚƵĂůƐ͕�ǁĞ�
ŵĞĂƐƵƌĞĚ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĞŶĞƌŐĞƟĐƐ�ŝŶ�ǀŝƚƌŽ͘�>ĞǀĞůƐ�ŽĨ��s�ĐŽŶĐĞŶƚƌĂƟŽŶ͕�ŵƚ�E�͕�ĂŶĚ�ŝŶŇĂŵŵĂƚŽƌǇ�ƉƌŽƚĞŝŶƐ�ǁĞƌĞ�
ĂŶĂůǇǌĞĚ�ƵƐŝŶŐ�ůŝŶĞĂƌ�ƌĞŐƌĞƐƐŝŽŶ͕�ŵŽĚĞůĞĚ�ƚŽ�ƚŚĞ�ƐƚƵĚǇ�ĚĞƐŝŐŶ�ŽĨ�ĨƌĂŝůƚǇ͕ �ƌĂĐĞ͕�ƐĞǆ͕�ĂŶĚ�ƉŽǀĞƌƚǇ�ƐƚĂƚƵƐ͘� 

ZĞƐƵůƚƐ͗ �s�ŵĂƌŬĞƌƐ�ǁĞƌĞ�ƉƌĞƐĞŶƚ�ŝŶ�ŽƵƌ��s-ĞŶƌŝĐŚĞĚ�ĨƌĂĐƟŽŶƐ�ĂŶĚ�ƚŚĞ��sƐ�ǁĞƌĞ�Ă�ƚǇƉŝĐĂů�ƐŝǌĞ�ĂŶĚ�ŵŽƌƉŚŽůŽŐǇ�ŽĨ�ƉůĂƐŵĂ�
�sƐ͘��s�ĐŽŶĐĞŶƚƌĂƟŽŶ�ǁĂƐ�ŚŝŐŚĞƐƚ�ŝŶ�ĨƌĂŝů�tŚŝƚĞ�ƉĂƌƟĐŝƉĂŶƚƐ͘�>ĞǀĞůƐ�ŽĨ��s�ŵƚ�E��ǁĞƌĞ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŚŝŐŚĞƌ�ŝŶ�ĨƌĂŝů�
ŝŶĚŝǀŝĚƵĂůƐ�ĐŽŵƉĂƌĞĚ to non-ĨƌĂŝů�ŝŶĚŝǀŝĚƵĂůƐ͘�^ŝǆ�ŝŶŇĂŵŵĂƚŽƌǇ�ƉƌŽƚĞŝŶƐ�;&'&-Ϯϭ͕�,'&͕ �/>-ϭϮ�͕�W�->ϭ͕�WZ�yϯ͕�^d�D�WͿ�
ǁĞƌĞ�ƐŝŐŶŝĮĐĂŶƚůǇ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĨƌĂŝůƚǇ͘��s�ŝŶŇĂŵŵĂƚŽƌǇ�ƉƌŽƚĞŝŶƐ�ǁĞƌĞ�ƐŝŐŶŝĮĐĂŶƚůǇ�ĂůƚĞƌĞĚ�ďǇ�ĨƌĂŝůƚǇ�ƐƚĂƚƵƐ͕�ƌĂĐĞ͕�ƐĞǆ͕ 
ĂŶĚ�ƉŽǀĞƌƚǇ�ƐƚĂƚƵƐ͘�&Žƌ�ĞǆĂŵƉůĞ͕�ƚŚĞ�ůĞǀĞůƐ�ŽĨ��s-ĂƐƐŽĐŝĂƚĞĚ���ϱ͕���ϴ�͕���Ϯϰϰ͕��y�>ϭ͕��y�>ϲ͕��y�>ϭϭ͕�>�W-d'&-ďĞƚĂ-ϭ͕�
ĂŶĚ�D�W-ϰ�ǁĞƌĞ�ŚŝŐŚĞƌ�ŝŶ�ĨƌĂŝů�tŚŝƚĞ�ƉĂƌƟĐŝƉĂŶƚƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ŶŽŶ-ĨƌĂŝů�tŚŝƚĞ�ĂŶĚ�ĨƌĂŝů��ĨƌŝĐĂŶ��ŵĞƌŝĐĂŶ�ƉĂƌƟĐŝƉĂŶƚƐ͘�
�s-ĂƐƐŽĐŝĂƚĞĚ�ƵƌŽŬŝŶĂƐĞ-ƚǇƉĞ�ƉůĂƐŵŝŶŽŐĞŶ�ĂĐƟǀĂƚŽƌ�;ƵW�Ϳ�ǁĂƐ�ŚŝŐŚĞƐƚ�ŝŶ�ĨƌĂŝů�tŚŝƚĞ�ƉĂƌƟĐŝƉĂŶƚƐ�ůŝǀŝŶŐ�ďĞůŽǁ�ƉŽǀĞƌƚǇ͘�
�s-ĂƐƐŽĐŝĂƚĞĚ���>Ϯϴ�ůĞǀĞůƐ�ǁĞƌĞ�ŚŝŐŚĞƐƚ�ŝŶ�ŶŽŶ-ĨƌĂŝů�ǁŽŵĞŶ�ĂŶĚ��y�>ϭ�ǁĞƌĞ�ŚŝŐŚĞƐƚ�ŝŶ�ŶŽŶ-ĨƌĂŝů�ŵĞŶ͘�>ĞǀĞůƐ�ŽĨ���ϱ͕�
��ϴ�͕��y�>ϭ͕�>�W-d'&-ďĞƚĂ-ϭ͕�ĂŶĚ�ƵW��ǁĞƌĞ�ŚŝŐŚĞƌ�ŝŶ�ŵĞŶ�ůŝǀŝŶŐ�ďĞůŽǁ�ƉŽǀĞƌƚǇ͘��y�>ϲ�ůĞǀĞůƐ�ǁĞƌĞ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŚŝŐŚĞƌ�ŝŶ�
ŝŶĚŝǀŝĚƵĂůƐ�ůŝǀŝŶŐ�ĂďŽǀĞ�ƉŽǀĞƌƚǇ͘��s-ĂƐƐŽĐŝĂƚĞĚ�ůĞǀĞůƐ�ŽĨ�ŵƚ�E��ĂŶĚ�ŝŶŇĂŵŵĂƚŽƌǇ�ƉƌŽƚĞŝŶƐ�ǁĞƌĞ�ƐŝŐŶŝĮĐĂŶƚůǇ�ĐŽƌƌĞůĂƚĞĚ͘�
�ĚĚŝƟŽŶĂůůǇ͕ �ƚƌĞĂƚŵĞŶƚ�ŽĨ�d,W-ϭ�ĐĞůůƐ�ǁŝƚŚ��sƐ�ĨƌŽŵ�ĨƌĂŝů�ŝŶĚŝǀŝĚƵĂůƐ�ƌĞƐƵůƚĞĚ�ŝŶ�ŝŶĐƌĞĂƐĞĚ�ďĂƐĂů�ƌĞƐƉŝƌĂƟŽŶ�ĐŽŵƉĂƌĞĚ�ƚŽ�
ƚƌĞĂƚŵĞŶƚ�ŽĨ��sƐ�ĨƌŽŵ�ŶŽŶ-ĨƌĂŝů�ŝŶĚŝǀŝĚƵĂůƐ͘ 

�ŽŶĐůƵƐŝŽŶƐ͗ dŚĞƐĞ�ĚĂƚĂ�ƐƵŐŐĞƐƚ�ƚŚĂƚ���DW�ŵŽůĞĐƵůĞƐ͕�ƐƵĐŚ�ĂƐ�ŵƚ�E�͕�ĂŶĚ�ŝŶŇĂŵŵĂƚŽƌǇ�ƉƌŽƚĞŝŶƐ�ĂƌĞ�ŚŝŐŚĞƌ�ŝŶ��sƐ�
ĨƌŽŵ�ĨƌĂŝů�ŝŶĚŝǀŝĚƵĂůƐ͘��sƐ�ĨƌŽŵ�ĨƌĂŝů�ŝŶĚŝǀŝĚƵĂůƐ�ĐĂŶ�ĂīĞĐƚ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĞŶĞƌŐĞƟĐƐ͘�dŚĞ�ĂƐƐŽĐŝĂƟŽŶ�ŽĨ�ŵƚ�E��ǁŝƚŚ�
ĐŚĞŵŽŬŝŶĞƐ�ĂŶĚ�ŽƚŚĞƌ�ŝŶŇĂŵŵĂƚŽƌǇ��s�ĐĂƌŐŽ�ƉƌŽƚĞŝŶƐ�ŵĂǇ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ƚŚĞ�ĨƌĂŝůƚǇ�ƉŚĞŶŽƚǇƉĞ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�ƚŚĞ�ƐŽĐŝĂů�
ĚĞƚĞƌŵŝŶĂŶƚ�ŽĨ�ŚĞĂůƚŚ͕�ƉŽǀĞƌƚǇ͕ �ŝŶŇƵĞŶĐĞƐ�ƚŚĞ�ŝŶŇĂŵŵĂƚŽƌǇ�ĐĂƌŐŽ�ŽĨ��sƐ�ŝŶ�ŵŝĚůŝĨĞ�ĨƌĂilty. 

 

 

 



Poster Abstract # 27 

�ŚĂŶŚĞĞ WĂƌŬ 
hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ͕��ĂůƟŵŽƌĞ 
 
�ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĨƌŽŵ�ƐĞƉƟĐ�ƉůĂƐŵĂ�ŽĨ�ŵŝĐĞ�ŝŶĚƵĐĞ�ďƌĂŝŶ�ŝŶŇĂŵŵĂƟŽŶ�ǀŝĂ�
D/ZE��ĐĂƌŐŽ 
�ŚĂŶŚĞĞ�WĂƌŬϭ͕�zƵŶ�>ŝϭ͕��ŚƵŽĨĂŶ�>Ğŝϭ͕�DĞůŝĂŶ�:ŽŶĞƐϭ͕�:ƵŶǇƵŶ�,Ğϭ͕�&ĞŶŐƋŝĂŶ��ŚĞŶϭ͕�,Ƶŝ�>ŝϭ͕��<ĂǀŝƚŚĂ��ƌƵŶŶĞƌϭ͕�:ŝŶŐ��ŚƵϭ͕�
^ƚĞǀĞ�D͘�:ĂǇϯ͕�tĞŝ��ŚĂŽϭ͕�:ƵŶĨĂŶŐ�tƵϭ͕Ϯ͕�>ŝŶ��ŽƵϭ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŶĞƐƚŚĞƐŝŽůŽŐǇ�Θ��ĞŶƚĞƌ�ĨŽƌ�^ŚŽĐŬ͕�dƌĂƵŵĂ�ĂŶĚ��ŶĞƐƚŚĞƐŝŽůŽŐǇ�ZĞƐĞĂƌĐŚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕��ĂůƟŵŽƌĞ͕�D�� 
Ϯ͘hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ��ĞŶƚĞƌ�ƚŽ��ĚǀĂŶĐĞĚ��ŚƌŽŶŝĐ�WĂŝŶ�ZĞƐĞĂƌĐŚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ͕��ĂůƟŵŽƌĞ͕�D� 
ϯ͘�&ŝƐĐŚĞůů��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŝŽĞŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ��ŽůůĞŐĞ�WĂƌŬ 
 
 
�ĂĐŬŐƌŽƵŶĚ͗�^ĞƉƐŝƐ-ĂƐƐŽĐŝĂƚĞĚ�ĞŶĐĞƉŚĂůŽƉĂƚŚǇ�;^��Ϳ�ŽĐĐƵƌƐ�ŝŶ�ƐĞƉƐŝƐ�ƐƵƌǀŝǀŽƌƐ͕�ǁŚĞƌĞ�ŶĞƵƌŽŶĂů�ŝŶŇĂŵŵĂƟŽŶ�ƉůĂǇƐ�Ă�
ĐƌŝƟĐĂů�ƌŽůĞ�ŝŶ�ŝƚƐ�ƉĂƚŚŽŐĞŶĞƐŝƐ͘�KƵƌ�ƌĞĐĞŶƚ�ƐƚƵĚŝĞƐ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĂƚ�ƉůĂƐŵĂ�ĞǆƚƌĂĐĞůůƵůĂƌ�;ĞǆͿ�ŵŝZE�Ɛ͕�ŝŶĐůƵĚŝŶŐ�ŵŝZ-
ϭϰϲĂ͕�ŵŝZ-ϭϮϮ͕�ŵŝZ-ϯϰĂ͕�ŵŝZ-ϭϰϱ͕�ŝŶĐƌĞĂƐĞĚ�ŝŶ�ƐĞƉƐŝƐ͘�dŚĞƐĞ�Ğǆ-ŵŝZE�Ɛ�ĐĂƵƐĞ�ŶĞƵƌŽŶĂů�ŝŶŇĂŵŵĂƟŽŶ�ďŽƚŚ in microglial 
ĐƵůƚƵƌĞƐ�ĂŶĚ�ŝŶ�ƚŚĞ�ŝŶƚĂĐƚ�ďƌĂŝŶ͘��ǆƚƌĂĐĞůůƵůĂƌ�ǀĞŚŝĐůĞƐ�;�sƐͿ�ŚĂǀĞ�ďĞĞŶ�ƉƌŽƉŽƐĞĚ�ĂƐ�Ă�ǀĞŚŝĐůĞ�ĨŽƌ�Ğǆ-ŵŝZE�-ŵĞĚŝĂƚĞĚ�
ŝŶƚĞƌĐĞůůƵůĂƌ�ĐŽŵŵƵŶŝĐĂƟŽŶ͘�,ŽǁĞǀĞƌ͕ �ƚŚĞ�ďŝŽůŽŐŝĐĂů�ĨƵŶĐƟŽŶ�ŽĨ�ƉůĂƐŵĂ��sƐ�ĂŶĚ�ƚŚĞŝƌ�ŵŝZE��ĐĂƌŐŽ�ŝŶ�ŶĞƵƌŽŶĂů�
ŝŶŇĂŵŵĂƟŽŶ�ŝs unclear.  

�ŝŵ͗�tĞ�ŚǇƉŽƚŚĞƐŝǌĞ�ƚŚĂƚ�ƐĞƉƟĐ�ƉůĂƐŵĂ��sƐ�ĐĂƌƌǇŝŶŐ�ŵŝZE�Ɛ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ŶĞƵƌŽŝŶŇĂŵŵĂƟŽŶ͘� 

DĞƚŚŽĚƐ͗��sƐ�ĨƌŽŵ�,�<Ϯϵϯ�ĐĞůů�ĐƵůƚƵƌĞƐ�;Ϯϵϯ�sƐͿ�ǁĞƌĞ�ůĂďĞůĞĚ�ǁŝƚŚ�ŇƵŽƌĞƐĐĞŶƚ�ĚǇĞ�W<,Ϯϲ�ĂŶĚ�ƵƐĞĚ�ƚŽ�ƚĞƐƚ��s�
ŝŶƚĞƌŶĂůŝǌĂƟŽŶ͘�WůĂƐŵĂ��sƐ�ǁĞƌĞ�ŝƐŽůĂƚĞĚ�ƵƐŝŶŐ�ƵůƚƌĂĐĞŶƚƌŝĨƵŐĂƟŽŶ�ĂŶĚ�ƋƵĂŶƟĮĞĚ�ďǇ�sŝĞǁƐŝǌĞƌ�ϯϬϬϬ�;,ŽƌŝďĂͿ͘�DŝĐƌŽŐůŝĂ�
ĂŶĚ�Z�t�ĐĞůůƐ�ǁĞƌĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�W<,Ϯϲ-ůĂďĞůĚ�Ϯϵϯ�sƐ�;Ϯϵϯ�sƐ-W<,ϮϲͿ�ĨŽƌ�ŽǀĞƌŶŝŐŚƚ͘�dŚĞ�ƵƉƚĂŬĞ�ŽĨ�Ϯϵϯ�sƐ-W<,Ϯϲ�ďǇ�
ƚŚĞ�ĐĞůůƐ�ǁĂƐ�ŽďƐĞƌǀĞĚ�ƵŶĚĞƌ�Ă�ĐŽŶĨŽĐĂů�ŵŝĐƌŽƐĐŽƉĞ�;EŝŬŽŶͿ͘�^ĞƉƐŝƐ ǁĂƐ�ĐƌĞĂƚĞĚ�ďǇ�ĐĞĐĂů�ůŝŐĂƟŽŶ�ĂŶĚ�ƉƵŶĐƚƵƌĞ�;�>WͿ�ŝŶ�
ŵŝĐĞ͘�^ŚĂŵ�ŵŝĐĞ�ŚĂĚ�ůĂƉĂƌŽƚŽŵǇ�ŽŶůǇ͘��ƌĂŝŶ�ŝŵŵƵŶĞ�ĐĞůůƐ�ĂŶĚ�ĐǇƚŽŬŝŶĞ�ŐĞŶĞ�ĞǆƉƌĞƐƐŝŽŶ�ǁĞƌĞ�ŵĞĂƐƵƌĞ�ďǇ�ŇŽǁ�
ĐǇƚŽŵĞƚƌǇ�ĂŶĚ�ƋZd-W�Z͘�DŝĐƌŽŐůŝĂ�ǁĞƌĞ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ŶĞŽŶĂƚĂů�ŵŽƵƐĞ�ďƌĂŝŶ͘�dŚĞ�ĨƵŶĐƟŽŶ�ŽĨ��s-assoĐŝĂƚĞĚ�ŵŝZE�Ɛ�ǁĂƐ�
ƚĞƐƚĞĚ�ďǇ�ƉƌĞŝŶĐƵďĂƟŶŐ��sƐ�ǁŝƚŚ�ĐŽŶƚƌŽů�ŽůŝŐŽƐ�Žƌ�ĂŶƟ-ŵŝZE�Ɛ�ĐŽŵďŽ�ƉƌŝŽƌ�ƚŽ�ƚŚĞ�ĐĞůů�ƚƌĞĂƚŵĞŶƚ͘�dŚĞ�ŵŽƵƐĞ�ŶĞƵƌŽŶĂů�
ĐĞůůƐ�ǁĞƌĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�ƚŚĞ��>W��sƐ�Žƌ�ŵŝĐƌŽŐůŝĂů�ĐŽŶĚŝƟŽŶĞĚ�ŵĞĚŝĂ�;�DͿ͕�ǁŚŝĐŚ�ǁĞƌĞ�ĐŽůůĞĐƚĞĚ�ĨƌŽŵ�ƚŚĞ�ŵŝĐƌŽŐůŝĂů�
culturĞƐ�ƚƌĞĂƚĞĚ�ǁŝƚŚ��>W�Žƌ�ƐŚĂŵ��sƐ͘�EĞƵƌŽŶĂů�ĂƉŽƉƚŽƐŝƐ�ǁĂƐ�ŵĞĂƐƵƌĞĚ�ďǇ�ĐůĞĂǀĞĚ�ĐĂƐƉĂƐĞ-ϯ�ŝŶ�tĞƐƚĞƌŶ�ďůŽƚ͘ 

ZĞƐƵůƚƐ͗�DŝĐƌŽŐůŝĂ�ĂŶĚ�Z�tϮϲϰ͘ϳ�ĐĞůůƐ�ŝŶƚĞƌŶĂůŝǌĞĚ�Ϯϵϯ�sƐ-W<,Ϯϲ�ĂŌĞƌ�Ϯϰ�ŚŽƵƌƐ�ŽĨ�ŝŶĐƵďĂƟŽŶ�ĂƐ�ĐŽŶĨŽĐĂů�ŇƵŽƌĞƐĐĞŶƚ�
ŝŵĂŐĞƐ͘�/�s�ĚĞůŝǀĞƌǇ�ŽĨ��>W-�sƐ͕�ďƵƚ not Sham-�sƐ͕�ůĞĚ�ƚŽ�Ă�ŵĂƌŬĞĚ�ďƌĂŝŶ�ŝŶĮůƚƌĂƟŽŶ�ŽĨ�ŝŵŵƵŶĞ�ĐĞůůƐ͕�Ğ͘Ő͕͘�ŶĞƵƚƌŽƉŚŝůƐ�
ĂŶĚ�ŵŽŶŽĐǇƚĞƐ͘��ƌĂŝŶ�ĐǇƚŽŬŝŶĞͬĐŚĞŵŽŬŝŶĞ�ŐĞŶĞ�ĞǆƉƌĞƐƐŝŽŶƐ͕�ƐƵĐŚ�ĂƐ��y�>Ϯ͕�dE&ɲ͕�/>-ϲ͕�/>-ϭ�ɴ͕�ǁĞƌĞ�ĂůƐŽ�ƐŝŐŶŝĮĐĂŶƚůǇ�
ƵƉƌĞŐƵůĂƚĞĚ�ŝŶ�ƚŚĞ�ĐĞƌĞďƌĂů�ĐŽƌƚĞǆ�ĨŽůůŽǁŝŶŐ�/�s�ŝŶũĞĐƟŽŶ�ŽĨ��>W-�sƐ͘�/Ŷ�ŵŝĐƌŽŐůŝĂů�ĐƵůƚƵƌĞƐ͕��>W-�sƐ�ŝŶĚƵĐĞĚ�Ă�ĐǇƚŽŬŝŶĞ�
ƉƌŽĚƵĐƟŽŶ�ŝŶĐůƵĚŝŶŐ��y�>Ϯ�ĂŶĚ�/>-ϲ�ŝŶ�Ă�ĚŽƐĞ-ĚĞƉĞŶĚĞŶƚ�ŵĂŶŶĞƌ͕ �ǁŚŝůĞ�^ŚĂŵ-�sƐ�ĚŝĚ�ŶŽƚ͘�WƌĞƚƌĞĂƚŵĞŶƚ�ŽĨ��sƐ�ǁŝƚŚ�
ĂŶƟ-ŵŝZE�Ɛ�ĐŽŵďŽ�;ĂŶƟ-ŵŝZ-ϭϰϲĂ͕�-ϭϮϮ͕�-ϯϰĂ͕�-ϭϰϱͿ�ůĞĚ�ƚŽ�Ă�ϰϵ͘ϯй�ŝŶŚŝďŝƟŽŶ�ŝŶ��>W-�s-ŵĞĚŝĂƚĞĚ��y�>Ϯ�ƉƌŽĚƵĐƟŽŶ�ĂƐ�
ĐŽŵƉĂƌĞĚ�ƚŽ�ƚŚĂƚ�ŽĨ�ĐŽŶƚƌŽů�ŽůŝŐŽƐ͘�/ŵƉŽƌƚĂŶƚůǇ͕ �ŶĞƵƌŽŶĂů�ĐĞůůƐ�ĞǆŚŝďŝƚĞĚ�ĂŶ�ŝŶĐƌĞĂƐĞ�ŝŶ�ĐůĞĂǀĞĚ�ĐĂƐƉĂƐĞ-ϯ͕�ĂŶ�ĂĐƟǀĞ�
ĞŶǌǇŵĞ�ĨŽƌ�ĐĞůů�ĂƉŽƉƚŽƐŝƐ͕�Ϯϰ�Ś�ĂŌĞƌ�ŵŝĐƌŽŐůŝĂů��D�ƚƌĞĂƚŵĞŶƚ͕�ďƵƚ�ŶŽƚ�ďǇ�ĚŝƌĞĐƚ��>W-�s�ƚƌĞĂƚŵĞŶt.  

�ŽŶĐůƵƐŝŽŶ͗�WůĂƐŵĂ��sƐ�ŽĨ�ƐĞƉƟĐ�ŵŝĐĞ�ĐĂƵƐĞ�ďƌĂŝŶ�ŝŶŇĂŵŵĂƟŽŶ�ďŽƚŚ�ŝŶ�ƚŚĞ�ŝŶƚĂĐƚ�ĂŶŝŵĂů�ĂŶĚ�ŝŶ�ƚŚĞ�ŵŝĐƌŽŐůŝĂů�ĐƵůƚƵƌĞƐ͘�
DĞĚŝĂ�ĨƌŽŵ�ĂĐƟǀĂƚĞĚ�ŵŝĐƌŽŐůŝĂ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�ƚŚĞ�ƐĞƉƟĐ��sƐ�ŝŶĚƵĐĞ�ŶĞƵƌŽŶĂů�ĂƉŽƉƚŽƐŝƐ͘�dŚĞ�ƉƌŽŝŶŇĂŵŵĂƚŽƌǇ�ƉƌŽƉĞƌƚǇ�ŽĨ�
ƚŚĞ��sƐ�ŝŶ�ƉĂƌƚ�ĂƩƌŝďƵƚĞƐ�ƚŽ�ƚŚĞŝƌ�ĐĂƌŐŽ�ŵŝZE�Ɛ͘ 
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^ŝĚĚŚĂƌƚŚ ^ƌŝǀĂƐƚĂǀĂ 
University of California͕�>ŽƐ Angeles 
 
hƟůŝǌŝŶŐ�^�Z^�ŽĨ�ŝŵŵƵŶŽĐĂƉƚƵƌĞĚ�ĞǆŽƐŽŵĞƐ�ƚŽ�ƚƌĂĐŬ�ĞǆZE� 
^ŝĚĚŚĂƌƚŚ�^ƌŝǀĂƐƚĂǀĂϭ͕�:ƵŶ�>ŝƵϭ͕�dŝĞǇŝ�>ŝϭ͕�zŽŶŐ�<ŝŵϮ͕��ĂǀŝĚ�tŽŶŐϮ͕�zĂ-,ŽŶŐ�yŝĞϭ 
ϭ͘�DĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�- >ŽƐ��ŶŐĞůĞƐ 
Ϯ͘�^ĐŚŽŽů�ŽĨ��ĞŶƟƐƚƌǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�- >ŽƐ��ŶŐĞůĞƐ 
 
^ƵƌĨĂĐĞ��ŶŚĂŶĐĞĚ�ZĂŵĂŶ�^ƉĞĐƚƌŽƐĐŽƉǇ�;^�Z^Ϳ�ŝƐ�Ă�ƚĞĐŚŶŝƋƵĞ�ƚŚĂƚ�ƉƌŽǀŝĚĞƐ�ďŝŽŵŽůĞĐƵůĂƌ�͞ĮŶŐĞƌƉƌŝŶƚƐ͟�ŽĨ�ƚŚĞŝƌ�ĞŶƟƌĞ�
ďŝŽĐŚĞŵŝĐĂů�ĐŽŶƚĞŶƚ�;ŶƵĐůĞŝĐ�ĂĐŝĚƐ͕�ĂŵŝŶŽ�ĂĐŝĚƐ͕�ůŝƉŝĚƐ͕�ĞƚĐͿ�ǀŝĂ�ƚŚĞ�ĐŽŵƉŽƐŝƟŽŶ�ŝŶĨŽƌŵĂƟŽŶ�ŽĨ�ƚŚĞ�ĐŽůůĞĐƟǀĞ�ZĂŵĂŶ-
ĂĐƟǀĞ�ďŽŶĚƐ�ŝŶƐŝĚĞ��sƐ͘�tĞ�ĚĞƐĐƌŝďĞ�Ă�ƉůĂƞŽƌŵ�ƚŚĂƚ�ŝƐ�ďĂƐĞĚ�ŽŶ�^�Z^�ŝŶ�ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�ŵĂĐŚŝŶĞ�ůĞĂƌŶŝŶŐ�ĂŶĚ�
ŵƵůƟǀĂƌŝĂƚĞ�ĂŶĂůǇƐŝƐ�ƚŽ�ĚĞŵŽŶƐƚƌĂƚĞ�ƚŚĞ�ƵƟůŝƚǇ�ŽĨ�ĂŶĂůǇǌŝŶŐ�ǀĞƐŝĐůĞƐ�;ŝŶĐůƵĚŝŶŐ�ZE��ĐŽŶƚĞŶƚͿ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�ĚŝīĞƌĞŶƚ�
ďŝŽůŽŐŝĐĂů�ƐŽƵƌĐĞƐ͘�tĞ�ĚĞŵŽŶƐƚƌĂƚĞ�ƐŝŶŐůĞ�ǀĞƐŝĐůĞ�ƐĞŶƐŝƟǀŝƚǇ�ĂŶĚ�ŚŝŐŚ�ƐƉĞĐŝĮĐŝƚǇ�ŝŶ�ĚŝƐƟŶŐƵŝƐŚŝŶŐ�ďĞƚǁĞĞŶ�ŝŶĚŝǀŝĚƵĂů�
ĞǆŽƐŽŵĞƐ͘�/Ŷ�ƚŚŝƐ�ƐƚƵĚǇ͕ �ǁĞ�ƉƌĞƐĞŶƚ�^�Z^�ĂŶĂůǇƐŝƐ�ŽĨ�ĞǆŽƐŽŵĞƐ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ƐĂůŝǀĂ�ƐĂŵƉůĞƐ�ĨŽƌ�ƚŚĞ�ƉƵƌƉŽƐĞ�ŽĨ�ĞǆZE��
ƚƌĂĐŬŝŶŐ�ĂŶĚ�ƐĂůŝǀĂƌǇ�ůŝƋƵŝĚ�ďŝŽƉƐǇ�ĨŽƌ�ĚŝĂŐŶŽƐŝŶŐ�ŐĂƐƚƌŝĐ�ĐĂŶĐĞƌ�;ǁŽƌŬ�ŝŶ�ƉƌŽŐƌĞƐƐͿ͘� 

��ŬĞǇ�ĐŚĂůůĞŶŐĞ�ĨĂĐĞĚ�ĚƵƌŝŶŐ�^�Z^�ŽĨ�ďŝŽŇƵŝĚƐ�ŝƐ�ƚŚĞ�͞ƚƌĂŝŶŝŶŐ�ĚĂƚĂ�ƉƵƌŝƚǇ͟�ĚƵĞ�ƚŽ�Ă�ĐŽŵƉůĞǆ�ĂŶĂůǇƚĞ�Ğnvironment 
ĐŽŶƐŝƐƟŶŐ�ŽĨ�Ă�ǀĂƌŝĞƚǇ�ŽĨ�ďŝŽƉĂƌƟĐůĞƐ͘�^ƉĞĐŝĮĐĂůůǇ͕ ��sƐ�ĨƌŽŵ�ƉĂƟĞŶƚ�ďŽĚǇ�ŇƵŝĚƐ�ďĞ�ŝƚ�ƐĂůŝǀĂ͕�ďůŽŽĚ�Žƌ�ƟƐƐƵĞ�ĐŽŶƐŝƐƚ�ŽĨ�
ƚŚŽƐĞ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�ďŽƚŚ�ŚĞĂůƚŚǇ�ĐĞůůƐ�ĂƐ�ǁĞůů�ĂƐ�ĐĂŶĐĞƌŽƵƐ�ĐĞůůƐ͘�DĂĐŚŝŶĞ�ůĞĂƌŶŝŶŐ�ƉƌŽŐƌĂŵƐ�ĂƌĞ�ĐŽŶĨƵƐĞĚ�ďǇ͕ �Ğ͘Ő͘�ƚŚĞ��ss 
ĨƌŽŵ�ŚĞĂůƚŚǇ�ĐĞůůƐ�ŝŶ�ĐĂŶĐĞƌ�ƉĂƟĞŶƚƐ�ƚŽ�ƚƌĞĂƚ�ƚŚĞŵ�ĂƐ�ĐŚĂƌĂĐƚĞƌŝƐƟĐ�ŽĨ�ĐĂŶĐĞƌ�ƉĂƟĞŶƚƐ͘�dŽ�ƚĂĐŬůĞ�ƚŚŝƐ�ŝƐƐƵĞ͕�ǁĞ�ƵƟůŝǌĞ�
ƐƵƌĨĂĐĞ�ĨƵŶĐƟŽŶĂůŝǌĂƟŽŶ�ŽĨ�ƚŚĞ�^�Z^�ƐƵďƐƚƌĂƚĞ�ĨŽƌ�ŝŵŵƵŶŽĐĂƉƚƵƌĞ�ŽĨ�ĞǆŽƐŽŵĞƐ�ĨƌŽŵ�ƚŚĞ�ƐĂŵƉůĞ͕�ďǇ�ƚĂƌŐĞƟŶŐ�ƐƉĞĐŝĮĐ��s�
ŵĞŵďƌĂŶĞ�ŵĂƌŬĞƌƐ�ƵŶŝƋƵĞ�ƚŽ�ƚŚĞ�ŽƌŐĂŶ�ŽĨ�ĐŽŶĐĞƌŶ�ƐŽ�ĂƐ�ƚŽ�ƌĞĚƵĐĞ�ƚŚĞ�ĨƌĂĐƟŽŶ�ŽĨ�ƚŚĞ�͞ŵŝƐƚĂŬĞŶ�ŝĚĞŶƟƚǇ͘͟ �/Ŷ�ĂĚĚŝƟŽŶ͕�
ƐŝŐŶĂƚƵƌĞƐ�ƐƵĐŚ�ƚĞƚƌĂƐƉĂŶŝŶ�ŽŶ�ƚŚĞ�Ɛ�s�ŵĞŵďƌĂŶĞ�ĂƌĞ�ƵƐĞĚ�ƚŽ�ĞŶƐƵƌĞ�ƚŚĂƚ�^�Z^�ƐƉĞĐƚƌĂ�ĂƌĞ�ĐŽůůĞĐƚĞĚ�ƚŽ�Ɛ�sƐ�ŽŶůǇ�
ĂǀŽŝĚŝŶŐ�ƚŚĞ�ŽƚŚĞƌ�ƉŽƐƐŝďŝůŝƟĞƐ�ƐƵĐŚ ĂƐ�,�>͕�>�>͕�ĐĞůů�ĚĞďƌŝƐ�ƉƌŽƚĞŝŶ�ĂŐŐƌĞŐĂƚĞƐ͕�ĞƚĐ͘� 

�ĂƚĂ�ĂƌĞ�ƉƌĞƐĞŶƚĞĚ�ĚĞŵŽŶƐƚƌĂƟŶŐ�ƚŚĞ�ŝŵƉƌŽǀĞĚ�ƐƉĞĐŝĮĐŝƚǇ�ďĞĨŽƌĞ�ĂŶĚ�ĂŌĞƌ�ƐƵƌĨĂĐĞ�ĨƵŶĐƟŽŶĂůŝǌĂƟŽŶ͘�^ƵďƐĞƋƵĞŶƚůǇ͕ �ƚŚŝƐ�
ĚĂƚĂ�ŝƐ�ƵƐĞĚ�ƚŽ�ŽďƚĂŝŶ�ĞǆZE��ƐŝŐŶĂƚƵƌĞƐ�ĨƌŽŵ�ƐĂůŝǀĂ�ƐĂŵƉůĞƐ�ŽĨ�ŚĞĂůƚŚǇ�ĐŽŶƚƌŽů�ĂŶĚ�ŐĂƐƚƌŝĐ�ĐĂŶĐĞƌ�ƉĂƟĞŶƚƐ͘�
�ŽǁŶƌĞŐƵůĂƟŽŶ�ŽĨ�ƚŚĞ�ĞǆZE��ŝƐ�ĚĞŵŽŶƐƚƌĂƚĞĚ͕�ĂŶĚ�ĨƵƌƚŚĞƌŵŽƌĞ͕�ƚŚĞ�ĚĂƚĂ�ŝƐ�ƵƐĞĚ�ƚŽ�ĚĞŵŽŶƐƚƌĂƚĞ�ƐƵĐĐĞƐƐĨƵů�ďůŝŶĚ�ƚĞƐƚƐ�
ƚŽ�ĚŝĂŐŶŽƐĞ�ŐĂƐƚƌŝĐ�ĐĂŶĐĞƌ�ĨƌŽŵ�ƐĂůŝǀĂ͘ 

 

 



Poster Abstract # 29 

�ĞŵŝŶŐ tĂŶŐ 
�ŽƉŝĂ��ŝŽƐĐŝĞŶĐĞƐ͕�/ŶĐ͘ 
 
��EĞǆƚ-'ĞŶĞƌĂƟŽŶ�,ŝŐŚ-�ĸĐŝĞŶĐǇ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞ�;�sͿ�/ƐŽůĂƟŽŶ�WůĂƞŽƌŵ͕�
EĂŶŽ�y͕�ĨŽƌ��ŝĂŐŶŽƐƟĐƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ 
�ĞŵŝŶŐ�tĂŶŐϮ͕��ŚĞŶŐƵĂŶŐ��ŚĂŶŐϭ͕�^ŽŶƵ�<ƵŵĂƌϭ͕�^ĂƚǇĂũǇŽƟ�^ĞŶĂƉĂƟϭ͕�EĂŶ�^ƵϮ͕�ĂŶĚ�,ƐƵĞŚ-�ŚŝĂ��ŚĂŶŐϭ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽŵŽůĞĐƵůĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ͕�/E 
Ϯ͘��ŽƉŝĂ��ŝŽƐĐŝĞŶĐĞƐ͕�/ŶĐ͘�WůĞĂƐĂŶƚŽŶ͕��� 
 
 
�ĂĐŬŐƌŽƵŶĚ͗�&ŝůƚƌĂƟŽŶ-ďĂƐĞĚ��s�ŝƐŽůĂƟŽŶ�ƚĞĐŚŶŽůŽŐŝĞƐ�ŚŽůĚ�ŐƌĞĂƚ�ƉŽƚĞŶƟĂů�ŝŶ�ƉƌŽǀŝĚŝŶŐ�ĂĚǀĂŶƚĂŐĞƐ�ŝŶ�ǇŝĞůĚ͕�ƉƵƌŝƚǇ͕ �ĂŶĚ�
ƉƌŽĐĞƐƐŝŶŐ�ƚŚƌŽƵŐŚƉƵƚ�ŽǀĞƌ�ŽƚŚĞƌ�ŵĞƚŚŽĚŽůŽŐŝĞƐ͕�ƐƵĐŚ�ĂƐ�ƵůƚƌĂĐĞŶƚƌŝĨƵŐĂƟŽŶ͕�ƉƌĞĐŝƉŝƚĂƟŽŶ͕�ĂĸŶŝƚǇ�ƉƵƌŝĮĐĂƟŽŶ͕�ĂŶĚ�ƐŝǌĞ�
ĞǆĐůƵƐŝŽŶ�ĐŚƌŽŵĂƚŽŐƌĂƉŚǇ͕ �ĞƚĐ͘�,ŽǁĞǀĞƌ͕ �ĐŽŶǀĞŶƟŽŶĂů�ƵůƚƌĂĮůƚƌĂƟŽŶ�ŵĞƚŚŽĚƐ�ƐƟůů�ƐƵīĞƌ�ĨƌŽŵ�ŝƐƐƵĞƐ�ƐƵĐŚ�ĂƐ�ŵĞŵďƌĂŶĞ�
ĐůŽŐŐŝŶŐ�ĂŶĚ��s�ůŽƐƐ�ĚƵĞ�ƚŽ�ƚƌĂƉƉŝŶŐ͕�ĚĂŵĂŐŝŶŐ͕�Žƌ�ĨƵƐŝŽŶ͘�,ĞƌĞ͕�ǁĞ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĞ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�Ă�ŶĞǆƚ-ŐĞŶĞƌĂƟŽŶ�
�s�ŝƐŽůĂƟŽŶ�ƉůĂƞŽƌŵ͕�EĂŶŽ�y͕�ďĂƐĞĚ�ŽŶ�ĂŶ�ŝŶŶŽǀĂƟǀĞ��ƐǇŵŵĞƚƌŝĐ�EĂŶŽƉŽƌĞ�DĞŵďƌĂŶĞ�;�EDͿ�ŶĂŶŽĮůƚƌĂƟŽŶ�
ƚĞĐŚŶŽůŽŐǇ�ƚŽ�ĂĚĚƌĞƐƐ�ŵĂũŽƌ�ďŽƩůĞŶĞĐŬƐ�ŝŶ��s-ďĂƐĞĚ�ƌĞƐĞĂƌĐŚ͕�ĚŝĂŐŶŽƐƟĐƐ͕�ĂŶĚ�ƚŚĞƌĂƉĞƵƟĐƐ͘ 

�ŝŵƐ͗�KƵƌ�ŐŽĂů�ŝƐ�ƚŽ�ĚĞǀĞůŽƉ�ĂŶ�ŝŶƚĞŐƌĂƚĞĚ�ĂŶĚ�ĂƵƚŽŵĂƚĞĚ�ŝŶƐƚƌƵŵĞŶƚ͕�EĂŶŽ�y͕�ĨŽƌ��s�ŝƐŽůĂƟŽŶ�ĂŶĚ�ĐŽŶĐĞŶƚƌĂƟŽŶ͕�ďĂƐĞĚ�
ŽŶ�ŽƵƌ��ƐǇŵŵĞƚƌŝĐ�EĂŶŽƉŽƌĞ�DĞŵďƌĂŶĞ�;�EDͿ�ŶĂŶŽĮůƚƌĂƟŽŶ�ƚĞĐŚŶŽůŽŐǇ͕ �ƚŽ�ĂĚĚƌĞƐƐ�Ăůů�ƚŚĞ�ĐƵƌƌĞŶƚ�ĐŚĂůůĞŶŐĞƐ�ŝŶ��s�
iƐŽůĂƟŽŶ�ĂŶĚ�ƚŽ�ƉƌŽǀŝĚĞ�ƐŽůƵƟŽŶƐ�ƚŽ�ůĂƌŐĞ-ƐĐĂůĞ��s�ƉƌŽĚƵĐƟŽŶ͘ 

DĞƚŚŽĚŽůŽŐǇ͗�dŚĞ�ŚŝŐŚ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ƚŚĞ��ED�ŝƐ�ĂĐŚŝĞǀĞĚ�ƚŚƌŽƵŐŚ�ĂŶ�ŝŶŶŽǀĂƟǀĞ�ŶĂŶŽ-ĨĂďƌŝĐĂƟŽŶ�ƚĞĐŚŶŽůŽŐǇ�ƚŽ�
ƉƌŽĚƵĐĞ�ĮůƚƌĂƟŽŶ�ŵĞŵďƌĂŶĞƐ�ǁŝƚŚ�ƵŶŝƋƵĞ�ƉŽƌĞ�ƐƚƌƵĐƚƵƌĞƐ͘�dŚĞ�ůŽǁ-ƌĞƐŝƐƚĂŶĐĞ��ED�ŶĂŶŽƉŽƌĞƐ�ŚĂǀĞ�ŚŝŐŚůǇ�ƵŶŝĨŽƌŵ�ƉŽƌĞ�
ƟƉ�ƐŝǌĞ�ĂŶĚ�ĂŶ�ĂƐǇŵŵĞƚƌŝĐĂů�ĐŚĂŶŶĞů�ŐĞŽŵĞƚƌǇ͕ �ǁŚŝĐŚ�ĂůůŽǁƐ�ĞĸĐŝĞŶƚ�ĮůƚƌĂƟŽŶ�Ăƚ�ĞǆƚƌĞŵĞůǇ�ůŽǁ�ƉƌĞƐƐƵƌĞ�;ƵƉ�ƚŽ�ϭϬ�ƟŵĞƐ�
ůŽǁĞƌ�ƚŚĂŶ�ƵƐŝŶŐ�ƚƌĂĚŝƟŽŶĂů�ƵůƚƌĂĮůƚƌĂƟŽŶ�ŵĞŵďƌĂŶĞƐͿ�ƚŽ�ĞůŝŵŝŶĂƚĞ��s�ƚƌĂƉƉŝŶŐ͕�ŵŝŶŝŵŝǌĞ��s�ĚĂŵĂŐĞ�Žƌ�ĨƵƐŝŽŶ͕�ĂŶĚ�
ƉƌĞǀĞŶƚ�ŵĞŵďƌĂŶĞ�ĐůŽŐŐŝŶŐ�ĂŶĚ�ĨŽƵůŝŶŐ͘�dŚĞ�ƌĞƐƵůƟŶŐ��sƐ�ĂƌĞ�ŽĨ�ŚŝŐŚ�ǇŝĞůĚ�ĂŶĚ�ƉƵƌŝƚǇ͕ �ǁŚŝůĞ�ŵĂŝŶƚĂŝŶŝŶŐ�ƚŚĞŝƌ�ŝŶƚĞŐƌŝƚǇ�
ĂŶĚ�ďŝŽ-ĨƵŶĐƟŽŶĂůŝƟĞƐ͘� 

ZĞƐƵůƚƐ�ĂŶĚ��ŽŶĐůƵƐŝŽŶƐ͗��Ǉ�ŝƐŽůĂƟŶŐ��sƐ�ĨƌŽŵ�ďŽƚŚ�ĐĞůů�ĐƵůƚƵƌĞ�ŵĞĚŝƵŵ�ĂŶĚ�ŚƵŵĂŶ�ƉůĂƐŵĂ�ƐĂŵƉůĞƐ͕�ǁĞ�ĚĞŵŽŶƐƚƌĂƚĞĚ�
ƚŚĂƚ�ƚŚĞ�EĂŶŽ�y�ƉůĂƞŽƌŵ�ĐŽƵůĚ�ĂĐŚŝĞǀĞ�ϭͿ�^ŝŵƵůƚĂŶĞŽƵƐ��s�ƉƵƌŝĮĐĂƟŽŶ�ĂŶĚ�ĞŶƌŝĐŚŵĞŶƚ�ǁŝƚŚ�ŚŝŐŚ�ǇŝĞůĚ�;х�ϴϬйͿ�ĂŶĚ�ŚŝŐŚ�
ƉƵƌŝƚǇ�;хϵϵ͘ϱй�ĨƌĞĞ-ƉƌŽƚĞŝŶ�ƌĞŵŽǀĂůͿ͖�ϮͿ�ZĂƉŝĚ�ĂŶĚ�ĂƵƚŽŵĂƚĞĚ�ƉƌŽĐĞƐƐŝŶŐ�ŽĨ�Ă�ǁŝĚĞ�ƌĂŶŐĞ�ŽĨ�ƌĞƐĞĂƌĐŚ�ĂŶĚ�ĚŝĂŐŶŽƐƟĐ�
ƐĂŵƉůĞƐ�ƵƉ�ƚŽ�ϱϬŵů�ǀŽůƵŵĞ͖�ϯͿ�'ĞŶƚůĞ�ĮůƚƌĂƟŽŶ�ƉƌŽĐĞƐƐ�ĨŽƌ�ƉƌĞƐĞƌǀŝŶŐ��s�ŝŶƚĞŐƌŝƚǇ͖�ϰͿ��ŶĐůŽƐĞĚ�ƉƌŽĐĞƐƐŝŶŐ�ƚŚĂƚ�ĂǀŽŝĚƐ�
ƐĂŵƉůĞ�ĐƌŽƐƐ-ĐŽŶƚĂŵŝŶĂƟŽŶ͕�ĂŶĚ�ϱͿ�^ĐĂůĂďůĞ�ƉƌŽĐĞƐƐŝŶŐ�ĐĂƉĂďŝůŝƟĞƐ�;ƵƉ�ƚŽ�ůŝƚĞƌƐ�ŽĨ�ŝŶƉƵƚ�ŵĂƚĞƌŝĂůƐͿ�ĨŽƌ�ƚŚĞƌĂƉĞƵƟĐ��s�
ƉƌŽĚƵĐƟŽŶ͘�dŚĞ ŚŝŐŚůǇ�ƉƵƌĞ��s�ŝƐŽůĂƚĞĚ�ďǇ�ƚŚĞ�EĂŶŽ�y�ƉůĂƞŽƌŵ�ĂůůŽǁƐ�ĂĐĐƵƌĂƚĞ�ĂŶĂůǇƐŝƐ�ŽĨ��s�ďŝŽŵĂƌŬĞƌƐ�ǁŝƚŚŽƵƚ�ƚŚĞ�
ŝŶƚĞƌĨĞƌĞŶĐĞ�ŽĨ�ĐŽŶƚĂŵŝŶĂŶƚƐ͘�dŚĞ��ED�ƚĞĐŚŶŽůŽŐǇ�ďĂƐĞĚ�EĂŶŽ�y�ƐǇƐƚĞŵ�ƌĞƉƌĞƐĞŶƚƐ�Ă�ŶĞǆƚ-ŐĞŶĞƌĂƟŽŶ��s�ŝƐŽůĂƟŽŶ�
ƉůĂƞŽƌŵ�ƚŚĂƚ�ƉƌŽǀŝĚĞƐ�ƵŶƉĂƌĂůůĞůĞĚ�ƉƵƌŝĮĐĂƟŽŶ�ĞĸĐŝĞŶĐǇ�ŽǀĞƌ�Ăůů�ĞǆŝƐƟŶŐ�ƚĞĐŚŶŽůŽŐŝĞƐ�ĂŶĚ�ǁŝůů�ŐƌĞĂƚůǇ�ĂĐĐĞůĞƌĂƚĞ��s�
ƌĞƐĞĂƌĐŚ͕�ĂŶĚ�ĞŶĂďůĞ�ǁŝĚĞ�ĂĚŽƉƟŽŶ�ŽĨ��sƐ�ĨŽƌ�ĚŝĂŐŶŽƐƟĐ�ĂŶĚ�ƚŚĞƌĂƉĞƵƟĐ�ĂƉƉůŝĐĂƟŽŶƐ͘ 

 

 

 



Poster Abstract # 30 

tŝůůŝ �ŚĞƵŶŐ 
University of California, San Diego 
 
�ŚĂƌĂĐƚĞƌŝǌŝŶŐ�ZE��WĂĐŬĂŐŝŶŐ�ŝŶƚŽ��ǆƚƌĂĐĞůůƵůĂƌ�sĞƐŝĐůĞƐ�;�sͿ�ďǇ��ŽŵƉĂƌŝŶŐ�ZE��
ŝŶ��s�ĂŶĚ�ŽƚŚĞƌ�ĨƌĂĐƟŽŶƐ�ĨƌŽŵ��ŽŶĚŝƟŽŶĞĚ��ƵůƚƵƌĞ�DĞĚŝĂ 
tŝůůŝ��ŚĞƵŶŐϭ͕ϯ͕ϰ͕��ďďĂƐ�,ĂŬŝŵϭ͕ϰ͕�WĞƚĞƌ��Ğ�,Žīϭ͕ϰ͕��ŵďĞƌ�DŽƌĞǇϭ͕ϰ͕��ŶĞůŝǌǌĞ��ĂƐƚƌŽ-DĂƌƟŶĞǌϭ͕ϰ͕�/ƐĂďĞůůĂ�
^ĂůĚĂŶĂϭ͕Ϯ͕ϰ͕�>ŽƵŝƐĞ��͘�>ĂƵƌĞŶƚϭ͕ϰ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�KďƐƚĞƚƌŝĐƐ͕�'ǇŶĞĐŽůŽŐǇ�Θ�ZĞƉƌŽĚƵĐƟǀĞ�^ĐŝĞŶĐĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕���͕�h^�͘ 
Ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ͕��ĂůŝĨŽƌŶŝĂ�WŽůǇƚĞĐŚŶŝĐ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂŶ�>ƵŝƐ�KďŝƐƉŽ͕�^ĂŶ�>ƵŝƐ�KďŝƐƉŽ͕���͕�h^�͘ 
ϯ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŝŽůŽŐǇ͕ �^ĂŶ��ŝĞŐŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂŶ��ŝĞŐŽ͕���͕�h^�͘ 
ϰ͘�^ĂŶĨŽƌĚ��ŽŶƐŽƌƟƵŵ�ĨŽƌ�ZĞŐĞŶĞƌĂƟǀĞ�DĞĚŝĐŝŶĞ͕�>Ă�:ŽůůĂ͕���͕�h^�͘ 
 
 
�ĂĐŬŐƌŽƵŶĚ͗��ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ�ĂƌĞ�ŚĞƚĞƌŽŐĞŶĞŽƵƐ�ƉŽƉƵůĂƟŽŶƐ�ŽĨ�ŵŽůĞĐƵůĞƐ�ŝŶƚĞŶƐŝǀĞůǇ�ƐƚƵĚŝĞĚ�ĨŽƌ�ƚŚĞŝƌ�
ƉŽƚĞŶƟĂů�ƌŽůĞ�ĂƐ�ĚŝĂŐŶŽƐƟĐ�ďŝŽŵĂƌŬĞƌƐ͘��sƐ�ƉĂƌƟĐŝƉĂƚĞ�ŝŶ�ŝŶƚĞƌĐĞůůƵůĂƌ�ĐŽŵŵƵŶŝĐĂƟŽŶ�ƚŚƌŽƵŐŚ�ƚƌĂŶƐĨĞƌ�ŽĨ�ŵŽůĞĐƵůĂƌ�
ĐĂƌŐŽƐ�ŝŶĐůƵĚŝŶŐ�ŵŝĐƌŽZE�Ɛ�;ŵŝZE�ƐͿ͘��ĞƐƉŝƚĞ�ƚŚĞŝƌ�ƌŽůĞƐ�ŝŶ�ĐĞůů-to-ĐĞůů�ĐŽŵŵƵŶŝĐĂƟŽŶ͕�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ƚŚĞ�ĚŝīĞƌĞŶƚ�
ƉŽƉƵůĂƟŽŶƐ�ŽĨ��sƐ�ĂŶĚ�ƚŚĞŝƌ�ƐĞĐƌĞƟŽŶ�ŵĞĐŚĂŶŝƐŵƐ�ƌĞŵĂŝŶƐ�ĨĂƌ�ĨƌŽŵ�ĐŽŵƉƌĞŚĞŶƐŝǀĞ͘�tŚŝůĞ���ϵ͕���ϲϯ͕�ĂŶĚ���ϴϭ�ĂƌĞ�
ŵĞŵďĞƌƐ�ŽĨ�ƚŚĞ�ƚĞƚƌĂƐƉĂŶŝŶ�ĨĂŵŝůǇ�ĐŽŵŵŽŶůǇ�ƵƐĞĚ�ĂƐ��s�ŵĂƌŬĞƌƐ͕�ŝƚ�ďĞĐĂŵĞ�ĐůĞĂƌ�ƚŚĂƚ�ƚĞƚƌĂƐƉĂŶŝŶƐ�ǁĞƌĞ�ŶŽƚ�ĞƋƵĂůůǇ�
ĞǆƉƌĞƐƐĞĚ�ŝŶ�Ăůů��sƐ͘�,ŽǁĞǀĞƌ͕ �ƌĞůŝĂďůĞ�ŝƐŽůĂƟŽŶ�ŽĨ��sƐ�ƌĞƉƌĞƐĞŶƚƐ�Ă�ĐŽŶƐŝĚĞƌĂďůĞ�ĐŚĂůůĞŶŐĞ͘��ŝŵ͗�dŚĞ�Ăŝŵ�ŽĨ�ƚŚŝƐ�ƐƚƵĚǇ�ŝƐ�
ƚŽ�ƵƐĞ�ĂŶ�ŽƉƟŵŝǌĞĚ�ŝŵŵƵŶŽŵĂŐŶĞƟĐ�ƐĞƉĂƌĂƟŽŶ�;/D^Ϳ�ǁŽƌŬŇŽǁ�ƚŽ�ƐĞůĞĐƟǀĞůǇ�ĞŶƌŝĐŚ��sƐ�ĨƌŽŵ��ŝ&ŝ�ĐĞůůƐ�ĂŶĚ�ƉůĂĐĞŶƚĂů�
ĞǆƉůĂŶƚ�ƐƵƉĞƌŶĂƚĂŶƚ͕�ŝŶ�ŽƌĚĞƌ�ƚŽ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ƚŚĞ�ǀĂƌŝŽƵƐ�ƐƵďƚǇƉĞƐ ŽĨ��sƐ�ƉƌŽĚƵĐĞĚ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�ƚŚŝƐ�ƐƚƵĚǇ�ĂŝŵĞĚ�ƚŽ�
ĐŽŵƉĂƌĞ�ƚŚĞ�ƐƉĞĐŝĮĐŝƚǇ�ĂŶĚ�ĐĂƉƚƵƌĞ͕�ĞĸĐŝĞŶĐǇ�ŽĨ�/D^�ǁŝƚŚ�ĂŶ�ĂůƚĞƌŶĂƟǀĞ�ďŝŽƉŚǇƐŝĐĂů�ƐĞƉĂƌĂƟŽŶ�ŵĞƚŚŽĚ͕��'h�͘�
DĞƚŚŽĚŽůŽŐǇ͗���ϵ͕���ϲϯ͕���ϴϭ͕�ĂŶĚ�ƉůĂĐĞŶƚĂů�ƐƉĞĐŝĮĐ�ŵĂƌŬĞƌ�ƉůĂĐĞŶƚĂů�ĂůŬĂůŝŶĞ�ƉŚŽƐƉŚĂƚĂƐĞ�;W>�WͿ��sƐ�ǁĞƌĞ�ĞŶƌŝĐŚĞĚ�
ƚŚƌŽƵŐŚ�ƉŽƐŝƟǀĞ�ƐĞůĞĐƟŽŶ�ĨƌŽŵ�ƚŚĞ�ĐĞůů�ƐƵƉĞƌŶĂƚĂŶƚ�ŽĨ�ĞĂĐŚ�ĐĞůů�ůŝŶĞ�ƵƐŝŶŐ�ŝŵŵƵŶŽŵĂŐŶĞƟĐ�ƐĞƉĂƌĂƟŽŶ�;DŝůƚĞŶǇŝ��ŝŽƚĞĐͿ͘�
ZE��ǁĂƐ�ĞǆƚƌĂĐƚĞĚ�ŝŶ�ƚƌŝƉůŝĐĂƚĞ�ĨƌŽŵ�ƚŚĞ�/D^�ďŽƵŶĚ�ĂŶĚ�ŇŽǁƚŚƌŽƵŐŚ�ĨƌĂĐƟŽŶƐ͕��'h��ĨƌĂĐƟŽŶƐ͕��'h�н^���ĨƌĂĐƟŽŶs as 
ǁĞůů�ĂƐ�ĨƌŽŵ�ƚŚĞ�ǁŚŽůĞ�ƐƵƉĞƌŶĂƚĂŶƚ�;EŽƌŐĞŶ��ŝŽƚĞŬͿ͘�^ŵĂůů�ZE��ůŝďƌĂƌŝĞƐ�ǁĞƌĞ�ƉƌĞƉĂƌĞĚ�ƵƐŝŶŐ�Ă�ŵŝŶŝĂƚƵƌŝǌĞĚ�E��EĞǆƚ�
^ŵĂůů�ZE��>ŝďƌĂƌǇ�WƌĞƉĂƌĂƟŽŶ�<ŝƚ�;/ůůƵŵŝŶĂͿ͘��ǆƉƌĞƐƐŝŽŶ�ůĞǀĞůƐ�ĂŶĚ�ĚŝƐƚƌŝďƵƟŽŶƐ�ŽĨ�ƚĞƚƌĂƐƉĂŶŝŶƐ�ĂŶĚ�W>�W�ŽŶ��sƐ�ǁĞƌĞ�
ĂŶĂůǇǌĞĚ�ďǇ�ƐŵĂůů ZE��ƐĞƋƵĞŶĐŝŶŐ͘�ZĞƐƵůƚƐ͗�dŚŝƐ�ƐƚƵĚǇ�ƐŚŽǁĞĚ�ƚŚĂƚ�ŝŵŵƵŶŽŵĂŐŶĞƟĐ�ƐĞƉĂƌĂƟŽŶ�ƐĞĞŵĞĚ�ƚŽ�
ƉƌĞĨĞƌĞŶƟĂůůǇ�ŝƐŽůĂƚĞ�ƐƉĞĐŝĮĐ�ƐƵďƚǇƉĞƐ�ŽĨ�ŵŝZE�-ƌŝĐŚ��sƐ�ǁŝƚŚ�ŚŝŐŚ�ĞĸĐŝĞŶĐŝĞƐ͘��'h��ǁĂƐ�ĂďůĞ�ƚŽ�ƐĞƉĂƌĂƚĞ��s�ǁŝƚŚ�
ĚĞĐƌĞĂƐĞĚ�ǇŝĞůĚ�ĂŶĚ�ƐĞĐŽŶĚ-ƐƚĞƉ�ƉƵƌŝĮĐĂƟŽŶ�ďǇ�^���ĚŝĚ�ŶŽƚ�ŝŵƉƌŽǀĞ��s�ƐĞƉĂƌĂƟŽŶ͘�DŽƌĞŽǀĞƌ͕ �ŽƵƌ�ĚĂƚĂ�ĚĞŵŽŶƐƚƌĂƚĞĚ�
ƚŚĂƚ�ƚĞƚƌĂƐƉĂŶŝŶ�ĚŝƐƚƌŝďƵƟŽŶ�ŝƐ�ƵŶŝƋƵĞ�ĨŽƌ�ĚŝīĞƌĞŶƚ�ƐŽƵƌĐĞƐ�ŽĨ��sƐ͘��ŝ&ŝ�ĂŶĚ�ƉůĂĐĞŶƚĂů�ĞǆƉůĂŶƚ�ƐƵƉĞƌŶĂƚĂŶƚ�;W�^Ϳ�ĞǆŚŝďŝƚĞĚ�
ĚŝīĞƌĞŶƚ�ƉĂƩĞƌŶƐ�ŽĨ�ŵŝZE��ĞǆƉƌĞƐƐŝŽŶ�ŝŶ���ϵͬ��ϲϯͬ��ϴϭ�ĚĞƌŝǀĞĚ��sƐ͘��ůů�ƚŚƌĞĞ�ƚĞƚƌĂƐƉĂŶŝŶƐ�ǁĞƌĞ�ĐůƵƐƚĞƌĞĚ�ƚŽŐĞƚŚĞƌ�ŝŶ�
�ŝ&ŝ��sƐ͕�ǁŚŝůĞ���ϲϯ�ĚŝƐƉůĂǇĞĚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŚŝŐŚĞƌ�ĞǆƉƌĞƐƐŝŽŶ�ƚŚĂŶ���ϵ�ĂŶĚ���ϴϭ�ŝŶ�W�^��sƐ͘��ŽŶĐůƵƐŝŽŶƐ͗�dŚĞ�ƵƐĞ�ŽĨ�ƚŚŝƐ�
ŝŵŵƵŶŽŵĂŐŶĞƟĐ�ƐĞƉĂƌĂƟŽŶ�ŵĞƚŚŽĚ�ĂůůŽǁĞĚ�ƵƐ�ƚŽ�ŝĚĞŶƟĨǇ�ŚĞƚĞƌŽŐĞŶĞŽƵƐ�ĚŝƐƚƌŝďƵƟŽŶƐ�ŽĨ�ƚĞƚƌĂƐƉĂŶŝŶƐ�ĞŶƌŝĐŚĞĚ��sƐ�
ĂŶĚ�ŚŝŐŚůŝŐŚƚĞĚ�ƚŚĞ�ƉŽƚĞŶƟĂů�ĨŽƌ�ŝƐŽůĂƟŽŶ�ŽĨ�ĚŝƐƟŶĐƚ��s�ƐƵďƉŽƉƵůĂƟŽŶƐ�ƉƌŽĚƵĐĞĚ�ďǇ�ǀĂƌŝŽƵƐ�ĐĞůů�ƚǇƉĞƐ�ĂŶĚ�ďŝŽŇƵŝĚƐ͘�
KǀĞƌĂůů͕�ƚŚŝƐ�ǁŽƌŬ�ƉƌŽǀŝĚĞƐ�ĞǀŝĚĞŶĐĞ�ĨŽƌ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ��s�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ĂŶĚ�ŽƉĞŶƐ�ƵƉ�ĨŽƌ�ĨƵƌƚŚĞƌ�ĞǀĂůƵĂƟŽŶ�ŽĨ��sƐ�ĂƐ�
ƉƌŽŵŝƐŝŶŐ�ďŝŽŵĂƌŬĞƌ�ĂŶĚ�ƚŚĞƌĂƉĞƵƟĐ�ƚĂƌŐĞƚƐ�ĨŽƌ�ǀĂƌŝŽƵƐ�ĚŝƐĞĂƐĞƐ͘ 

 

 



Poster Abstract # 31 

Abbas ,ĂŬŝŵ 
University of California, San Diego 
 
�ĞǀĞůŽƉŝŶŐ�ĂŶ��ƵƚŽŵĂƚĞĚ�,ŝŐŚ-dŚƌŽƵŐŚƉƵƚ�ZE��/ƐŽůĂƟŽŶ�WŝƉĞůŝŶĞ�ĨŽƌ�
�ǆƚƌĂĐĞůůƵůĂƌ�ZE�Ɛ�ĨƌŽŵ�sĂƌŝŽƵƐ��ŝŽŇƵŝĚƐ�ĨŽƌ�^ŵĂůů-ZE��^ĞƋƵĞŶĐŝŶŐ 
�ďďĂƐ�,ĂŬŝŵϭ͕Ϯ͕�WĞƚĞƌ��Ğ�,Žīϭ͕Ϯ͕��ĂƐƐĂŶĚƌĂ�tĂƵĞƌϭ͕Ϯ͕��ĂƐĂŶƚ��ů'ŚĂǇĂƟϭ͕Ϯ͕�dǇůĞƌ�KƐƚƌĂŶĚĞƌϭ͕Ϯ͕��ŶĞůŝǌǌĞ��ĂƐƚƌŽ-
DĂƌƟŶĞǌϭ͕Ϯ͕�WƌŝǇĂĚĂƌƐŚŝŶŝ�WĂŶƚŚĂŵϭ͕Ϯ͕�>ŽƵŝƐĞ��͘�>ĂƵƌĞŶƚϭ͕Ϯ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�KďƐƚĞƚƌŝĐƐ͕�'ǇŶĞĐŽůŽŐǇ�Θ�ZĞƉƌŽĚƵĐƟǀĞ�^ĐŝĞŶĐĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕���͕�h^� 
Ϯ͘�^ĂŶĨŽƌĚ��ŽŶƐŽƌƟƵŵ�ĨŽƌ�ZĞŐĞŶĞƌĂƟǀĞ�DĞĚŝĐŝŶĞ͕�>Ă�:ŽůůĂ͕���͕�h^� 
 
�ĂĐŬŐƌŽƵŶĚ͗��ǆƚƌĂĐĞůůƵůĂƌ�ZE�Ɛ�;ĞǆZE�ƐͿ�ƉůĂǇ�ŝŵƉŽƌƚĂŶƚ�ƌŽůĞƐ�ŝŶ�ĐĞůů-ĐĞůů�ĐŽŵŵƵŶŝĐĂƟŽŶ�ĂŶĚ ĂƌĞ�ďĞĐŽŵŝŶŐ�ĐŽŵŵŽŶ�
ƚĂƌŐĞƚƐ�ĨŽƌ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĚŝƐĞĂƐĞ�ďŝŽŵĂƌŬĞƌƐ͘��ůŝŶŝĐĂů�ĂƉƉůŝĐĂƟŽŶƐ�ŽĨ�ĞǆZE��ĚŝƐĞĂƐĞ�ďŝŽŵĂƌŬĞƌƐ�ŵĂǇ�ĂƉƉůǇ�ƋƵĂŶƟƚĂƟǀĞ�
W�Z�Žƌ�ƐĞƋƵĞŶĐŝŶŐ�ƚŽ�ǀĞƌŝĨǇ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ƚŚĞƐĞ�ďŝŽŵĂƌŬĞƌƐ͘�,ŽǁĞǀĞƌ͕ �ƌĞƉƌŽĚƵĐŝďŝůŝƚǇ�ĂŶĚ�ĞĸĐŝĞŶĐǇ�ŽĨ�ƵƉƐƚƌĞĂŵ 
ŶƵĐůĞŝĐ�ĂĐŝĚ�ŝƐŽůĂƟŽŶ�ƌĞŵĂŝŶƐ�Ă�ĐŽŶĐĞƌŶ�ŝŶ�ƵƟůŝǌŝŶŐ�ƚŚĞƐĞ�ĚŝĂŐŶŽƐƟĐ�ĂƐƐĂǇƐ͘�dŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƌŽďŽƟĐ�ƉůĂƞŽƌŵƐ�ŽīĞƌƐ�
ĂƵƚŽŵĂƚĞĚ�ĂŶĚ�ĞĸĐŝĞŶƚ�ŚŝŐŚ-ƚŚƌŽƵŐŚƉƵƚ�ZE��ŝƐŽůĂƟŽŶƐ�ǁŚŝĐŚ�ĂŝĚ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĞǆZE��ĚŝĂŐŶŽƐƟĐ�ĂƐƐĂǇƐ͘�tŚŝůĞ�
ŵĂŶƵĂů�ZE��ĞǆƚƌĂĐƟŽŶƐ�ĂůůŽǁ�ĨŽƌ�ĞĂƐŝĞƌ�ƐĐĂůŝŶŐ�ŽĨ�ƌĞĂĐƟŽŶ�ǀŽůƵŵĞƐ͕�ĂƵƚŽŵĂƚĞĚ�ĞǆƚƌĂĐƟŽŶƐ�ĂƌĞ�ƌĞƐƚƌŝĐƚĞĚ�ďǇ�ŝŶƐƚƌƵŵĞŶƚ�
ƉŚǇƐŝĐĂů�ůŝŵŝƚĂƟŽŶƐ͘�dŚĞƐĞ�ůŝŵŝƚĂƟŽŶƐ�ƉƌĞƐĞŶƚ�ĐŚĂůůĞŶŐĞƐ�ƚŽ�ĞĸĐŝĞŶƚůǇ�ŽďƚĂŝŶ�ǀŝĂďůĞ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ�ĞǆZE�Ɛ͘�tŚŝůĞ�
ƚĞĐŚŶŝƋƵĞƐ�ĨŽƌ�ŵĂŶŝƉƵůĂƟŶŐ�ZE��ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ƐƵĐŚ�ĂƐ�ZE��ĚĞƐŝĐĐĂƟŽŶ�ĂŶĚ�ZE��ďĞĂĚ�ĐůĞĂŶ-ƵƉƐ�ĂƌĞ�ĐŽŵŵŽŶ͕�ƚŚĞ�
ĞīĞĐƚ�ŽŶ�ƚŚĞ�ƌĞƐƵůƟŶŐ�ƐŵĂůů�ZE�Ɛ�ŝƐ�ŶŽƚ�ǁĞůů�ĚŽĐƵŵĞŶƚĞĚ͘ 

�ŝŵ͗�tĞ�Ăŝŵ�ƚŽ�ƵƐĞ�ŵŝZE��ĞǆƉƌĞƐƐŝŽŶ�ƉƌŽĮůĞƐ�ƚŽ�ĂƐƐĞƐƐ�ĚŝīĞƌĞŶĐĞƐ�ďĞƚǁĞĞŶ�ŝƐŽůĂƟŽŶ�ŵĞƚŚŽĚƐ͕�ƐĂŵƉůĞ�ŝŶƉƵƚ�ǀŽůƵŵĞƐ͕�
ĂŶĚ�ZE��ĐŽŶĐĞŶƚƌĂƟŽŶ�ƚĞĐŚŶŝƋƵĞƐ�ƚŽ�ĚĞǀĞůŽƉ�ĂŶ�ĂƵƚŽŵĂƚĞĚ�ŚŝŐŚ-ƚŚƌŽƵŐŚƉƵƚ�ZE��ŝƐŽůĂƟŽŶ�ƉŝƉĞůŝŶĞ�ĨŽƌ�ƐŵĂůů�ZE��
ůŝďƌĂƌǇ�ƐĞƋƵĞŶĐŝŶŐ͘ 

DĞƚŚŽĚŽůŽŐǇ͗�WůĂƐŵĂ͕�ƐĞƌƵŵ͕�ĂŶĚ�ƵƌŝŶĞ�ǁĞƌĞ�ĐŽůůĞĐƚĞĚ�ĨƌŽŵ�ƉƌĞŐŶĂŶƚ�ĂŶĚ�ŶŽŶ-ƉƌĞŐŶĂŶƚ�ƉĂƟĞŶƚƐ�ĂŶĚ�ƉŽŽůĞĚ�ĨŽƌ�ZE��
ŝƐŽůĂƟŽŶ͘�^ĂŵƉůĞƐ ǁĞƌĞ�ƉƌŽĐĞƐƐĞĚ�ŝŶ�ƚƌŝƉůŝĐĂƚĞ�ƵƐŝŶŐ�ƚŚĞ�ĂƵƚŽŵĂƚĞĚ�ŵĂŐŶĞƟĐ�ďĞĂĚ-ďĂƐĞĚ�DĂŐD�y�Ŭŝƚ�ŽŶ�ƚŚĞ�<ŝŶŐĮƐŚĞƌ�
&ůĞǆ�ƉůĂƞŽƌŵ�;ƉůĂƐŵĂ͕�ƐĞƌƵŵ͕�ƵƌŝŶĞͿ͕�ƚŚĞ�ŵĂŶƵĂů�ĐŽůƵŵŶ-ďĂƐĞĚ�EŽƌŐĞŶ�Ŭŝƚ�;ƉůĂƐŵĂ͕�ƐĞƌƵŵͿ�ĂŶĚ�ƚŚĞ�ŵĂŶƵĂů�
ƉŚĞŶŽůͬĐŚůŽƌŽĨŽƌŵ-ďĂƐĞĚ�ŵŝZ�hZz�Ŭŝƚ�;ƵƌŝŶĞͿ͘�^ĞƌƵŵͬƉůĂƐŵĂ�ŝŶƉƵƚ�ǀŽůƵŵĞƐ�ŽĨ�ϭϬϬ͕�ϭϲϲ͕�ĂŶĚ�ϮϬϬ�Ƶ>�ǁĞƌĞ�ƚĞƐƚĞĚ�ǁŝƚŚ�
ƚŚĞ�DĂŐD�y�Ŭŝƚ�ĂŶĚ�ϱϬϬ�Ƶ>�ǁŝƚŚ�ƚŚĞ�EŽƌŐĞŶ�Ŭŝƚ͘�hƌŝŶĞ�ŝŶƉƵƚ�ǀŽůƵŵĞƐ�ŝŶĐůƵĚĞ�ϮϱϬ�Ƶ>�ĂŶĚ�ϯ͘ϱ�ŵ>�ĨŽƌ�ƚŚĞ�DĂŐD�y�ĂŶĚ�
ŵŝZ�hZz�ŬŝƚƐ�ƌĞƐƉĞĐƟǀĞůǇ͘��ƵƉůŝĐĂƚĞ�ůǇƐĂƚĞƐ�ĨŽƌ�Ă�ƐŝŶŐůĞ�ĞůƵƟŽŶ�ǁĞƌĞ�ƚĞƐƚĞĚ�ƚŽ�ŝŶĐƌĞĂƐĞ�ƚŚĞ�ǇŝĞůĚ�ŽĨ�ƚŚĞ�ĂƵƚŽŵĂƚĞĚ�
ĞǆƚƌĂĐƟŽŶƐ͘��DĂŐD�y�ĞǆƚƌĂĐƚĞĚ�ZE��ǁĂƐ�ƵƐĞĚ�ƚŽ�ĐŽŵƉĂƌĞ�ĚĞƐŝĐĐĂƟŽŶ�ĂŶĚ�ďĞĂĚ�ĐůĞĂŶ-ƵƉ�ĂƐ�ŵĞƚŚŽĚƐ�ĨŽƌ�ŝŶĐƌĞĂƐŝŶŐ�
ĐŽŶĐĞŶƚƌĂƟŽŶ͘�^ŵĂůů�ZE��ůŝďƌĂƌŝĞƐ�;ƚŽƚĂů�ŶсϯϳϮͿ�ǁĞƌĞ�ƉƌĞƉĂƌĞĚ�ƵƐŝŶŐ�ĂŶ�ĂƵƚŽŵĂƚĞĚ�ĂŶĚ�ŵŝŶŝĂƚƵƌŝǌĞĚ�ǀĞƌƐŝŽŶ�ŽĨ�ƚŚe 
E��EĞǆƚ�^ŵĂůů�ZE��>ŝďƌĂƌǇ�WƌĞƉĂƌĂƟŽŶ�<ŝƚ͘ 

ZĞƐƵůƚƐ͗�dŚĞ�ŵĂŶƵĂů�ŬŝƚƐ�ŚĂĚ�ŐƌĞĂƚĞƌ�ZE��ǇŝĞůĚ�ƚŚĂŶ�ƚŚĞ�DĂŐD�y�Ŭŝƚ͕�ŚŽǁĞǀĞƌ͕ �ƵƉŽŶ�ĚĞƐŝĐĐĂƟŽŶ�ĂŶĚ�ƌĞƐƵƐƉĞŶƐŝŽŶ͕�ƚŚĞ�
DĂŐD�y�ƐĂŵƉůĞƐ�ƌĞĂĐŚĞĚ�ƐŝŵŝůĂƌ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ĂĐƌŽƐƐ�Ăůů�ďŝŽŇƵŝĚƐ͘�dŚĞ�ďĞĂĚ�ĐůĞĂŶƵƉ�ƌĞƐƵůƚĞĚ�ŝŶ�Ă�ůŽƐƐ�ŽĨ�ƐŵĂůůĞƌ�
ƐƉĞĐŝĞƐ�ŽĨ�ZE��ĂŶĚ�ŶŽ�ŝŶĐƌĞĂƐĞ�ŝŶ�ĐŽŶĐĞŶƚƌĂƟŽŶ͘�dŚĞ�DĂŐD�y�Ŭŝƚ�ǇŝĞůĚĞĚ�ŚŝŐŚĞƌ�ƉĞƌĐĞŶƚĂŐĞƐ�ŽĨ�ŵŝZE��ƚŚĂŶ�ƚŚĞ�EŽƌŐĞŶ�
Ŭŝƚ�;ƐĞƌƵŵͬƉůĂƐŵĂͿ�ďƵƚ�ůŽǁĞƌ�ƚŚĂŶ�ƚŚĞ�ŵŝZ�hZz�Ŭŝƚ�;ƵƌŝŶĞͿ͘�WƌĞŐŶĂŶĐǇ�ƐƚĂƚƵƐ�ǁĂƐ�ƚŚĞ�ŵĂŝŶ�ĚƌŝǀĞƌ�ŽĨ�ǀĂƌŝĂƟŽŶ͕�ĨŽůůŽǁĞĚ�
ďǇ�ĞǆƚƌĂĐƟŽŶ�Ŭŝƚ͕�ĂŶĚ�ƐĞǆ͘��ǆĂŵŝŶĂƟŽŶ�ŽĨ��ϭϵD��ƉůĂĐĞŶƚĂů�ŵŝZE�Ɛ�ƐŚŽǁĞĚ�ĐŽŵƉĂƌĂďůĞ�ĞǆƉƌĞƐƐŝŽŶ�ďĞƚǁĞĞŶ�ƚŚĞ�ƚǁŽ�
ĞǆƚƌĂĐƟŽŶ�ŵĞƚŚŽĚƐ�ŝŶ�ƐĞƌƵŵͬƉůĂƐŵĂ͘ 

�ŽŶĐůƵƐŝŽŶƐ͗��ŝīĞƌĞŶƚ�ŵŝZE��ƉŽƉƵůĂƟŽŶƐ�ĂƌĞ�ĞŶƌŝĐŚĞĚ�ďĞƚǁĞĞŶ�ŵĂŶƵĂů�ĂŶĚ�ĂƵƚŽŵĂƚĞĚ�ŬŝƚƐ͕�ŚŽǁĞǀĞƌ͕ �ďŽƚŚ�ŵĞƚŚŽĚƐ�
ƐƵĐĐĞƐƐĨƵůůǇ�ĚŝƐƟŶŐƵŝƐŚ�ĨĞŵĂůĞ�ƉƌĞŐŶĂŶƚ͕�ŶŽn-ƉƌĞŐŶĂŶƚ͕�ĂŶĚ�ŵĂůĞ�ƐĞƌƵŵͬƉůĂƐŵĂ�ƐĂŵƉůĞƐ͘��ĞƐŝĐĐĂƟŽŶ�ŽĨ�ZE��ƉƌŽĚƵĐĞƐ�
ďĞƩĞƌ�ůŝďƌĂƌŝĞƐ�ďƵƚ�ĚŽĞƐ�ŶŽƚ�ŝŶĐƌĞĂƐĞ�ƚŚĞ�ŽǀĞƌůĂƉ�ŽĨ�ŵŝZE�Ɛ�ĞǆƉƌĞƐƐĞĚ�ďĞƚǁĞĞŶ�ĞǆƚƌĂĐƟŽŶ�ŵĞƚŚŽĚƐ͘��ĞĂĚ�ĐůĞĂŶƵƉ�
ƚƌĞĂƚĞĚ�ZE��ƐŚŽǁĞĚ�ƚŚĞ�ƉŽŽƌĞƐƚ�ƉĞƌĨŽƌŵĂŶĐĞ�ĂŶĚ�ŵĂǇ�ŶŽƚ�ďĞ�ƐƵŝƚĂďůĞ�ĨŽƌ�ƐŵĂůů�ZE�-ƐĞƋ͘�tĞ�ŚĂǀĞ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĂƚ�
ĂŶ�ĂƵƚŽŵĂƚĞĚ�ŚŝŐŚ-ƚŚƌŽƵŐŚƉƵƚ�ZE��ĞǆƚƌĂĐƟŽŶ�ƉŝƉĞůŝŶĞ�ŝƐ�ǀŝĂďůĞ�ĨŽƌ�ƵƐĞ�ŝŶ�ƐŵĂůů�ZE�-ƐĞƋ�ĂŶĚ�ƐƵŝƚĞĚ�ĨŽƌ�ůĂƌŐĞ�ƐĐĂůĞ�
ŵŝZE��ƉƌŽĮůŝŶŐ�ƐƚƵĚŝĞƐ͘�^ĞƋƵĞŶĐŝŶŐ�ĚĂƚĂ�ĨƌŽŵ�ƐĂŵƉůĞƐ�ƚŚĂƚ�ǁĞƌĞ�ĞǆƚƌĂĐƚĞĚ�ƵƐŝŶŐ�ĚƵƉůŝĐĂƚĞ�ůǇƐĂƚĞƐ�ǁŝůů ďĞ�ŝŶĐůƵĚĞĚ�ŝŶ�ƚŚĞ�
ĮŶĂů�ĚĂƚĂƐĞƚ͘ 
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Ŭ-d^W��ůŐŽƌŝƚŚŵ�^ĞůĞĐƚĞĚ�^ĞƌƵŵ�ŵŝZE��WƌĞĚŝĐƚŽƌƐ�ŽĨ�'ĞƐƚĂƟŽŶĂů��ŐĞ�ŝŶ�
WƌĞŐŶĂŶĐǇ 
^ƌŝŵĞĞŶĂŬƐŚŝ�^ƌŝŶŝǀĂƐĂŶϭ͕Ϯ͕�WƌŝǇĂĚĂƌƐŚŝŶŝ�WĂŶƚŚĂŵϭ͕Ϯ͕�WĞƚĞƌ��Ğ�,Žīϭ͕Ϯ͕��ŚĂŶŽŶĚ�EĂƐĂŵƌĂŶ͕��ďďĂƐ�,ĂŬŝŵϭ͕Ϯ͕��ŶĞůŝǌǌĞ�
�ĂƐƚƌŽϭ͕Ϯ͕�'ĂďƌŝĞůĂ��ŽƌƚĞƐ͕��ƌƵŶĚŚĂƟ��ĂůĂŵďƵƌ͕ �<ĂũĂů�sĞƌŵĂϭ͕��ĚĂŶŶĂ��ŶǇŝŬĂŵϭ͕��ŶƚŽŝŶĞƩĞ�D�DĂƐŽŶϭ͕�sǇ�dƌĂŶϭ͕�
DŽƌŐĂŶ�DĞĂĚƐϭ͕�DĂƌŝŬŽ�,Žƌŝŝϭ͕Ϯ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�KďƐƚĞƚƌŝĐƐ͕�'ǇŶĞĐŽůŽŐǇ�Θ�ZĞƉƌŽĚƵĐƟǀĞ�^ĐŝĞŶĐĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕���͕�h^� 
Ϯ͘�^ĂŶĨŽƌĚ��ŽŶƐŽƌƟƵŵ�ĨŽƌ�ZĞŐĞŶĞƌĂƟǀĞ�DĞĚŝĐŝŶĞ͕�>Ă�:ŽůůĂ͕���͕�h^� 
ϯ͘��ĞŶƚĞƌ�ĨŽƌ��ŽŵƉƵƚĂƟŽŶĂů��ŝŽůŽŐǇ�Θ��ŝŽŝŶĨŽƌŵĂƟĐƐ 
ϰ͘��ĞŶƚĞƌ�ĨŽƌ��ǆĐĞůůĞŶĐĞ�ŝŶ�dƌĂŶƐůĂƟŽŶĂů�/ŵŵƵŶŽŐĞŶŽŵŝĐƐ 
 
 
/ŶƚƌŽĚƵĐƟŽŶ͗��ĞƚĞƌŵŝŶĂƟŽŶ�ŽĨ�ŐĞƐƚĂƟŽŶĂů�ĂŐĞ�;'�Ϳ�ƵƐŝŶŐ�ŵŝŶŝŵĂůůǇ�ŝŶǀĂƐŝǀĞ�ŵĞƚŚŽĚƐ�ŝƐ�ĞƐƐĞŶƟĂů�ĨŽƌ�ƚŚĞ�ŵĂŶĂŐĞŵĞŶƚ�ŽĨ�
ƉƌĞŐŶĂŶĐǇ�ĂŶĚ�ŝƚƐ�ĐŽŵƉůŝĐĂƟŽŶƐ͘�DŝĐƌŽZE�Ɛ�;ŵŝZE�ƐͿ�ŚĂǀĞ�ƚŚĞ�ƉŽƚĞŶƟĂů�ƚŽ�ďĞ�ƵƐĞĚ�ĂƐ�ďŝŽŵĂƌŬĞƌƐ�ĨŽƌ�ƉƌĞĚŝĐƟŽŶ�ŽĨ�'�͘�
/Ŷ�ƚŚŝƐ�ůŽŶŐŝƚƵĚŝŶĂů�ƐƚƵĚǇ͕ �ǁĞ�ĂŝŵĞĚ�ƚŽ�ŝĚĞŶƟĨǇ�ƌŽďƵƐƚ�ŵŝZE��ƉƌĞĚŝĐƚŽƌƐ�ŽĨ�'��ŝŶ�ŵĂƚĞƌŶĂů�ďŝŽŇƵŝĚƐ�ĨƌŽŵ�ŚĞĂůƚŚǇ�
ŝŶĚŝǀŝĚƵĂůƐ͘ 

DĞƚŚŽĚƐ͗�^ĞƌƵŵ�ǁĂƐ�ĐŽůůĞĐƚĞĚ�ĨƌŽŵ�ϲ�ŚĞĂůƚŚǇ�ƉƌĞŐŶĂŶƚ�ƐƵďũĞĐƚƐ�ůŽŶŐŝƚƵĚŝŶĂůůǇ�ƚŚƌŽƵŐŚŽƵƚ�ƉƌĞŐŶĂŶĐǇ�;ŶсϰϬͿ͘�^ŵĂůů�ZE��
ǁĂƐ�ĞǆƚƌĂĐƚĞĚ�ƵƐŝŶŐ�ƚŚĞ�EŽƌŐĞŶ�WůĂƐŵĂͬ^ĞƌƵŵ��ŝƌĐƵůĂƟŶŐ�ĂŶĚ��ǆŽƐŽŵĂů�ZE��WƵƌŝĮĐĂƟŽŶ�<ŝƚƐ�;^ůƵƌƌǇ�&ŽƌŵĂƚͿ͘�^ŵĂůů�ZE��
ůŝďƌĂƌŝĞƐ�ǁĞƌĞ�ƉƌĞƉĂƌĞĚ�ƵƐŝŶŐ�ƚŚĞ�E��EĞǆƚ�^ŵĂůů�ZE��>ŝďƌĂƌǇ�WƌĞƉ�<ŝƚ͕�ƐĞƋƵĞŶĐĞĚ�ŽŶ�ƚŚĞ�/ůůƵŵŝŶĂ�,ŝ^ĞƋ�ϰϬϬϬ͕�ĂŶĚ�
ƉƌŽĐĞƐƐĞĚ�ƵƐŝŶŐ�ƚŚĞ�'ĞŶďŽƌĞĞ�ĞǆĐĞZƉƚ�ƐŵĂůů�ZE��ƉŝƉĞůŝŶĞ͘�dŚĞ�ƐĂŵƉůĞƐ�ǁĞƌĞ�ƐƉůŝƚ�ŝŶƚŽ�ƉĂŝƌƐ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�ĐůŝŶŝĐĂů�
ƚƌŝŵĞƐƚĞƌ�ŝŶƚŽ�&ŝƌƐƚ�ĂŶĚ�^ĞĐŽŶĚ͕�&ŝƌƐƚ�ĂŶĚ�dŚŝƌĚ�ĂŶĚ�^ĞĐŽŶĚ�ĂŶĚ�dŚŝƌĚ�ƚƌŝŵĞƐƚĞƌƐ͘�ZĂǁ�ŵŝZE��ĐŽƵŶƚƐ�ǁĞƌĞ�ĮůƚĞƌĞĚ�ĂŶĚ�
ƐƵďũĞĐƚ�ƚŽ�ƚŚĞ�Ŭ-d^W�ĂůŐŽƌŝƚŚŵ�ƵƐŝŶŐ�ƚŚĞ�ƐǁŝƚĐŚ�Žǆ�ƉĂĐŬĂŐĞ�ƚŽ�ŝĚĞŶƟĨǇ�dŽƉ�^ĐŽƌŝŶŐ�ŵŝZE��WĂŝƌƐ��;d^WͿ�ǁŝƚŚŝŶ�ĞĂĐŚ�ƉĂŝƌ�ŽĨ�
ƚƌŝŵĞƐƚĞƌƐ͘�dŚĞƐĞ�d^WƐ�ǁĞƌĞ�ǀĂůŝĚĂƚĞĚ�ŽŶ�ĂŶ�ŝŶĚĞƉĞŶĚĞŶƚ�ĐŽŚŽƌƚ�;�ŝƵƌŶĂůͿ�ŽĨ�ϭϯϮ�ƐĂŵƉůĞƐ͘� 

ZĞƐƵůƚƐ͗�dŚĞ�Ŭ-d^W�ĂůŐŽƌŝƚŚŵ�ŝĚĞŶƟĮĞĚ�ϵ�ŵŝZE��ƉĂŝƌƐ�ĚŝīĞƌĞŶƟĂƟŶŐ�ĮƌƐƚ�ĂŶĚ�ƐĞĐŽŶĚ�ƚƌŝŵĞƐƚĞƌƐ͕�ϴ�ƉĂŝƌƐ ĨŽƌ�ĮƌƐƚ�ĂŶĚ�ƚŚŝƌĚ�
ƚƌŝŵĞƐƚĞƌƐ�ĂŶĚ�ϲ�ƉĂŝƌƐ�ĨŽƌ�ƐĞĐŽŶĚ�ĂŶĚ�ƚŚŝƌĚ�ƚƌŝŵĞƐƚĞƌƐ�ĨƌŽŵ�ƚŚĞ�ƚƌĂŝŶŝŶŐ�ĚĂƚĂ�ƐĞƚ͘�dŚĞƐĞ�ƉƌĞĚŝĐƚĞĚ�ƚŚĞ�ƚƌŝŵĞƐƚĞƌƐ�ŝŶ�ƚŚĞ�
�ŝƵƌŶĂů�ĐŽŚŽƌƚ�ǁŝƚŚ�ϱϳ͘ϲй͕�ϴϰ͘Ϯй�ĂŶĚ�ϳϯ͘ϱй�ƌĞƐƉĞĐƟǀĞůǇ͘ 

�ŽŶĐůƵƐŝŽŶ͗�dŚĞ�Ŭ-d^W�ĂůŐŽƌŝƚŚŵ�ŝĚĞŶƟĮĞĚ�ƐĞǀĞƌĂů�ƉĂŝƌƐ�ŽĨ�ŵŝZE�Ɛ�ŝŶ�ƐĞƌƵŵ�ƚŚĂƚ�ĂƌĞ�ƉƌĞĚŝĐƟǀĞ�ŽĨ�ƚŚĞ�ƚƌŝŵĞƐƚĞƌ�ĂŶĚ�ŚĂǀĞ�
ďĞĞŶ�ĨƵƌƚŚĞƌ�ǀĂůŝĚĂƚĞĚ�ŝŶ�ŝŶ�ĂŶ�ŝŶĚĞƉĞŶĚĞŶƚ�ĐŽŚŽƌƚ͘�dŚĞƐĞ�ŵŝZE��ƉĂŝƌƐ�ǁŝůů�ďĞ�ĨƵƌƚŚĞƌ�ĞǀĂůƵĂƚĞĚ�ĨŽƌ�ƚŚĞŝƌ�ĂďŝůŝƚǇ�ƚŽ�
ƉƌĞĚŝĐƚ�ƚŚĞ�ŐĞƐƚĂƟŽŶĂů�ĂŐĞ�Ăƚ�Ă�ŵŽƌĞ�ŐƌĂŶƵůĂƌ�ůĞǀĞů�ĚƵƌŝŶŐ�ƉƌĞŐŶĂŶĐǇ�ƵƐŝŶŐ�ŽƚŚĞƌ�ŵĂĐŚŝŶĞ�ůĞĂƌŶŝŶŐ�ŵŽĚĞůƐ͘ 

 

 



Poster Abstract # 33 

^ŚŝǀĂŬƵŵĂƌ ZĞĚĚǇ 
�ĞŶƚƌĞ�ĨŽƌ�DŽůĞĐƵůĂƌ�EĞƵƌŽƐĐŝĞŶĐĞƐ͕�DĂŶŝƉĂů��ĐĂĚĞŵǇ�ŽĨ�,ŝŐŚĞƌ��ĚƵĐĂƟŽŶ 
 
^ŵĂůů�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ�ůŽĂĚĞĚ�ďĞǀĂĐŝǌƵŵĂď�ƌĞĚƵĐĞƐ�ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�ŽĨ�
ŝŶƚƌĂǀŝƚƌĞĂů�ŝŶũĞĐƟŽŶ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ĚŝĂďĞƟĐ�ƌĞƟŶŽƉĂƚŚǇ 
Η^ŚŝǀĂŬƵŵĂƌ�ZĞĚĚǇ�<ϭ͕��ďŚŝũŶĂ��ĂůůĂů�Zϭ͕�^ŚĂŝůĂũĂ�^Ϯ͕�ZĂŐŚƵ��ŚĂŶĚƌĂƐŚĞŬĂƌ�,ϯ͕��ŝŶĞƐŚ�hƉĂĚŚǇĂϭΗ 
ϭ͘��ĞŶƚƌĞ�ĨŽƌ�DŽůĞĐƵůĂƌ�EĞƵƌŽƐĐŝĞŶĐĞƐ͕�<D�͕�D�,�͕�DĂŶŝƉĂů- ϱϳϲϭϬϰ͕�<ĂƌŶĂƚĂŬĂ͕�/ŶĚŝĂ͘ 
Ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�KƉŚƚŚĂůŵŽůŽŐǇ�<D�͕�D�,�͕�DĂŶŝƉĂů- ϱϳϲϭϬϰ͕�<ĂƌŶĂƚĂŬĂ͕�/ŶĚŝĂ͘ 
ϯ͘�DĂŶŝƉĂů��ŽůůĞŐĞ�ŽĨ�WŚĂƌŵĂĐĞƵƟĐĂů�^ĐŝĞŶĐĞ͕�D�,�͕�DĂŶŝƉĂů- ϱϳϲϭϬϰ͕�<ĂƌŶĂƚĂŬĂ͕�/ŶĚŝĂ͘ 
 
�ĂĐŬŐƌŽƵŶĚ͗��ŝĂďĞƟĐ�ZĞƟŶŽƉĂƚŚǇ�;�ZͿ�ŝƐ�ŽŶĞ�ŽĨ�ƚŚĞ�ŵŽƐƚ�ĐŽŵŵŽŶ�ŵŝĐƌŽǀĂƐĐƵůĂƌ�ĐŽŵƉůŝĐĂƟŽŶƐ�ŽĨ�ďŽƚŚ�ƚǇƉĞƐ�ŽĨ�
ĚŝĂďĞƚĞƐ͘�/ƚ�ƌĞŵĂŝŶƐ�Ă�ůĞĂĚŝŶŐ�ĐĂƵƐĞ�ŽĨ�ƐĞǀĞƌĞ�ǀŝƐŝŽŶ�ůŽƐƐ�ĂŶĚ�ďůŝŶĚŶĞƐƐ�ŝŶ�ǁŽƌŬŝŶŐ-ĂŐĞ�ƉĞŽƉůĞ͘��Z�ůĞĂĚƐ�ƚŽ�ǀŝƐŝŽŶ�ůŽƐƐ�
ƚŚƌŽƵŐŚ�ĂďŶŽƌŵĂů�ŶĞǁ�ďůŽŽĚ�ǀĞƐƐĞů�ĨŽƌŵĂƟŽŶ�ƚŚƌŽƵŐŚ�ŶĞŽǀĂƐĐƵůĂƌŝǌĂƟŽŶ�ŝŶ�ƚŚĞ�ƌĞƟŶĂ͕�ĞǆƵĚĂƚĞ�ĨŽƌŵĂƟŽŶ�ĂŶĚ�
ĂƐƐŽĐŝĂƚĞĚ�ŝŶŇĂŵŵĂƟŽŶ͕�ŽǆŝĚĂƟǀĞ ƐƚƌĞƐƐ͕�ĂŶĚ�ĞŶŚĂŶĐĞĚ�ƌĞƟŶĂů�ĐĞůů�ĚĞĂƚŚ͘��ŶƟ�- s�'&�ƚŚĞƌĂƉǇ�ƚŚƌŽƵŐŚ�ŝŶƚƌĂǀŝƚƌĞĂů�
ŝŶũĞĐƟŽŶƐ�ŝƐ�ĂŶ�ĞƐƚĂďůŝƐŚĞĚ�ƚƌĞĂƚŵĞŶƚ�ĨŽƌ�ƌĞĚƵĐŝŶŐ�s�'&�ůĞǀĞůƐ�ŝŶ�ƚŚĞ�ƌĞƟŶĂ�ƚŽ�ƉƌĞǀĞŶƚ�ŶĞŽǀĂƐĐƵůĂƌŝǌĂƟŽŶ�ĂŶĚ�ŚĂƌĚ�
ĞǆƵĚĂƚĞƐ�ŝŶ�ĚŝĂďĞƟĐ�ŵĂĐƵůĂƌ�ĞĚĞŵĂ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ǀŝƐŝŽŶ�ůŽƐƐ�ŝŶ��Z�΀ϵ�- ϭϰ΁͘��ůƚŚŽƵŐŚ�ĐůŝŶŝĐĂůůǇ�ĂŶƟ-s�'&�ƚŚĞƌĂƉǇ�ŚĂƐ�
ƐĞǀĞƌĂů�ĂĚǀĂŶƚĂŐĞƐ͕�ŝƚ�ŝƐ�ŝŶŝƟĂůůǇ�ƌĞƋƵŝƌĞĚ�ŵŽŶƚŚůǇ�ĨŽƌ�ĐŽŶƚƌŽůůŝŶŐ�s�'&�ůĞǀĞůƐ͘�ZĞƉĞĂƚĞĚ�ŝŶƚƌĂǀŝƚƌĞĂů�ŝŶũĞĐƟŽŶƐ�ƉŽƚĞŶƟĂůůy 
ĐĂƵƐĞ�ĚĞǀĂƐƚĂƟŶŐ�ŽĐƵůĂƌ�ĐŽŵƉůŝĐĂƟŽŶƐ͕�ŝŶĐůƵĚŝŶŐ�ƚƌĂƵŵĂ͕�ŝŶƚƌĂŽĐƵůĂƌ�ŚĂĞŵŽƌƌŚĂŐĞ͕�ƌĞƟŶĂů�ĚĞƚĂĐŚŵĞŶƚ͕�ĂŶĚ�
ĞŶĚŽƉŚƚŚĂůŵŝƟƐ͘�^ĞǀĞƌĂů�ŶŽǀĞů�ĚƌƵŐ�ĚĞůŝǀĞƌǇ�ƐƚƌĂƚĞŐŝĞƐ�ĂƌĞ�ĐƵƌƌĞŶƚůǇ�ĂĚŽƉƚĞĚ�ƚŽ�ƌĞĚƵĐĞ�ƚŚĞ�ďƵƌĚĞŶ�ŽĨ�ŵŽŶƚŚůǇ�
ŝŶƚƌĂǀŝƚƌĞĂů�ŝŶũĞĐƟŽŶƐ͘��ǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ĂƌĞ�ĐŽŶƐŝĚĞƌĞĚ�ŶĞǆƚ-ŐĞŶĞƌĂƟŽŶ�ĚƌƵŐ�ĚĞůŝǀĞƌǇ�ƉůĂƞŽƌŵƐ͘ DĞƐĞŶĐŚǇŵĂů�ƐƚĞŵ�
cell-ĚĞƌŝǀĞĚ�ƐŵĂůů�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;D^��- Ɛ�sƐͿ�ǁŝƚŚ�Ă�ƐŝǌĞ�ďĞůŽǁ�ϮϬϬ�Ŷŵ�ƉŽƐƐĞƐƐ�ƚƌĞŵĞŶĚŽƵƐ�ƉŽƚĞŶƟĂů�ƚŽ�ĐĂƌƌǇ�
ĚƌƵŐƐ�ĨŽƌ�ƚƌĞĂƟŶŐ�ŵĂŶǇ�ĚŝƐĞĂƐĞƐ͘�dŚŝƐ�ĂďŝůŝƚǇ�ŝƐ�ĚƵĞ�ƚŽ�ƚŚĞŝƌ�ďŝŽĐŽŵƉĂƟďŝůŝƚǇ͕ �ŝŶŚĞƌĞŶƚ�ŝŵŵƵŶŽŵŽĚƵůĂƚŽƌǇ�ĨƵŶĐƟŽŶƐ͕�ĂŶĚ�
ůŽǁ�ŝŵŵƵŶŽ-ƐƟŵƵůĂƚŽƌǇ�ƐƵƌĨĂĐĞ�ŵĂƌŬĞƌƐ͘�WƌĞǀŝŽƵƐ�ƐƚƵĚŝĞƐ�ŚĂǀĞ�ƐŚŽǁŶ�ƚŚĂƚ�ŝŶƚƌĂǀŝƚƌĞĂůůǇ�ŝŶũĞĐƚĞĚ�D^�-�sƐ�ƌĞĂĐŚĞĚ�
ĚŝīĞƌĞŶƚ�ƌĞƟŶĂů�ůĂǇĞƌƐ͕�ĂŶĚ�ƚŚĞŝƌ�ƉƌĞƐĞŶĐĞ�ǁĂƐ�ĚĞƚĞĐƚĞĚ�ĨŽƌ�ƐĞǀĞƌĂů�ǁĞĞŬƐ͘�dŚŝƐ�ƐƵŐŐĞƐƚƐ�ƚŚĞ�ƉŽƐƐŝďŝůŝƚǇ�ŽĨ�D^��- �sƐ�ĂƐ�
ŽŶĞ�ŽĨ�ƚŚĞ�ĮŶĞƐƚ�ĚĞůŝǀĞƌǇ�ƐǇƐƚĞŵƐ�ƚŽ�ĐĂƌƌǇ�ĚƌƵŐƐ�ĨŽƌ�ƚƌĞĂƟŶŐ�ĚŝĂďĞƟĐ�ƌĞƟŶŽƉĂƚŚǇ͘�/Ŷ�ƚŚĞ�ƉƌĞƐĞŶƚ�ƐƚƵĚǇ͕ �ǁĞ�ŚĂǀĞ�ůŽĂĚĞĚ�
ƚŚĞƌĂƉĞƵƟĐ�ďĞǀĂĐŝǌƵŵĂď�ŝŶƚŽ�ŚƵŵĂŶ�ďŽŶĞ�ŵĂƌƌŽǁ-ĚĞƌŝǀĞĚ�D^�-Ɛ�sƐ�ĂŶĚ�ĞǀĂůƵĂƚĞĚ�ƚŚĞŝƌ�ƚŚĞƌĂƉĞƵƟĐ�ĞĸĐĂĐǇ�ŝŶ�
ƌĞĚƵĐŝŶŐ�ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�ŽĨ�ŝŶƚƌĂǀŝƚƌĞĂů�ŝŶũĞĐƟŽŶƐ�ŝŶ�Ă�ƐƚƌĞƉƚŽǌŽƚŽĐŝŶ-ŝŶĚƵĐĞĚ�ŵŽĚĞů�ŽĨ�ĚŝĂďĞƟĐ�ƌĞƟŶŽƉĂƚŚǇ�ŝŶ�ƌĂƚƐ͘� 

DĞƚŚŽĚŽůŽŐǇ͗�^ŵĂůů��sƐ�ǁĞƌĞ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ďŽŶĞ�ŵĂƌƌŽǁ-ĚĞƌŝǀĞĚ�ŵĞƐĞŶĐŚǇŵĂů�ƐƚƌŽŵĂů�ĐĞůůƐ�;�D-D^�Ϳ�ĂŶĚ�
ĐŚĂƌĂĐƚĞƌŝǌĞĚ͘��ĞǀĂĐŝǌƵŵĂď�ǁĂƐ�ůŽĂĚĞĚ�ŝŶƚŽ�Ɛ�sƐ�ďǇ�ĨƌĞĞǌĞ-ƚŚĂǁ͕�ĐŽ-ŝŶĐƵďĂƟŽŶ�Ϭ͘Ϯй ƐĂƉŽŶŝŶ͕�ĂŶĚ�ƐŽŶŝĐĂƟŽŶ�ŵĞƚŚŽĚƐ͘�
�ĞǀĂĐŝǌƵŵĂď�ůŽĂĚĞĚ�ŝŶ��sƐ�ǁĂƐ�ĐŚĞĐŬĞĚ�ĨŽƌ�ŝƚƐ�ĂŶƟĂŶŐŝŽŐĞŶŝĐ�ƉƌŽƉĞƌƟĞƐ�ďǇ�ĐŚŽƌŝŽĂůůĂŶƚŽŝĐ�DĞŵďƌĂŶĞ�;��DͿ�ĂƐƐĂǇ�ŝŶ�
ƚŚĞ�ĞŐŐ�ĐŚŝĐŬ�ĞŵďƌǇŽ͘�dŽ�ƚƌĂĐŬ�ƚŚĞ�ďĞǀĂĐŝǌƵŵĂď-ůŽĂĚĞĚ��sƐ�ŝŶ�ƚŚĞ�ƌĞƟŶĂ͕�&/d��ĐŽŶũƵŐĂƚĞĚ�ďĞǀĂĐŝǌƵŵĂď�ǁĂƐ�ůŽĂĚĞĚ�ŝŶƚŽ�
W<,Ϯϲ�ůĂďĞůĞĚ�Ɛ�sƐ͘�&ƵƌƚŚĞƌ͕ ��Z�ŝŶĚƵĐĞĚ�ŝŶ�tŝƐƚĂƌ��ůďŝŶŽ�ƌĂƚƐ�ƚŚƌŽƵŐŚ�ƚŚĞ�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ŽĨ�ƐƚƌĞƉƚŽǌŽƚŽĐŝŶ͘��ůŽŽĚ�ƐƵŐĂƌ�
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ĐŽŶĮƌŵĞĚ�ƚŚƌŽƵŐŚ��ǀĂŶƐ�ďůƵĞ�ůĞĂŬĂŐĞ�ĂŶĚ�&/d�-ĚĞǆƚƌĂŶ�ƉĞƌĨƵƐŝŽŶ͘�dŚĞ�ĞīĞĐƚ�ŽĨ�ĂŶƟ-s�'&-ůŽĂĚĞĚ��sƐ�ŽŶ�
ŶĞŽǀĂƐĐƵůĂƌŝǌĂƟŽŶ�ǁĂƐ�ĞǀĂůƵĂƚĞĚ�Ăƚ�ĚŝīĞƌĞŶƚ�ƟŵĞ�ŝŶƚĞƌǀĂůƐ�ƵƐŝŶŐ�s�'&�ŝŵŵƵŶŽƐƚĂŝŶŝŶŐ͘�dŚĞ�ĂŶƟ-ĂƉŽƉƚŽƟĐ�ĞīĞĐƚ�ŽĨ��s-
���ǁĂƐ�ŵĞĂƐƵƌĞĚ�ďǇ�ƋƵĂŶƟĨǇŝŶŐ�ƚƵŶŶĞů-ƉŽƐŝƟǀĞ�ĐĞůůƐ�ĂŶĚ�ĐĂƐƉĂƐĞ-ϯ�ĞǆƉƌĞƐƐŝŽŶ�ŝŶ�ƚŚĞ�ƌĞƟŶĂ͘��>/^��ƐƚƌŝƉƐ�ŵĞƚŚŽĚ�ǁĂƐ�
ƵƐĞĚ�ƚŽ�ŵĞĂƐƵƌĞ�ƚŚĞ�ĂŶƟ-ŝŶŇĂŵŵĂƚŽƌǇ�ĞīĞĐƚ�ĨŽƌ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ĐǇƚŽŬŝŶĞƐ�dE&-ɲ͕�/>-ϭɴ͕�/>-ϭɲ͕�/>-6, interferon-ɶ͕�D�W-ϭ͕�
D/W-ϭɲ�ĂŶĚ�Z�Ed�Ɛ͘ 

ZĞƐƵůƚƐ͗��ŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ��sƐ�ƵƐŝŶŐ EĂŶŽ^ŝŐŚƚ�ƚƌĂĐŬŝŶŐ�ĚĞŵŽŶƐƚƌĂƚĞĚ�Ă�ŵĞĂŶ�ƐŝǌĞ�ŽĨ�ϭϲϳŶŵ͕�d�D�ĂŶĂůǇƐŝƐ�ƌĞǀĞĂůĞĚ�
ĐƵƉ-ƐŚĂƉĞĚ�ŵŽƌƉŚŽůŽŐǇ͕ �ĂŶĚ�ǁĞƐƚĞƌŶ�ďůŽƚ�ĂŶĂůǇƐŝƐ�ƌĞǀĞĂůĞĚ�ƉŽƐŝƟǀĞ�ĨŽƌ�d^'ϭϬϭ�ĂŶĚ����ϲϯ�ǁŚŝůĞ�ŶĞŐĂƟǀĞ�ĨŽƌ�'DϭϯϬ͘���
ƐŝŐŶŝĮĐĂŶƚ�ĂŵŽƵŶƚ�ŽĨ�ďĞǀĂĐŝǌƵŵĂď�ǁĂƐ�ůŽĂĚĞĚ�ďǇ�Ăůů�ƚŚĞ�ƚĞƐƚĞĚ�ŵĞƚŚŽĚƐ͘�dŚĞ�ďĞǀĂĐŝǌƵŵĂď-ůŽĂĚĞĚ��sƐ�ƐŝŐŶŝĮĐĂŶƚůǇ�
ŝŶŚŝďŝƚĞĚ�ƚŚĞ�ĂŶŐŝŽŐĞŶĞƐŝƐ�ŝŶ�ƚŚĞ���D�ĂƐƐĂǇ͘�tĞ�ŚĂǀĞ�ƚƌĂĐŬĞĚ�ďĞǀĂĐŝǌƵŵĂď-ůŽĂĚĞĚ��sƐ�ŝŶ�ĚŝīĞƌĞŶƚ�ƌĞƟŶĂ�ůĂǇĞƌƐ�ŝŶ�ŶĂŝǀĞ�
ƌĂƚƐ͘�/Ŷ�^d�-ŝŶĚƵĐĞĚ��Z͕�ďĞǀĂĐŝǌƵŵĂď-ůŽĂĚĞĚ��sƐ�ƐŝŐŶŝĮĐĂŶƚůǇ�ĚĞĐƌĞĂƐĞĚ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ĞǆƵĚĂƚĞƐ�ŝŶ�ƚŚĞ�ƌĞƟŶĂ͕�s�'&�
ĞǆƉƌĞƐƐŝŽŶ͕�ĂŶĚ��Z-ŝŶĚƵĐĞĚ�ĐĞůů�ĚĞĂƚŚ�ŝŶ�ƚŚĞ�ďĞǀĂĐŝǌƵŵĂď-ůŽĂĚĞĚ��s�ŐƌŽƵƉ�ĐŽŵƉĂƌĞĚ�ƚŽ�ďĞǀĂĐŝǌƵŵĂď�ĂůŽŶĞ�ŐƌŽƵƉ�ŽǀĞƌ�
Ă�ƉĞƌŝŽĚ�ŽĨ�ƚǁŽ�ŵŽŶƚŚƐ͘��s-���ĂŶĚ����ĂůŽŶĞ�ĨĂŝůĞĚ�ƚŽ�ƌĞĚƵĐĞ�ĐŚƌŽŶŝĐ�ƌĞƟŶĂů�ŝŶŇĂŵŵĂƟŽŶ�Ăƚ�ƚǁŽ�ŵŽŶƚŚƐ͘ 

Conclusion͗�dŚĞ�ƐƚƵĚǇ�ƉƌŽǀŝĚĞƐ�Ă�ĐůŝŶŝĐĂůůǇ�ŝŵƉŽƌƚĂŶƚ�ĮŶĚŝŶŐ�ƚŚĂƚ�D^�-Ɛ�s-ůŽĂĚĞĚ�ďĞǀĂĐŝǌƵŵĂď�ƌĞĚƵĐĞƐ�ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�ŽĨ�
ŝŶƚƌĂǀŝƚƌĞĂů�ŝŶũĞĐƟŽŶ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƚƌĞĂƟŶŐ�ĚŝĂďĞƟĐ�ƌĞƟŶŽƉĂƚŚǇ͘�dŚŝƐ�ƐƚƵĚǇ�ƉƌŽǀŝĚĞĚ�ƚŚĞ�ĮƌƐƚ�ĞǀŝĚĞŶĐĞ�ŽĨ�ƉƌŽůŽŶŐĞĚ�
ďĞŶĞĮƚƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�D^�-Ɛ�s�ĂƐ�Ă�ĚƌƵŐ�ĚĞůŝǀĞƌǇ�ƐǇƐƚĞŵ͘ 



Poster Abstract # 34 

�ůĞǆ Gao 
University of California ^ĂŶ�&ƌĂŶĐŝƐĐŽ͕�^ĂŶ�&ƌĂŶĐŝƐĐŽ�s��DĞĚŝĐĂů��ĞŶƚĞƌ 
 
ĞǆZE��ĐĂƌƌŝĞĚ�ďǇ�DϮ-ůŝŬĞ�DĂĐƌŽƉŚĂŐĞ��ǆŽƐŽŵĞƐ�^ƵƉƉƌĞƐƐ��ĂƌĚŝĂĐ�/ŶŇĂŵŵĂƟŽŶ�
Θ�WƌĞǀĞŶƚ��ŚƌŽŶŝĐ�,ĞĂƌƚ�&ĂŝůƵƌĞ�ĂŌĞƌ�DǇŽĐĂƌĚŝĂů�/ŶĨĂƌĐƟŽŶ 
�ůĞǆ�'ĂŽϭ͕Ϯ͕�DĂƌƟŶ�EŐϭ͕Ϯ͕��ŶŚ�WŚƵϭ͕Ϯ͕�EŐĂŶ�sƵϭ͕Ϯ͕�ZŽďĞƌƚ�>͘�ZĂīĂŝϭ͕Ϯ͕ϯ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�sĞƚĞƌĂŶƐ��īĂŝƌƐ͕�^ƵƌŐŝĐĂů�^ĞƌǀŝĐĞ�;ϭϭϮ'Ϳ͕�^ĂŶ�&ƌĂŶĐŝƐĐŽ�s��DĞĚŝĐĂů��ĞŶƚĞƌ͕ �^ĂŶ�&ƌĂŶĐŝƐĐŽ͕����ϵϰϭϮϭ͕�
USA. 
Ϯ͘ EŽƌƚŚĞƌŶ��ĂůŝĨŽƌŶŝĂ�/ŶƐƟƚƵƚĞ�ĨŽƌ�ZĞƐĞĂƌĐŚ�ĂŶĚ��ĚƵĐĂƟŽŶ͕�^ĂŶ�&ƌĂŶĐŝƐĐŽ͕����ϵϰϭϮϭ͕�h^�͘ 
ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�^ƵƌŐĞƌǇ͕ ��ŝǀŝƐŝŽŶ�ŽĨ��ŶĚŽǀĂƐĐƵůĂƌ�ĂŶĚ�sĂƐĐƵůĂƌ�^ƵƌŐĞƌǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕�^ĂŶ� 
ϭϲ�&ƌĂŶĐŝƐĐŽ͕����ϵϰϭϰϯ͕�h^�͘ 
 
dŝƚůĞ 

ĞǆZE��ĐĂƌƌŝĞĚ�ďǇ�DϮ-ůŝŬĞ�DĂĐƌŽƉŚĂŐĞ��ǆŽƐŽŵĞƐ�^ƵƉƉƌĞƐƐ��ĂƌĚŝĂĐ�/ŶŇĂŵŵĂƟŽŶ�Θ�WƌĞǀĞŶƚ��ŚƌŽŶŝĐ�,ĞĂƌƚ�&ĂŝůƵƌĞ�ĂŌĞƌ�
DǇŽĐĂƌĚŝĂů�/ŶĨĂƌĐƟŽŶ 

/ŶƚƌŽĚƵĐƟŽŶ 

�ŽƌŽŶĂƌǇ�ĂƌƚĞƌǇ�ĚŝƐĞĂƐĞ�ŽŌĞŶ�ƌĞƐƵůƚƐ�ŝŶ�ĐĂƌĚŝĂĐ�ŝƐĐŚĞŵŝĂ͕�ǁŚŝĐŚ�ŝŶ�ƚƵƌŶ�ĐĂŶ�ůĞĂĚ�ƚŽ�ĐŚƌŽŶŝĐ�ŝŶŇĂŵŵĂƟŽŶ�ĂŶĚ�ŚĞĂƌƚ�
ĨĂŝůƵƌĞ�;�,&Ϳ͘�tĞ�ƉƌĞǀŝŽƵƐůǇ�ƌĞƉŽƌƚĞĚ�ƚŚĂƚ�ƚŚĞ�ĂŶƟ-ŝŶŇĂŵŵĂƚŽƌǇ�ĐŽŵƉŽƵŶĚ�&dzϳϮϬ�ŝƐ�ĞīĞĐƟǀĞ�ŝŶ�ĐŽŶƚƌŽůůŝŶŐ��,&�ďǇ�
ƐƵƉƉƌĞƐƐŝŶŐ�ĐĂƌĚŝĂĐ�ŝŶŇĂŵŵĂƟŽŶ�ĨŽůůŽǁŝŶŐ�ŵǇŽĐĂƌĚŝĂů�ŝŶĨĂƌĐƟŽŶ�;D/Ϳ�ŝŶ�Ă�ŵŽƵƐĞ�ŵŽĚĞů�ŽĨ�ĚŝĞƚ-ŝŶĚƵĐĞĚ�ŽĐĐůƵƐŝǀĞ�
ĐŽƌŽŶĂƌǇ�ĂƚŚĞƌŽƐĐůĞƌŽƐŝƐ͘�hŶĨŽƌƚƵŶĂƚĞůǇ͕ �&dzϳϮϬ�ŝƐ�ĐŽŶƚƌĂŝŶĚŝĐĂƚĞĚ�ĨŽƌ�ƉĂƟĞŶƚƐ�ǁŝƚŚ��,&�ĂƐ�ŝƚ�ĐĂƵƐĞƐ�ďƌĂĚǇĐĂƌĚŝĂ͘�dŽ�ƚŚŝƐ�
ĞŶĚ͕�ǁĞ�ƚĞƐƚĞĚ�ǁŚĞƚŚĞƌ�ĞǆŽƐŽŵĞƐ�ƉƌŽĚƵĐĞĚ�ďǇ�DϮ-ƉŽůĂƌŝǌĞĚ�ŚƵŵĂŶ�d,W-ϭ�ŵĂĐƌŽƉŚĂŐĞƐ�;d,Wϭ-/>ϰ-ĞǆŽͿ�ĐŽƵůĚ�ƐĞƌǀĞ�ĂƐ�
ĂŶ�ĂůƚĞƌŶĂƟǀĞ�ƚŚĞƌĂƉĞƵƟĐ�ŽƉƟŽŶ͘�tĞ�ƌĞĐĞŶƚůǇ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĂƚ�ŵŝZE� ĐĂƌŐŽ�ŝŶ�d,Wϭ-/>ϰ-ĞǆŽ�ĂƌĞ�ĞīĞĐƟǀĞ�ŝŶ�
ĐŽŶƚƌŽůůŝŶŐ�ƐǇƐƚĞŵŝĐ�ŝŶŇĂŵŵĂƟŽŶ�ĂŶĚ�ĂƚŚĞƌŽƐĐůĞƌŽƐŝƐ�ŝŶ�ŵŝĐĞ�ǁŝƚŚ�ŚǇƉĞƌůŝƉŝĚĞŵŝĂ͘�/Ŷ�ƚŚŝƐ�ƐƚƵĚǇ͕ �ǁĞ�ƐŽƵŐŚƚ�ƚŽ�ƚĞƐƚ�
ǁŚĞƚŚĞƌ�d,Wϭ-/>ϰ-ĞǆŽ�ĐŽƵůĚ�ĐŽŶƚƌŽů��,&�ŝŶ�ŵŝĐĞ�ƚŚĂƚ�ĞǆƉĞƌŝĞŶĐĞ�D/�ďǇ�ƌĞĚƵĐŝŶŐ�ĐĂƌĚŝĂĐ�ŝŶŇĂŵŵĂƟŽŶ�ǀŝĂ�ƚŚĞ�ĚĞůŝǀĞƌǇ�ŽĨ�
ĂŶƟ-ŝŶŇĂŵŵĂƚŽƌǇ�ŵŝĐƌŽZE��ĐĂƌŐŽ͘� 

DĞƚŚŽĚƐͬWƌĞůŝŵŝŶĂƌǇ�ƌĞƐƵůƚƐ͗ 

tĞ�ƵƐĞĚ�,ǇƉŽŵŽƌƉŚŝĐ��ƉŽ��ŵŝĐĞ�ĚĞĮĐŝĞŶƚ�ŝŶ�ƐĐĂǀĞŶŐĞƌ�ƌĞĐĞƉƚŽƌ�dǇƉĞ-�ϭ�ĞǆƉƌĞƐƐŝŽŶ�;,ǇƉŽ�ͬ^Z-�ϭоͬоͿ�ƚŽ�ŵŽĚĞů��,&�
ƚŚĂƚ�ĚĞǀĞůŽƉƐ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�D/�ĐĂƵƐĞĚ�ďǇ�ĚŝĞƚ-ŝŶĚƵĐĞĚ�ĐŽƌŽŶĂƌǇ�ĂƚŚĞƌŽƐĐůĞƌŽƐŝƐ͘�KƵƌ�ĮŶĚŝŶŐƐ�ƐŚŽǁ�ƚŚĂƚ�ƚƌŝ-ǁĞĞŬůǇ�
ŝŶƚƌĂƉĞƌŝƚŽŶĞĂů�ŝŶũĞĐƟŽŶƐ�ŽĨ�ϭϬϭϬ�d,Wϭ-/>ϰ-ĞǆŽ�ŝŶƚŽ�,ǇƉŽ�ͬ^Z�ϭ-ͬ- ŵŝĐĞ�ĨĞĚ�Ă�ŚŝŐŚ-ĨĂƚ�ĚŝĞƚ�;,&�Ϳ�ĞǆƚĞŶĚĞĚ�ƚŚĞŝƌ�
ůŝĨĞƐƉĂŶ͘�KƵƌ�ĚĂƚĂ�ƐŚŽǁ�ƚŚĂƚ�d,Wϭ-/>ϰ-ĞǆŽ�ĂĐŚŝĞǀĞĚ�ƚŚŝƐ�ƉĂƌƟĂůůǇ�ďǇ�ĂƩĞŶƵĂƟŶŐ�ŝŶŇĂŵŵĂƟŽŶ͘�DŽƌĞ�ƐƉĞĐŝĮĐĂůůǇ͕ �
ŝŶŇĂŵŵĂƟŽŶ�ǁĂƐ�ĚĞĐƌĞĂƐĞĚ�ďǇ�ƌĞĚƵĐŝŶŐ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ŶĞƵƚƌŽƉŚŝůƐ�ŝŶ�ƚŚĞ�ĐŝƌĐƵůĂƟŽŶ�ĂƐ�ǁĞůů�ĂƐ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ůĞǀĞůƐ�ŽĨ�
Dϭ�ŵĂĐƌŽƉŚĂŐĞ-ƌĞůĂƚĞĚ�ŝŶŇĂŵŵĂƚŽƌǇ�ŐĞŶĞƐ�;dŶĨĂ͕�/ůϲͿ�ĂŶĚ�ďǇ�ŝŶĐƌĞĂƐŝŶŐ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ůĞǀĞůƐ�ŽĨ�DϮ�ŵĂĐƌŽƉŚĂŐĞ-
reůĂƚĞĚ�ĂŶƟ-ŝŶŇĂŵŵĂƚŽƌǇ�ŐĞŶĞƐ�;/ůϭϬ͕��ŚŝůϯͿ�ŝŶ�ĐĂƌĚŝĂĐ�ƟƐƐƵĞ͘�d,Wϭ-/>ϰ-ĞǆŽ�ĂůƐŽ�ĂƩĞŶƵĂƚĞĚ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ŵĂƚƌŝǆ�
ŵĞƚĂůůŽƉƌŽƚĞŝŶĂƐĞƐ͕�Ă�ĨĂŵŝůǇ�ŽĨ�ƉƌŽƚĞŝŶƐ�ƵƉƌĞŐƵůĂƚĞĚ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ĐĂƌĚŝĂĐ�ŝŶũƵƌǇ�ƚŚĂƚ�ĚƌŝǀĞ�ǀĞŶƚƌŝĐƵůĂƌ�ƌĞŵŽĚĞůŝŶŐ͕�
ƌĞƐƵůƟŶŐ�ŝŶ�ĂĚǀĞƌƐĞ�ĐĂƌĚŝĂĐ�ĚǇƐĨƵŶĐƟŽŶ͘��ĚĚŝƟŽŶĂůůǇ͕ �ŵŝZE��ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĐĂƌĚŝŽǀĂƐĐƵůĂƌ�ŚĞĂůƚŚ�ĂŶĚ�ŝŶŇĂŵŵĂƟŽŶ�
ǁĞƌĞ�ŵŽĚƵůĂƚĞĚ�ŝŶ�ĐĂƌĚŝĂĐ�ƟƐƐƵĞ�ŽĨ�ŵŝĐĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�d,Wϭ-/>ϰ-ĞǆŽ͘�^ƵĐŚ�ĐŽŶƚƌŽů�ŽĨ�ƐǇƐƚĞŵŝĐ�ĂŶĚ�ĐĂƌĚŝĂĐ�ŝŶŇĂŵŵĂƟŽŶ�
ďǇ�d,Wϭ-/>ϰ-ĞǆŽ�ůĞĚ�ƚŽ�ĨƵŶĐƟŽŶĂů�ŝŵƉƌŽǀĞŵĞŶƚƐ�ŝŶ�ĐĂƌĚŝĂĐ�ĨƵŶĐƟŽŶ�ĂƐ�ĚĞƚĞĐƚĞĚ�ďǇ�ĞĐŚŽĐĂƌĚŝŽŐƌĂƉŚǇ�ƚŚĂƚ�ŝŶĐůƵĚĞĚ�ĂŶ�
ŝŶĐƌĞĂƐĞ�ŝŶ�ĨƌĂĐƟŽŶĂů�ƐŚŽƌƚĞŶŝŶŐ�ĂŶĚ�ůĞŌ�ǀĞŶƚƌŝĐƵůĂƌ�ĞũĞĐƟŽŶ�ĨƌĂĐƟŽŶ͘ 

Conclusion 

KƵƌ�ĮŶĚŝŶŐƐ�ƐƵƉƉŽƌƚ�ƚŚĞ�ƵƐĞ�ŽĨ�d,Wϭ-/>ϰ-ĞǆŽ�ĂŶĚ�ƚŚĞŝƌ�ŵŝZE��ĐĂƌŐŽ�ĂƐ�ƚŚĞƌĂƉĞƵƟĐ�ĂŐĞŶƚƐ�ƚŽ�ĐŽŶƚƌŽů��,&�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�
ĐŽƌŽŶĂƌǇ�ĂƌƚĞƌǇ�ĚŝƐĞĂƐĞ͘� 
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:ĞƐƐŝĞ Arce 
�ĂǇůŽƌ��ŽůůĞŐĞ�ŽĨ�DĞĚŝĐŝne 
 
dŚĞ�EĂŶŽ&ůŽǁ�ZĞƉŽƐŝƚŽƌǇ͗���ZĞƐŽƵƌĐĞ�ĨŽƌ�^ŚĂƌŝŶŐ�^ƚĂŶĚĂƌĚƐ-�ŽŵƉůŝĂŶƚ�
DĞƚĂĚĂƚĂ�ĂŶĚ��ĂƚĂ�ĨŽƌ�&ůŽǁ��ǇƚŽŵĞƚƌǇ��ǆƉĞƌŝŵĞŶƚƐ�ŝŶǀŽůǀŝŶŐ��ǆƚƌĂĐĞůůƵůĂƌ�
sĞƐŝĐůĞƐ�ĂŶĚ�ŽƚŚĞƌ�WĂƌƟĐůĞƐ 
:ĞƐƐŝĞ��͘��ƌĐĞϭΎ͕�:ŽƐŚƵĂ��͘�tĞůƐŚϮΎ͕�^ĞĂŶ��ŽŽŬϮ͕�:ŽŚŶ�dŝŐŐĞƐϯ͕�/ŽŶŝƚĂ�'ŚŝƌĂŶϯ͕�:ĞŶŶŝĨĞƌ �͘�:ŽŶĞƐϮ͕��ŶĚƌĞǁ�:ĂĐŬƐŽŶϭ͕�
DĂƩŚĞǁ�ZŽƚŚϭ͕��ůĞŬƐĂŶĚĂƌ�DŝůŽƐĂǀůũĞǀŝĐϭ 
ϭ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�DŽůĞĐƵůĂƌ�ĂŶĚ�,ƵŵĂŶ�'ĞŶĞƟĐƐ͕��ĂǇůŽƌ��ŽůůĞŐĞ�ŽĨ�DĞĚŝĐŝŶĞ͕�,ŽƵƐƚŽŶ͕�dy͕�h^�͘ 
Ϯ͘�dƌĂŶƐůĂƟŽŶĂů�EĂŶŽďŝŽůŽŐǇ�^ĞĐƟŽŶ͕�>ĂďŽƌĂƚŽƌǇ�ŽĨ�WĂƚŚŽůŽŐǇ͕ ��ĞŶƚĞƌ�ĨŽƌ��ĂŶĐĞƌ�ZĞƐĞĂƌĐŚ͕�EĂƟŽŶĂů��ĂŶĐĞƌ�/ŶƐƟƚƵƚĞ͕�
EĂƟŽŶĂů�/ŶƐƟƚƵƚĞƐ�ŽĨ�,ĞĂůƚŚ͕��ĞƚŚĞƐĚĂ͕�D�͕�h^�͘ 
ϯ͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĚŝĐŝŶĞ͕��ĞƚŚ�/ƐƌĂĞů��ĞĂĐŽŶĞƐƐ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �,ĂƌǀĂƌĚ�DĞĚŝĐĂů�^ĐŚŽŽů͕��ŽƐƚŽŶ͕�D�͕�h^�͘ 
 
�ĂĐŬŐƌŽƵŶĚ͗��ǆƚƌĂĐĞůůƵůĂƌ�WĂƌƟĐůĞƐ�;�WƐͿ͕�ŝŶĐůƵĚŝŶŐ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;�sƐͿ͕�ŚĂǀĞ�ďĞĞŶ�ŝĚĞŶƟĮĞĚ�ĂƐ�ŝŵƉŽƌƚĂŶƚ�ĐĂƌƌŝĞƌƐ�
ŽĨ�ĞǆZE��ĂŶĚ�ŵĞĚŝĂƚŽƌƐ�ŽĨ�ŝŶƚĞƌĐĞůůƵůĂƌ�ĐŽŵŵƵŶŝĐĂƟŽŶ�ĂŶĚ�ŝŵƉůŝĐĂƚĞĚ�ŝŶ�ǀĂƌŝŽƵƐ�ďŝŽůŽŐŝĐĂů�ĂŶĚ�ƉĂƚŚŽůŽŐŝĐĂů�ƉƌŽĐĞƐƐĞƐ͘�
&ůŽǁ�ĐǇƚŽŵĞƚƌǇ�ŝƐ�Ă�ǁŝĚĞůǇ�ƵƐĞĚ�ŵĞƚŚŽĚ�ĨŽƌ�ĂŶĂůǇǌŝŶŐ��WƐ͕�ďƵƚ�ƚŚĞ�ŶĞĞĚ�ĨŽƌ�ƐƚĂŶĚĂƌĚŝǌĞĚ�ƌĞƉŽƌƟŶŐ�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�
ŵĞƚĂĚĂƚĂ�ůŝŵŝƚƐ�ƚŚĞ�ƌĞƉƌŽĚƵĐŝďŝůŝƚǇ�ĂŶĚ�ĐŽŵƉĂƌĂďŝůŝƚǇ�ŽĨ��s�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�ƐƚƵĚŝĞƐ͘ 

�ŝŵƐ͗�dŽ�ĚĞǀĞůŽƉ�Ă�ƌĞƐŽƵƌĐĞ�ĨŽƌ�ƐŚĂƌŝŶŐ�ƐƚĂŶĚĂƌĚ-ĐŽŵƉůŝĂŶƚ�ŵĞƚĂĚĂƚĂ�ĂŶĚ�ĚĂƚĂ�ĨŽƌ��W-ƌĞůĂƚĞĚ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�
ĞǆƉĞƌŝŵĞŶƚƐ�ĂŶĚ�ƚŽ�ƉƌŽŵŽƚĞ�ƌŝŐŽƌ�ĂŶĚ�ƌĞƉƌŽĚƵĐŝďŝůŝƚǇ�ŝŶ��W�ĂŶĚ�ĞǆZE��ƌĞƐĞĂƌĐŚ͘ 

DĞƚŚŽĚŽůŽŐǇ͗�tĞ�ĚĞǀĞůŽƉĞĚ�dŚĞ�EĂŶŽ&ůŽǁ�ZĞƉŽƐŝƚŽƌǇ�ĂƐ�ĂŶ�ŽŶůŝŶĞ�ƉůĂƞŽƌŵ�ƚŽ�ĨĂĐŝůŝƚĂƚĞ�ƐŚĂƌŝŶŐ�ŽĨ��W�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�
ĚĂƚĂ�ĂŶĚ�ƐƚĂŶĚĂƌĚƐ-ĐŽŵƉůŝĂŶƚ�ŵĞƚĂĚĂƚĂ͘�dŚŝƐ�ŝŶŝƟĂůůǇ�ĨŽĐƵƐĞĚ�ŽŶ�ƐŝŶŐůĞ��s�ŇŽǁ�ĐǇƚŽŵĞƚĞƌ�;�s-&�Ϳ�ĂŶĚ�ďĞĂĚ-ďĂƐĞĚ�ĂƐƐĂǇƐ�
ĂŶĚ�ŚĂƐ�ďĞĞŶ�ĞǆƉĂŶĚĞĚ�ƚŽ�ŝŶĐůƵĚĞ�ZƌĞƐŝƐƟǀĞ�ƉƵůƐĞ�ƐĞŶƐŝŶŐ�;ZW^Ϳ�ĂŶĂůǇƐĞƐ͘�dŚĞ�ŵĞƚĂĚĂƚĂ�ŝŶĐůƵĚĞƐ�ŝŶĨŽƌŵĂƟŽŶ�ĂďŽƵƚ�ƚŚĞ�
ĞǆƉĞƌŝŵĞŶƚĂů�ĚĞƐŝŐŶ͕�ƐĂŵƉůĞƐ͕�ŝŶƐƚƌƵŵĞŶƚ�ĐŽŶĮŐƵƌĂƟŽŶ͕�ĂŶĚ�ĂŶĂůǇƐŝƐ�ƉĂƌĂŵĞƚĞƌƐ͕�ĨŽůůŽǁŝŶŐ�ƚŚĞ�D/&ůŽǁ�Ǉƚ-�s�
ĨƌĂŵĞǁŽƌŬ͘�dŚĞ�ƉůĂƞŽƌŵ�ĂůůŽǁƐ�ĨŽƌ�ĞĂƐǇ�ĚĂƚĂƐĞƚ�ĚŝƐĐŽǀĞƌǇ͕ �ĞǆƉůŽƌĂƟŽŶ͕�ĂŶĚ�ĚŽǁŶůŽĂĚ͕�ǁŝƚŚ�ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�ĮůƚĞƌ�ĚĂƚĂƐĞƚƐ�
ďĂƐĞĚ�ŽŶ�ǀĂƌŝŽƵƐ�ƉĂƌĂŵĞƚĞƌƐ͕�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�ƚǇƉĞ�ŽĨ�ŇŽǁ�ĐǇƚŽŵĞƚĞƌ�ƵƐĞĚ�ƚŽ�ŐĞŶĞƌĂƚĞ�ƚŚĞ�ĚĂƚĂ͘��&Žƌ�ĞŶŚĂŶĐŝŶŐ�
ƌĞƉƌŽĚƵĐŝďŝůŝƚǇ�ĂŶĚ�ƐƚĂŶĚĂƌĚŝǌĂƟŽŶ͕�ƚŚĞ�ƌĞƉŽƐŝƚŽƌǇ�ƐƵƉƉŽƌƚƐ�ƚŚĞ�ĚĞƉŽƐŝƟŽŶ�ŽĨ�&�DW�^^͕�DW�W�^^͕�ĂŶĚ�ZW^W�^^�
ĐĂůŝďƌĂƚĞĚ�ĚĂƚĂƐĞƚƐ͕�ĞŶĂďůŝŶŐ�ƚŚĞ�ƐĐŝĞŶƟĮĐ�ĐŽŵŵƵŶŝƚǇ�ƚŽ�ƐŚĂƌĞ͕�ĐŽŵƉĂƌĞ͕�ĂŶĚ�ǀĂůŝĚĂƚĞ��W-&��ĞǆƉĞƌŝŵĞŶƚƐ�ŵŽƌĞ�
ĐŽŵƉƌĞŚĞŶƐŝǀĞůǇ͘�ZĞƐĞĂƌĐŚĞƌƐ�ĐĂŶ�ĐƌĞĂƚĞ�ĂŶ�ĂĐĐŽƵŶƚ�ƚŽ�ƵƉůŽĂĚ��W-&��ĚĂƚĂ�ĮůĞƐ�ĂŶĚ�ůŝŶŬ�ƚŚĞŵ�ƚŽ�ƉƵďůŝĐĂƟŽŶƐ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�
ƚŚĞ�ƉůĂƞŽƌŵ�ƉƌŽǀŝĚĞƐ�ĂĐĐĞƐƐ�ƚŽ�D/&ůŽǁ�Ǉƚ�ĂŶĚ�D/&ůŽǁ�Ǉƚ-�s�ƌĞƉŽƌƚƐ͕�ƐĂŵƉůĞƐ͕�ĂŶĚ�ƌĞůĂƚĞĚ�ĚĂƚĂ�ĮůĞƐ�ĨŽƌ�ĞĂĐŚ�ĚĂƚĂƐĞƚ͘� 

ZĞƐƵůƚƐ͗�dŚĞ�EĂŶŽ&ůŽǁ�ZĞƉŽƐŝƚŽƌǇ�ĐƵƌƌĞŶƚůǇ�ŚŽƐƚƐ�ϰϴ�ƉƵďůŝĐ�ĚĂƚĂƐĞƚƐ�ǁŝƚŚ�ϱϰϲ�&�^�ĮůĞƐ�ŐĞŶĞƌĂƚĞĚ�ďǇ�ǀĂƌŝŽƵƐ�ŇŽǁ�
ĐǇƚŽŵĞƚĞƌƐ͕�ƉƌŽǀŝĚŝŶŐ�Ă�ǀĂůƵĂďůĞ�ƌĞƐŽƵƌĐĞ�ĨŽƌ�ƚŚĞ��W�ƌĞƐĞĂƌĐŚ�ĐŽŵŵƵŶŝƚǇ͘�dŚĞ�ƌĞƉŽƐŝƚŽƌǇ�ĞŶĂďůĞƐ�ƵƐĞƌƐ�ƚŽ�ĂĐĐĞƐƐ�
ƐƚĂŶĚĂƌĚƐ-ĐŽŵƉůŝĂŶƚ�ŵĞƚĂĚĂƚĂ�ĂŶĚ�ƌĞƉƌŽĚƵĐĞ�ƉƵďůŝƐŚĞĚ�ƌĞƐƵůƚƐ͕�ĨĂĐŝůŝƚĂƟŶŐ�ǀĂůŝĚĂƟŽŶ�Žƌ�ƌĞĨƵƚĂƟŽŶ�ŽĨ�ƉƌĞǀŝŽƵƐ�ĮŶĚŝŶgs 
ĂŶĚ�ƉƌŽŵŽƟŶŐ�ĐŽůůĂďŽƌĂƟŽŶ�ĂŶĚ�ĚĂƚĂ�ƌĞƵƐĞ�ĨŽƌ�ŵĞƚĂ-analyses. 

�ŽŶĐůƵƐŝŽŶƐ͗�dŚĞ�EĂŶŽ&ůŽǁ�ZĞƉŽƐŝƚŽƌǇ�ƌĞƉƌĞƐĞŶƚƐ�Ă�ǀĂůƵĂďůĞ�ƌĞƐŽƵƌĐĞ�ĨŽƌ�ƚŚĞ��W�ĂŶĚ�ĞǆZE��ƌĞƐĞĂƌĐŚ�ĐŽŵŵƵŶŝƟĞƐ͕�
ĞŶĂďůŝŶŐ�ƚŚĞ�ƐŚĂƌŝŶŐ�ŽĨ�ƐƚĂŶĚĂƌĚƐ-ĐŽŵƉůŝĂŶƚ�ŵĞƚĂĚĂƚĂ�ĂŶĚ�ĚĂƚĂ�ĨŽƌ��W-ƌĞůĂƚĞĚ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�ĞǆƉĞƌŝŵĞŶƚƐ͘�/ƚƐ�ƵƐĞ�ǁŝůů�
ŝŵƉƌŽǀĞ�ƚŚĞ�ƌŝŐŽƌ�ĂŶĚ�ƌĞƉƌŽĚƵĐŝďŝůŝƚǇ�ŽĨ�ƌĞƐĞĂƌĐŚ�ĂŶĚ�ƉƌŽŵŽƚĞ�ĐŽůůĂďŽƌĂƟŽŶ�ĂŶĚ�ĚĂƚĂ�ƌĞƵƐĞ͘�tĞ�ŝŶǀŝƚĞ�ƚŚĞ�ƐĐŝĞŶƟĮĐ�
ĐŽŵŵƵŶŝƚǇ�ƚŽ�ĞǆƉůŽƌĞ�ĂŶĚ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ƚŚĞ�EĂŶŽ&ůŽǁ�ZĞƉŽƐŝƚŽƌǇ͗�ŚƩƉƐ͗ͬͬŐĞŶďŽƌĞĞ͘ŽƌŐͬŶĂŶŽ-ƵŝͬůĚͬĚĂƚĂƐets. 
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WƌŝǇĂĚĂƌƐŚŝŶŝ�;WƌŝǇĂͿ WĂŶƚŚĂŵ 
UŶŝǀĞƌƐŝƚǇ�ŽĨ�CĂůŝĨŽƌŶŝĂ San Diego 

dƌĂŶƐĐƌŝƉƚŽŵŝĐ�WƌŽĮůŝŶŐ�ŽĨ�hƌŝŶĂƌǇ��ǆƚƌĂĐĞůůƵůĂƌ�ZE��ŝŶ�WƌĞŐŶĂŶĐǇ�ĂŶĚ�^ĞǀĞƌĞ�
WƌĞĞĐůĂŵƉƐŝĂ 
WƌŝǇĂĚĂƌƐŚŝŶŝ�WĂŶƚŚĂŵϭ͕Ϯ͕�DĂƌŝŶĂ�DŽĐŚŝǌƵŬŝϭ͕Ϯ͕��ĂƐƐĂŶĚƌĂ�tĂƵĞƌϭ͕Ϯ͕�^ƌŝŵĞĞŶĂŬƐŚŝ�^ƌŝŶŝǀĂƐĂŶϭ͕Ϯ͕�WĞƚĞƌ��Ğ�,Žīϭ͕Ϯ͕�
�ŵďĞƌ�>͘�DŽƌĞǇϭ͕Ϯ͕��ŝƐŚǁĂƌǇĂ�sƵƉƉĂůĂϭ͕Ϯ͕��ďďĂƐ�,ĂŬŝŵϭ͕Ϯ͕�dǇůĞƌ�KƐƚƌĂŶĚĞƌϭ͕Ϯ͕��ĂƐĂŶƚ��ů'ŚĂǇĂƟϭ͕Ϯ͕�'ŝƐƐĞůůĞ�^ĂŶƟĂŐŽϭ͕�
�ŽƌĂ�:͘�DĞůďĞƌϭ͕�DĂƌŶŝ�� 
ϭ͘ �ĞƉĂƌƚŵĞŶƚ�ŽĨ�KďƐƚĞƚƌŝĐƐ͕�'ǇŶĞĐŽůŽŐǇ�Θ�ZĞƉƌŽĚƵĐƟǀĞ�^ĐŝĞŶĐĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕���͕�h^�
Ϯ͘ ^ĂŶĨŽƌĚ��ŽŶƐŽƌƟƵŵ�ĨŽƌ�ZĞŐĞŶĞƌĂƟǀĞ�DĞĚŝĐŝŶĞ͕�>Ă�:ŽůůĂ͕���͕�h^�

�ĂĐŬŐƌŽƵŶĚ͗�WƌĞĞĐůĂŵƉƐŝĂ�ŝƐ�Ă�ƐĞƌŝŽƵƐ�ĂŶĚ�ĐŽŵŵŽŶ�ĚŝƐĞĂƐĞ�ŽĨ�ƉƌĞŐŶĂŶĐǇ͕ �ǁŚŝĐŚ�ŝƐ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�ŵĂƚĞƌŶĂů�
ŚǇƉĞƌƚĞŶƐŝŽŶ͕�ĂƐ�ǁĞůů�ĂƐ�ƌĞŶĂů͕�ŚĞƉĂƟĐ͕�ĂŶĚ�ƉůĂĐĞŶƚĂů�ĚǇƐĨƵŶĐƟŽŶ͘�hƌŝŶĞ�ĐŽŶƚĂŝŶƐ�ĞǆƚƌĂĐĞůůƵůĂƌ�ZE�Ɛ�;ĞǆZE�ƐͿ͕�ǁŚŝĐŚ�ĂƌĞ�
ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�;Ƶ�sƐͿ�ĂŶĚ�ŽƚŚĞƌ�ĐĂƌƌŝĞƌƐ͘�hƌŝŶĞ�ŝƐ�ĞŶƌŝĐŚĞĚ�ĨŽƌ�ŬŝĚŶĞǇ-ĚĞƌŝǀĞĚ�ĞǆZE�Ɛ͕�ďƵƚ�ĂůƐŽ�
ĐŽŶƚĂŝŶƐ�ĞǆZE�Ɛ�ĨƌŽŵ�ŽƚŚĞƌ�ƟƐƐƵĞƐ͕�ŝŶĐůƵĚŝŶŐ��ƚŚĞ�ƉůĂĐĞŶƚĂ�ĚƵƌŝŶŐ�ƉƌĞŐŶĂŶĐǇ͘�dŚƵƐ͕�ŵĂƚĞƌŶĂů�ƵƌŝŶĞ�ŝƐ�Ă�ƉŽƚĞŶƟĂů�ƐŽƵƌĐĞ�
ŽĨ�ĞǆZE��ďŝŽŵĂƌŬĞƌƐ�ĨŽƌ�ƉƌĞĞĐůĂŵƉƐŝĂ�ĂŶĚ�ĂƐƐŽĐŝĂƚĞĚ�ŽƌŐĂŶ�ĚŝƐĨƵŶĐƟŽŶ͘� 

�ŝŵ͗�tĞ�ĂŝŵĞĚ�ƚŽ�ŝĚĞŶƟĨǇ�ŽƉƟŵĂů�ŵĞƚŚŽĚƐ�ĨŽƌ�ƚƌĂŶƐĐƌŝƉƚŽŵŝĐ�ƉƌŽĮůŝŶŐ�ŽĨ�ŵĂƚĞƌŶĂů�ƵƌŝŶĂƌǇ�ĞǆZE�Ɛ�ŝŶ�ƉƌĞŐŶĂŶĐǇ�ďǇ�
ƚĞƐƟŶŐ�ĚŝīĞƌĞŶƚ�ĞǆZE��ŝƐŽůĂƟŽŶ�ĂŶĚ�ůŝďƌĂƌǇ�ƉƌĞƉĂƌĂƟŽŶ�ŵĞƚŚŽĚƐ͘�dŚĞ�ƵůƟŵĂƚĞ�ŐŽĂů�ŝƐ�ƚŽ�ĂƉƉůǇ�ƚŚĞƐĞ�ŵĞƚŚŽĚƐ�ƚŽ�ŝĚĞŶƟĨǇ�
ďŝŽŵĂƌŬĞƌƐ�ĨŽƌ�ŶŽŶ-ŝŶǀĂƐŝǀĞ�ƉƌĞĚŝĐƟŽŶ�ĂŶĚ�ĚŝĂŐŶŽƐŝƐ�ŽĨ�ƉƌĞĞĐůĂŵƉƐŝĂ͘� 

DĞƚŚŽĚŽůŽŐǇ͗�ZE��ǁĂƐ�ĞǆƚƌĂĐƚĞĚ�ĨƌŽŵ�ƉŽŽůĞĚ�ĂŶĚͬŽƌ�ŝŶĚŝǀŝĚƵĂů�ƐĂŵƉůĞƐ�ŽĨ�ƵƌŝŶĞ�ŽďƚĂŝŶĞĚ�from normal non-ƉƌĞŐŶĂŶƚ�
ĂŶĚ�ƉƌĞŐŶĂŶƚ�ĨĞŵĂůĞƐ�ĂƐ�ǁĞůů�ĂƐ�ŵĂůĞƐ�ƵƐŝŶŐ�ŝŶƉƵƚ�ǀŽůƵŵĞƐ�ŽĨ�ĞŝƚŚĞƌ�Ϭ͘ϲ�ŵ>͕�ϭ�ŵ>͕�Žƌ�ϰ�ŵ>͘�^ĂŵƉůĞƐ�ǁĞƌĞ�ĞǆƚƌĂĐƚĞĚ�ŝŶ�
ĚƵƉůŝĐĂƚĞ�Žƌ�ƚƌŝƉůŝĐĂƚĞ�ƵƐŝŶŐ�ĞŝƚŚĞƌ�ǀĞƐŝĐƵůĂƌ�;ŵŝZ�hZz͕ ��ǆŽZEĞĂƐǇ͕ �^ĞƌĂDŝƌ�ŬŝƚƐͿ͕�Žƌ�ƚŽƚĂů�;ŵŝZEĞĂƐǇ�ĂĚǀĂŶĐĞĚ͕�EŽrgen 
ŬŝƚƐͿ�ĞǆZE��ŝƐŽůĂƟŽŶ�ŵĞƚŚŽĚƐ͘�>ŝďƌĂƌǇ�ƉƌĞƉĂƌĂƟŽŶ�ǁĂƐ�ĂƵƚŽŵĂƚĞĚ�ĂŶĚ�ŵŝŶŝĂƚƵƌŝǌĞĚ�ƚŽ�ϭͬϱƚŚ�ŽĨ�ƚŚĞ�ŵĂŶƵĨĂĐƚƵƌĞƌƐ͛�
ƌĞĐŽŵŵĞŶĚĞĚ�ƌĞĂĐƟŽŶ�ǀŽůƵŵĞƐ�ƵƐŝŶŐ�Ă�ƐŵĂůů�ǀŽůƵŵĞ�ůŝƋƵŝĚ�ŚĂŶĚůĞƌ�;^Wd�>ĂďƚĞĐŚͿ͘�^ŵĂůů�ZE��ůŝďƌĂƌŝĞƐ�;ƚŽƚĂů�ŶсϮϬϴͿ�
ǁĞƌĞ�ƉƌĞƉĂƌĞĚ�ƵƐŝŶŐ�ƚŚĞ�E��EĞǆƚ�^ŵĂůů�ZE��ůŝďƌĂƌǇ�ƉƌĞƉĂƌĂƟŽŶ�Ŭŝƚ͕�ĂŶĚ�ůŽŶŐ�ZE��ůŝďƌĂƌŝĞƐ�;ƚŽƚĂů�ŶсϵϳͿ�ǁĞƌĞ�ƉƌĞƉĂƌĞĚ�
ƵƐŝŶŐ�ƚŚĞ�dĂŬĂƌĂ�^D�Zd-^ĞƋ�ǀϰ�hůƚƌĂ�>Žǁ�/ŶƉƵƚ�ZE��Žƌ�ƚŚĞ�^D�ZdĞƌ�^ƚƌĂŶĚĞĚ�dŽƚĂů�ZE�-^ĞƋ�<ŝƚ�ǀϮ�WŝĐŽ�/ŶƉƵƚ�ŬŝƚƐ͘� 

ZĞƐƵůƚƐ͗�dŚĞ�ŐƌĞĂƚĞƐƚ�ƐŽƵƌĐĞƐ�ŽĨ�ǀĂƌŝĂŶĐĞ�ǁĞƌĞ�ĞǆZE��ŝƐŽůĂƟŽŶ�ŵĞƚŚŽĚ�ŝŶ�ƐŵĂůů�ZE��ůŝďƌĂƌŝĞƐ͕�ĂŶĚ�ůŝďƌĂƌǇ�ƉƌĞƉĂƌĂƟŽŶ�
ŵĞƚŚŽĚ�ŝŶ�ůŽŶŐ�ZE��ůŝďƌĂƌŝĞƐ͘�dŚĞ�ŵŝZ�hZz�Ŭŝƚ�ǇŝĞůĚĞĚ�ƐŵĂůů�ZE��ůŝďƌĂƌŝĞƐ�ŽĨ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŚŝŐŚĞƌ�ĐŽŵƉůĞǆŝƚǇ�ĐŽŵƉĂƌĞĚ�ƚŽ�
ŽƚŚĞƌ�ŵĞƚŚŽĚƐ͕�ĂŶĚ�ůŽŶŐ�ZE��ůŝďƌĂƌŝĞƐ�ƉƌĞƉĂƌĞĚ�ƵƐŝŶŐ�ƚŚĞ�^D�Zd-^ĞƋ�ǀϰ�Ŭŝƚ�ǇŝĞůĚĞĚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŵŽƌĞ�ƵŶŝƋƵĞůǇ�ŵĂƉƉĞĚ�
ƌĞĂĚƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ƚŚĞ�WŝĐŽ�ǀϮ�Ŭŝƚ�;ƉфϬ͘ϬϱͿ͘�tĞ�ŚĂǀĞ�ĐŽŶĚƵĐƚĞĚ�Ă�ƉƌĞůŝŵŝŶĂƌǇ�ƐƚƵĚǇ�ƵƐŝŶŐ�ƚŚĞ�ŵŝZ�hZz�ŵĞƚŚŽĚ�ƚŽ�ŝƐŽůĂƚĞ�
ĞǆZE�Ɛ�ĨƌŽŵ�ŐĞƐƚĂƟŽŶĂů�ĂŐĞ-ŵĂƚĐŚĞĚ�ƵƌŝŶĞ�ƐĂŵƉůĞƐ�ĨƌŽŵ�ŶŽƌŵĂů�;ŶсϮϰͿ�ĂŶĚ�ƐĞǀĞƌĞ�ƉƌĞĞĐůĂŵƉƟĐ�;ŶсϵͿ�ƉƌĞŐŶĂŶĐŝĞƐ͕�
ĂŶĚ�ŚĂǀĞ�ĚŝƐĐŽǀĞƌĞĚ�ϰ�ŵŝZE�Ɛ�ƚŚĂƚ�ĂƌĞ�ĚŝīĞƌĞŶƟĂůůǇ�ĞǆƉƌĞƐƐĞĚ�;ƉфϬ͘ϬϱͿ͘� 

�ŽŶĐůƵƐŝŽŶƐ͗�tĞ�ŚĂǀĞ�ĞƐƚĂďůŝƐŚĞĚ�ƐĐĂůĂďůĞ�ƉŝƉĞůŝŶĞƐ�ĨŽƌ�ĞǆƚƌĂĐƟŽŶ�ĂŶĚ�ƐŵĂůů�ĂŶĚ�ůŽŶŐ�ZE�-^ĞƋ�ƉƌŽĮůŝŶŐ�ŽĨ�ƵƌŝŶĂƌǇ�ĞǆZE��
ŝŶ�ƵƌŝŶĞ�ŝŶ�Ă�ƌŽďƵƐƚ�ĂŶĚ�ƌĞƉƌŽĚƵĐŝďůĞ ŵĂŶŶĞƌ͕ �ĂŶĚ�ŚĂǀĞ�ƵƐĞĚ�ƚŚĞƐĞ�ŵĞƚŚŽĚƐ�ƚŽ�ŝĚĞŶƟĨǇ�ŵŝZE�Ɛ�ƚŚĂƚ�ŵĂǇ�ďĞ�ĚŝīĞƌĞŶƟĂůůǇ�
ĞǆƉƌĞƐƐĞĚ�ďĞƚǁĞĞŶ�ŶŽƌŵĂů�ƉƌĞŐŶĂŶĐǇ�ĂŶĚ�ƐĞǀĞƌĞ�ƉƌĞĞĐůĂŵƉƐŝĂ͘�DŽƌĞ�ƌĞƐĞĂƌĐŚ�ŝƐ�ƌĞƋƵŝƌĞĚ�ƚŽ�ŝĚĞŶƟĨǇ�ŽƉƟŵĂů�ŵĞƚŚŽĚƐ�
ŽĨ�ŶŽƌŵĂůŝǌŝŶŐ�ƵƌŝŶĂƌǇ�ǀĞƐŝĐƵůĂƌ�ĂŶĚ�ĞǆZE��ĐŽŶƚĞŶƚ�ĚƵĞ�ƚŽ�ƚŚĞ�ŝŶƚƌŝŶƐŝĐ�ǀĂƌŝĂďŝůŝƚǇ�ŽĨ�ƚŚŝƐ�ďŝŽŇƵŝĚ�ŝŶ�ŶŽƌŵĂů�ĂŶĚ�ĚŝƐĞĂƐĞĚ�
states. 
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sŝŶĂǇ dŝǁĂƌǇ 
ĞǆZE��dŚĞƌĂƉĞƵƟĐƐ�>ŝŵŝƚĞĚ 

�ĸĐĂĐǇ�ŽĨ�ĞǆZWϮϱϬ- Ă�ďŝŽůŽŐŝĐ�ŵŽůĞĐƵůĞ�ĂŐĂŝŶƐƚ�/ŵŝƋƵŝŵŽĚ-ŝŶĚƵĐĞĚ�WƐŽƌŝĂƐŝƐ�ŝŶ�
��>�ͬĐ�DŝĐĞ 
sŝŶĂǇ�<ƵŵĂƌ�dŝǁĂƌǇ͕ �^ĂƚǇĂŵ�dŝǁĂƌǇ 

WƐŽƌŝĂƐŝƐ͕�Ă�ĐŚƌŽŶŝĐ�ŝŶŇĂŵŵĂƚŽƌǇ�ƐŬŝŶ�ĚŝƐĞĂƐĞ͕�ĂīĞĐƚƐ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�Ϯ-ϯй�ŽĨ�ƚŚĞ�ŐůŽďĂů�ƉŽƉƵůĂƟŽŶ͘�/ƚ�ŝƐ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�
ĂďŶŽƌŵĂů�ŬĞƌĂƟŶŽĐǇƚĞ�ĚŝīĞƌĞŶƟĂƟŽŶ͕�ŚǇƉĞƌƉƌŽůŝĨĞƌĂƟŽŶ�ŽĨ�ƚŚĞ�ĞƉŝĚĞƌŵŝƐ͕�ĞǆĐĞƐƐ�ůĞƵŬŽĐǇƚĞ�ŝŶĮůƚƌĂƟŽŶ͕�ĂŶĚ�ƉƌŽ-
ŝŶŇĂŵŵĂƚŽƌǇ ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ͘�dŚĞ�ŝŵŝƋƵŝŵŽĚ�;/DYͿ-ŝŶĚƵĐĞĚ�ŵŽƵƐĞ�ŵŽĚĞů�ŝƐ�ǁŝĚĞůǇ�ƵƐĞĚ�ĨŽƌ�ƚĞƐƟŶŐ�ŶĞǁ�ƉƐŽƌŝĂƐŝƐ�
ĚƌƵŐƐ͘�ĞǆZWϮϱϬ�ŝƐ�ĂŶ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞ-ďĂƐĞĚ�ĚƌƵŐ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ďĂĐƚĞƌŝĂ͕�ĐŽŶƚĂŝŶŝŶŐ�ƚZE��ĨƌĂŐŵĞŶƚƐ�ǁŝƚŚ�ĂŶƟŽǆŝĚĂŶƚ͕�
ĂŶƟ-ŝŶŇĂŵŵĂƚŽƌǇ͕ �ĂŶĚ�ŝŵŵƵŶŽŵŽĚƵůĂƚŽƌǇ�ƉƌŽƉĞƌƟĞƐ͘�dŚŝƐ�ƐƚƵĚǇ�ĂŝŵƐ�ƚŽ�ŝŶǀĞƐƟŐĂƚĞ�ƚŚĞ�ĞĸĐĂĐǇ�ŽĨ�ĞǆZWϮϱϬ�ĚƌƵŐ�ŝŶ�ƚŚĞ�
/DY-ŝŶĚƵĐĞĚ�ƉƐŽƌŝĂƐŝƐ�ŵŽĚĞů�ŝŶ���>�ͬĐ�ŵŝĐĞ͘ 

DĞƚŚŽĚƐ͗ 

ϰϮ�ŵĂůĞ���>�ͬĐ�ŵŝĐĞ�ǁĞƌĞ�ĚŝǀŝĚĞĚ�ŝŶƚŽ�ƚŚĞ�ĐŽŶƚƌŽů�ŐƌŽƵƉ�;'ƌŽƵƉ�/Ϳ�ĂŶĚ�Ɛŝǆ�ĞǆƉĞƌŝŵĞŶƚĂů�ƉƐŽƌŝĂƐŝƐ�ŐƌŽƵƉƐ�;'ƌŽƵƉƐ�//�to 
s//Ϳ͘�WƐŽƌŝĂƐŝƐ�ǁĂƐ�ŝŶĚƵĐĞĚ�ŝŶ�ƚŚĞ�ĂŶŝŵĂůƐ�ŽĨ�'ƌŽƵƉƐ�//�ƚŽ�s//�ďǇ�ƚŽƉŝĐĂů�ĂƉƉůŝĐĂƟŽŶ�ŽĨ�/DY�ĐƌĞĂŵ�ĨŽƌ�ϭϰ�ĚĂǇƐ͘��ŌĞƌ�ƚŚĞ�
ĐŽŶĮƌŵĂƟŽŶ�ŽĨ�ƉƐŽƌŝĂƐŝƐ�ŵŽĚĞů͕�ĞǆZWϮϱϬ�ĚƌƵŐ�ĂůŽŶŐ�ǁŝƚŚ�ƚŚĞ�ƌĞĨĞƌĞŶĐĞ�ƐƚĂŶĚĂƌĚ�ĚƌƵŐ��ůŽďĞƚĂƐŽů�WƌŽƉŝŽŶĂƚĞ�ǁĂƐ�
ĂƉƉůŝĞĚ�ƚŽƉŝĐĂůůǇ�ƚŽ ƚŚĞ�ŵŝĐĞ�ŝŶ�'ƌŽƵƉƐ�///�ƚŽ�s/�ĨŽƌ�ϭϰ�ĚĂǇƐ͘�'ƌŽƵƉ�s//�ǁĂƐ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�ŚŝŐŚ-ĚŽƐĞ�ĞǆZWϮϱϬ�ĚƌƵŐ�ƉůƵƐ�/DY�
ĨŽƌ�ϭϰ�ĚĂǇƐ͘�W�^/�ƐĐŽƌĞ�ĂŶĚ�ĞĂƌ�ƚŚŝĐŬŶĞƐƐ�ǁĞƌĞ�ŵĞĂƐƵƌĞĚ�ĚƵƌŝŶŐ�ƚŚĞ�ƚƌĞĂƚŵĞŶƚ�ƉŚĂƐĞ͘��ƚ�ƚŚĞ�ĞŶĚ�ŽĨ�ƚŚĞ�ĞǆƉĞƌŝŵĞŶƚ͕�
ĐǇƚŽŬŝŶĞ�ůĞǀĞůƐ�ǁĞƌĞ�ŵĞĂƐƵƌĞĚ�ŝŶ�ƐĞƌƵŵ͕�ĞĂƌ�ĂŶĚ�ƐŬŝŶ�ƟƐƐƵĞ͕�ĂŶĚ�ŚŝƐƚŽƉĂƚŚŽůŽŐŝĐĂů�ĞǆĂŵŝŶĂƟŽŶ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ�ŽŶ�ĞĂƌ�
ĂŶĚ�ƐŬŝŶ�ƟƐƐƵĞ͘ 

ZĞƐƵůƚƐ͗ 

^ƉůĞĞŶ�ǁĞŝŐŚƚ�ĂŶĚ�ĞĂƌ�ƚŚŝĐŬŶĞƐƐ�ǁĞƌĞ�ƐŝŐŶŝĮĐĂŶƚůǇ�ƌĞĚƵĐĞĚ�ŝŶ�Ă�ĚŽƐĞ-ĚĞƉĞŶĚĞŶƚ�ŵĂŶŶĞƌ�ŝŶ�'ƌŽƵƉƐ�///-s�ƚƌĞĂƚĞĚ�ǁŝƚŚ�
ĞǆZWϮϱϬ�ĚƌƵŐ�ĐŽŵƉĂƌĞĚ�ƚŽ�'ƌŽƵƉ�//�;WфϬ͘ϬϬϬϭ͖�WфϬ͘ϬϬϭͿ͘�dŚĞ�W�^/�ƐĐŽƌĞ�ǁĂƐ�ƐŝŐŶŝĮĐĂŶƚůǇ�ĚĞĐƌĞĂƐĞĚ�ŝŶ�'ƌŽƵƉ�s�
;WфϬ͘ϬϬϬϭͿ�ĂŶĚ�ƉĂƌƟĂůůǇ�ĚĞĐƌĞĂƐĞĚ�ŝŶ�'ƌŽƵƉƐ�///�ĂŶĚ�/s�ĐŽŵƉĂƌĞĚ�ƚŽ�ƚŚĞ�ƌĞĨĞƌĞŶĐĞ�ĚƌƵŐ�ĂŶĚ�'ƌŽƵƉ�s/�;WфϬ͘ϬϱͿ͘��ǆZWϮϱϬ�
ĚƌƵŐ�ƐŝŐŶŝĮĐĂŶƚůǇ�ƌĞĚƵĐĞĚ�ĐǇƚŽŬŝŶĞ�ůĞǀĞůƐ�;/>-ϭϳ͕�/>-Ϯϯ͕�ĂŶĚ�dE&-ɲͿ ŝŶ�ƐĞƌƵŵ�;WфϬ͘ϬϬϬϭ͖�WфϬ͘ϬϬϭͿ�ĂŶĚ�ƐŬŝŶ�ƟƐƐƵĞ�;E&-Ŭ��
ĂŶĚ�/>-ϮϯͿ�;WфϬ͘ϬϬϭ͖�WфϬ͘ϬϱͿ�ŝŶ�Ăůů�ĚŽƐĞ�ůĞǀĞůƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�'ƌŽƵƉ�//�ĂŶĚ�s/͘�'ĞŶĞ�ĞǆƉƌĞƐƐŝŽŶ�ůĞǀĞůƐ�ŽĨ�/>-ϭϳ�͕�/>-ϭϬ͕�d>Z-ϵ͕�
E&-Ŭ�͕�ĂŶĚ�/E&-'�ǁĞƌĞ�ĂůƐŽ�ƐŝŐŶŝĮĐĂŶƚůǇ�ƌĞĚƵĐĞĚ�ŝŶ�ƚŚĞ�ĞǆZWϮϱϬ-ƚƌĞĂƚĞĚ�ŐƌŽƵƉƐ ĐŽŵƉĂƌĞĚ�ƚŽ�'ƌŽƵƉ�//͕�s/͕�ĂŶĚ�s//͘�
,ŝƐƚŽƉĂƚŚŽůŽŐŝĐĂů�ĂŶĂůǇƐŝƐ�ƐŚŽǁĞĚ�ĂŶ�ŝŵƉƌŽǀĞŵĞŶƚ�ŝŶ�Ăůů�ĚŽƐĞƐ�ŽĨ�ĞǆZWϮϱϬ-ƚƌĞĂƚĞĚ�ŐƌŽƵƉƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�'ƌŽƵƉ�//�ĂŶĚ�s/͘ 
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