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1. Innovative Systems to Reduce Cost of Cell-based Therapies
Vittorio Sebastiano1,2,3,4, Andre Levchenko5,6, David DiGiusto7, Richard Foster8, James Hogan8, Paul Bulai8, Clara 
Chow8, Mick O’Brien8, Paul Molchanov8, Victor Boksha*
1 Stanford Medicine, 2 Human Pluripotent Stem Cells Core Facility, 3 Stanford Institute for Stem Cell Biology & Regenerative Medicine, 4 Stanford Cancer 

Institute, 5 Yale Systems Biology Institute, 6 Cancer Systems Biology@Yale, 7 Semma Therapeutics , 8 NeuroSyntekPharma

In collaboration with Stanford Medicine & Yale System Biology, NeuroSyntekPharma presents the latest results from our 
advanced bioprocessing system. By integrating personalized pharma platform into therapies formulations - it provides 
integration, unification, and cost reduction of cell processing pharma pipelines.

Cell-based therapies are very sensitive to their environment and display intrinsic variability with potential side-
effects. That has resulted in tremendous costs of manufacturing and treatments. NeuroSyntekPharma CellOptimiser 
and CellDiagnostic systems reduce variability, enhance efficacy and minimize side effects. Our high-performance 
bioprocessing platforms aimed at integration, unification, and cost reduction of the cell processing pipelines.

CellOptimiser is a system for large-scale, high-throughput parallel sorting of multiplicity of adherent and non-adherent 
cells. It is equipped with a fluorescence assisted cell culture sorting system that simultaneously measures optical 
properties and processes biological cells non-invasively, with ultra-high speed and precision. Adherent cells are sorted in-
situ with 99% viability, without laborious steps of culture detachment. The system operates with own sterile, disposable 
cartridges - without setup and calibration steps.

The CellDiagnostic system is a high-throughput testing-prognostic platform for tuning of personal therapies. It combines 
extracellular sensors with micro-chemically engineered surface properties to study drug-specific responses of cells from 
patient biopsies. Adaptable to arbitrary cell-derived structures, organotypic or dissociated cells. Cells can be observed 
with electrical stimuli (also with micro-structured and chemically defined surface coatings) through the embedded 
optical system with integrated luminescence visualization. CellDiagnostic is an automated device - specifically targeting 
massive pipeline pharmacological applications.* Contact: Dr.Victor V.Boksha / vboksha@alum.mit.edu / cell: 650.823.6704

2. Step-Change Improvement in ADMET Prediction with PotentialNet Deep Featurization
Evan N. Feinberg1,2,3, Robert Sheridan2, Elizabeth Joshi2, Vijay Pande1, Alan Cheng2

1 Stanford University, 2 Merck & Co., Inc., 3 Genesis Therapeutics, Inc.

The arc of drug discovery entails a multiparameter optimization problem spanning vast length scales. The key parameters 
range from solubility (angstroms) to protein-ligand binding (nanometers) to in vivo toxicity (meters). Through feature 
learning---instead of feature engineering---deep neural networks promise to outperform both traditional physics-based 
and knowledge-based machine learning models for predicting molecular properties pertinent to drug discovery. To this 
end, we present the PotentialNet family of graph convolutions. These models are specifically designed for and achieve 
state-of-the-art performance for protein-ligand binding affinity. 

In addition, We report a step-change improvement in computational ADMET prediction. Specifically, the PotentialNet 
family of graph convolutions achieved an 62% improvement over Random Forests by measure of R^2 across thirty-three 
datasets. The Absorption, Distribution, Metabolism, Elimination, and Toxicity (ADME-Tox) properties of drug candidates 
are estimated to account for up to 50% of all clinical trial failures. Predicting ADMET properties has therefore been of 
great interest to the cheminformatics community in recent decades. By applying graph convolutions to this explicitly 
molecular representation, we achieve unprecedented accuracy in prediction of ADMET. By challenging our methodology 
with difficult cross-validation procedures, we show that deep featurization better enables molecular predictors to not 
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only interpolate, but to extrapolate to new regions of chemical space. Finally, we validate our model predictions with 
prospective experiments. PotentialNet paper was recently published in ACS Central Science http://dx.doi.org/10.1021/
acscentsci.8b00507.

3. Comparative Genome-Wide CRISPR Screens in Lung Cancer Spheroids Identify 3D Growth Specific 
Cancer Vulnerabilities
Kyuho Han1, Sarah Pierce1,3, Amy Li1, Grace Anderson1, Kaitlyn Spees1, Jose A. Seoane1, Kaja Kostyrko4, Mark 
Kelly3, Peter Jackson3, Alejandro Sweet-Cordero4, Christina Curtis1,5, Monte Winslow1,3, Michael C. Bassik1,2

1 Dept of Genetics, Stanford, 2 Chemistry, Engineering, & Medicine for Human Health (ChEM-H) Stanford,  3 Program in Cancer Biology, Stanford,  4 Dept of 
Cellular and Molecular Pharmacology, UCSF, 5 Dept of Medicine, Stanford

Cancer is defined as uncontrolled 3D growth of cells driven by multiple mutations. Although numerous cancer genomics 
studies have revealed candidate drivers, it remains challenging to assign causality across diverse cancers. Here 
we devised a highly scalable cancer spheroid model and performed genome-wide CRISPR screens both in 2D- and 
3D-growing lung cancers. We found CRISPR-phenotypes of 3D accurately recapitulate those of in vivo tumor. Importantly, 
hits that show differential sensitivities between 2D and 3D are most strongly enriched with significant mutations in 
lung cancers. Further analysis on enriched co-essential interactomes in the top hits identified many known and novel 
candidate drivers for cancer 3D growth. Importantly, these newly identified drivers include a novel enzyme that is 
responsible for c-terminal trimming of IGF1R, totally unreported process which found to be critical for the maximal 
receptor activity. We thus provide a novel strategy that exploits CRISPR in cancer spheroids to systematically and scalably 
investigate cancer vulnerabilities for targeted therapeutics.

4. Targeted Diversification Via dCas9 Mediated Base Editing
Gaelen T. Hess1, Laure Frésard1, Kyuho Han1, Cameron H. Lee1, Amy Li1, Karlene A. Cimprich1, Stephen B. 
Montgomery1, and Michael C. Bassik1

1 Stanford University

Engineering and study of protein function by directed evolution has been limited by the technical requirement to use 
global mutagenesis or introduce DNA libraries. The recent development of CRISPR/Cas9 base editing technology has 
allowed for targeted mutagenesis at endogenous loci.  We recently developed a strategy to repurpose the somatic 
hypermutation machinery used in antibody affinity maturation to efficiently perform protein engineering in situ. Using 
catalytically inactive Cas9 (dCas9) to recruit variants of the deaminase AID (CRISPR-X), we can specifically mutagenize 
endogenous targets with limited off-target damage. This generates diverse libraries of localized point mutations, in 
contrast to insertions and deletions created by active Cas9, and can be used to mutagenize multiple genomic locations 
simultaneously. With this technology, we mutagenized GFP and selected for spectrum-shifted variants, including EGFP. 
In addition, we mutagenized the target of the cancer therapeutic bortezomib, PSMB5, and identified known and novel 
mutations that confer resistance to treatment.  More recently, we have investigated new modifications of the deaminase 
and alternative recruitment methods to improve the editing efficiency and targeting window of CRISPR-X systems. We 
have now demonstrated this technology is a powerful tool to investigate drug-protein interactions and mechanisms of 
resistance for a number of novel chemotherapeutics.

5. Exosomal miR-106a-363 Cluster Promotes Endogenous Myocardial Repair the Ischemic Heart Injury
Ji-Hye Jung1,2, Yuko Tada1,2, Daniel von Bornstädt3, Siyeon Rhee4, Young-Jun Jeon5, Christine Wahlquist2, Anthony 
C. Yu6, Michelle Santoso1, Connor O’Brien1, Kristy Red-Horse4, Eric A. Appel6, Mark Mercola2, Joseph Woo3 and 
Phillip C. Yang1,2

1Department of Medicine, Division of Cardiovascular Medicine, Stanford, 2Stanford Cardiovascular Institute, 3Department of Cardiothoracic Surgery, Stanford , 
4Department of Biology, Stanford, 5Stanford Cancer Institute, 6Department of Materials Science and Engineering, Stanford

Aims: Recent evidence indicates that the exosomes are a crucial regulator of endogenous cardiac self-repair and 
homeostasis. Here, we investigated the molecular mechanism underlying the exosome-induced cardiac self-repair.

Methods and Results: We generated human iCM-derived exosome from the iCMs exposed to hypoxic (hEx) and normoxic 
condition (nEx). The hypoxia-injured iCMs treated with the hEx treatment group markedly improved the iCM survival 
rate compared to the control group. We administered exosomes (4 x 108 particles/mice) into the PIR of mouse heart after 
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acute myocardial injury (MI). Left ventricular ejection fraction (LVEF) increased significantly at week-2 and -4 in hEx group 
when compared to the control and nEx groups. The microarray analysis of the exosomal miRNAs revealed significantly 
increased expression of the miR-106a-363 cluster in the hEx than the nEx. We observed significant anti-ischemic effects 
of this miR-106a-363 cluster confirmed by flow cytometry and MTT assay, suggesting that the exosomal miR-106a-363 
cluster attenuates apoptosis and reduces oxidative stress of the hypoxia-injured iCMs. Significant improvement in LVEF 
and LV remodeling of miR cluster treatment group at week 4 was observed when compared to the control miR treatment 
group. RNA-Seq analysis revealed that the Notch3 is a direct target of miR cluster and the suppression of Notch3 by both 
miR cluster and corresponding siRNA preserves iCM viability after hypoxia damages. 

Conclusions: In conclusion, the exosomes and their miR-106a-363 cluster released from the damaged iCMs activates 
homeostatic self-repair of the damaged myocardium. E-mail: phillip@stanford.edu

6. P2X5 Purinergic Receptor: A Novel Regulator of Human Cardiac Progenitor Cell Proliferation and 
Survival
Waqas Kayani1, Bingyan Wang1, Kelli Korski1, Alexander Stavropoulos1, Mark Sussman1, Farid Khalafalla1, 2

1 Department of Biology, San Diego State University, 2 Department of Pharmaceutical & Biomedical Sciences, California Health Sciences University

Heart failure (HF) is a leading cause of death due to limited regenerative capacity of adult mammalian heart following 
injury. Autologous cardiac progenitor cell (hCPC) therapy holds promise for promoting heart regeneration. However, 
hCPCs derived from aged HF patients with various comorbidities exhibit poor growth, survival, and communication with 
extracellular environment that could impair detecting extracellular stress signals and initiating appropriate regenerative 
responses post-injury. This study explores the physiological responses mediated by purinergic receptors that primarily 
detect extracellular nucleotides released during injury/stress, with a focus on P2X5 receptor (P2X5R) activated by 
extracellular ATP. ATP is a potent stimulant of hematopoietic stem cell proliferation and migration, mesenchymal stem 
cell differentiation, and embryonic stem cell cardiomyogenesis. Despite studying a variety of ATP receptors in stem/
progenitor cells, the roles of P2X5R have not been explored.

hCPCs derived from multiple HF patients exhibit varying growth kinetics and senescence levels. Preliminary results 
demonstrate that P2X5R is upregulated in hCPCs with faster growth rates and lower levels of senescence markers 
compared to slow-growing hCPCs. Knocking down P2X5R impairs hCPC proliferation and survival under oxidative stress 
along with decreasing the activation of ERK, a canonical pro-proliferation/pro-survival signalling molecule. Assessing 
the impact of P2X5R knockdown upon hCPC senescence and secretion of cardioprotective paracrine factors is underway. 
In addition, the effect of augmenting P2X5R expression on antagonizing hCPC senescence, stimulating proliferation, 
survival, and protective paracrine effects on co-cultured cardiomyocytes will be tested. In vitro findings will be extended 
in vivo to assess whether P2X5R overexpression in hCPCs enhances their reparative potential for injured mouse 
myocardium.

Overall, this study extends our recently published reports that highlight the impact of overexpressing select purinergic 
receptors upon rejuvenating aged hCPCs and enhancing their functional responses, introducing a novel interventional 
strategy to improve the therapeutic outcomes of hCPCs in HF patients.

7. Macrophages Are the Predominant Collagen-Producing Cells During the Human Foreign Body 
Response
Britta A. Kuehlmann MD, PhD, Clark Andrew Bonham, Geoffrey C. Gurtner C. Gurtner MD, FACS
Department of Surgery, Stanford

PURPOSE – Implants stimulate collagen deposition resulting in a fibrotic capsule. The most common complication 
following breast implants is capsular fibrosis(CF).  We analyze fibrotic human samples and use animal models to clarify 
the mechanisms underlying this fibrotic process.

METHODS – We have established the largest tissue bank worldwide for breast capsular tissues. Using RNA analysis with 
a 2,559-gene probeset, the gene expression from 40 patients was analyzed. 20 patients expressing the mildest form of CF 
(BakerI) were compared to 20 human samples of the most severe form of CF (BakerIV). To recreate CF within an animal 
model, implants were placed in Bl6-mice. Cells from the capsule were isolated&characterized by FACS, qPCR and single-
cell RNA sequencing to determine the genetic profiles of those most responsible for fibrotic development. 

RESULTS – 1,543 genes were upregulated and 1,016 were downregulated in BakerIV vs BakerI. Genes regulating 
macrophage activation and macrophage surface markers were among the most highly expressed in BakerIV. Further, 
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we used vav-reporter-mice for lineage tracking. Here we observed the recruitment of mainly immune cells in fibrotic 
tissue development and identified the presence of cells with distinct characteristics of macrophages, confirming their 
existence within the chronology of CF. In the murine capsules of Bl6-mice we found the predominant cells were myeloid 
cells, not fibroblasts. Using FACS, we confirmed that these macrophages produce ECM at the protein level with >80% of 
macrophages expressing collagen1. 

CONCLUSIONS – For the first time, we demonstrate that collagen-depositing macrophages are responsible for CF by 
analyzing patient samples and murine models. Our findings have promising implications for the treatment of CF.

8. Controlling CAR-T Function with an FDA-approved Small Molecule
Louai Labanieh1, Robbie G. Majzner2, Johanna L. Theruvath2, Elena Sotillo2, Peng Xu2, Jennifer R. Cochran1, 
Crystal L. Mackall2,3

1Department of Bioengineering, Stanford University; 2Department of Pediatrics, Stanford University School of Medicine; 3Stanford Cancer Institute

T cells engineered with chimeric antigen receptors (CARs) specific for tumor antigens have a remarkable ability to target 
and kill tumor cells. CAR-T cells have shown unprecedented success in treating aggressive hematologic cancers, in 
patients who were refractory to standard therapies. Unfortunately, the potency of this therapy often results in severe side 
effects such as cytokine release syndrome and neurotoxicity. Moreover, targeting solid tumors can result in on-target, 
off-tumor effects due to expression of the targeted-antigens on essential healthy tissues. Current safety modules, such 
as suicide switches, allow for ablating the CAR-T cells in the case of adverse events. These, however, result in irreversible 
termination of the therapy. There remains a critical need to develop reversible systems to control CAR-T cells and reduce 
toxicity.

Current reversible systems, such as inducible expression systems, suffer from “leaky” background activity and a limited 
dynamic range of receptor expression levels. To overcome these limitations, we have developed and incorporated robust, 
drug-regulatable domains for controlling CAR-T cell function. These systems allow for CAR activity to be tightly tuned 
using a well-tolerated, FDA-approved drug. We have shown that this system can control CAR-T effector functions (i.e. 
killing capacity and cytokine secretion) against multiple tumor lines and target antigens in vitro. We also demonstrate 
robust control of CAR-T-mediated tumor clearance in hematologic and solid tumor models in mice. Such systems allow 
for precise and reversible control of T cell effector functions and have potential for enhancing the safety and optimizing 
the pharmacokinetics of this revolutionary therapy.

9. Identifying the Transcriptome Signature of Calcium Channel Blocker in Human Induced Pluripotent 
Stem Cell-Derived Cardiomyocytes
Chi Keung Lam, Lei Tian, Nadjet Belbachir, Alexa Wnorowski, Rajani Shrestha, Ning Ma, Tomoya Kitani, June Wha 
Rhee, Joseph C. Wu
Stanford Cardiovascular Institute; Department of Surgery; Department of Cardiothoracic Surgery. Stanford University, Stanford, CA

Calcium channel blockers (CCBs) are important in treating cardiovascular diseases and the acute pharmacological 
actions of CCBs in the hearts have been extensively studied. However, we lack the knowledge of the drug-specific effect 
on human cardiomyocyte transcriptome and potential physiological change after long-term exposure as patients are 
usually prescribed with these medications for their lifetime after diagnosis. Thus, we aimed to simulate chronic CCB 
treatment in human cardiomyocytes and subsequently examine both the functional and transcriptomic alterations. 
We differentiated cardiomyocytes from three human induced pluripotent stem cell (iPSC) lines and exposed them to 
four different CCBs—nifedipine, amlodipine, diltiazem, and verapamil—at their physiological serum concentrations 
for two weeks. Without inducing cell death and damage to myofilament structure, CCBs elicited line specific inhibition 
on calcium kinetics and contractility. While all four CCBs exerted comparable inhibition on calcium kinetics, verapamil 
applied the strongest inhibition on cardiomyocyte contractile function. By examining cardiomyocyte transcriptome after 
treatment, we identified little overlap in their transcriptome signatures. Verapamil is the only inhibitor that reduced the 
expression of contraction related genes, such as myosin heavy chain and troponin I, consistent with its depressive effects 
on contractile function. Moreover, the alterations in these gene may help explain how HCM patients respond to verapamil 
in relieving outflow tract obstruction. In conclusion, we identified the distinct transcriptome signatures of different CCBs 
in human cardiomyocytes, suggesting that although the four inhibitors act on the same target, they may have distinct 
effects on normal cardiac cell physiology. The application of iPSC platform and transcriptomic findings may allow us to 
identify responders to verapamil treatment.
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10. Proteomics Approach to Identify Cardiomyocyte-Fibroblast Crosstalk Signals in iPSC Models
Edward Lau, Mark Chandy, Damon Williams, Rajani Shrestha, June Rhee, Joseph Wu
Stanford Cardiovascular Institute

Cardiac cells communicate with each other in part through secreted proteins known as cardiokines. The total repertoire 
of proteins secreted by cardiac cells is unknown. We aim to apply human iPSC models and proteomics to identify secreted 
proteins and the crosstalk signals they mediate.

We optimized an experimental protocol to recover and identify cell-specific secreted proteins from human iPSC-cardiac 
cells. Human iPSCs were differentiated into cardiomyocyte (CM) and endothelial cells (EC) using established protocols, 
after which secreted proteins were extracted from the conditioned medium for analysis. We combined multiplexed 
aptamer-based proteomics and high-resolution mass spectrometry to identify secreted proteins from iPSC-CM, iPSC-ECs, 
and primary ventricular fibroblasts. An in-silico filter was implemented to prioritize bona fide cardiokines over proteins 
externalized by passive lysis. 

We identified 146 candidate cardiokines at 1% FDR, including cell-specific cardiokines and common core secretome of 
three cardiac cells. We analyzed the data to identify potential signals secreted by cardiomyocytes to mediate fibroblast 
function, using a ligand-receptor model based on transcriptomics and proteomics data to prioritize cardiokines secreted 
by iPSC-CMs and which bind to fibroblast-expressed receptors. To examine their roles in fibrosis regulation, we selected 
three candidates for verification and exposed their recombinant proteins at multiple concentrations to ventricular 
fibroblasts. The results nominated cardiokine-specific effects on recipient cell gene expression. 

We demonstrate a proteomics approach in iPSC models to explore the large-scale human secretome of multiple cardiac 
cell types. The approach holds promise for identifying disease markers and understanding intercellular communication in 
cardiac development and diseases.

11. Next Generation Molecular Visualization, Collaboration, and Design.
Edgardo Leija
Molecular visualization techniques have been used in the process of protein engineering to help facilitate understanding 
of ligand binding sites and structural components of macromolecules. They are often viewed on 2D mediums, or aided 
with 2.5D stereo glasses. Although many interfaces have proven beneficial to structural biologists and bioengineers, they 
often do not portray enough information to the end users to efficiently analyze the results. 

We propose a new interface for protein data sets that dramatically increases structural comprehension of proteins, small 
molecules and macromolecules. The proposed system utilizes virtual reality (VR) hardware to receive input from the user.

People are able to collaborate in the same virtual environment regardless of whether they are in the same physical 
space to demonstrate proposals that would be better understood in 3D, for example, to compare before and after results 
of a modified molecular structure more effectively. Scientists can reduce the time required to thoroughly understand 
the spatial and structural properties of a protein. Furthermore, the ease of use of our VR application not only increases 
the rate of idea generation, but also idea validation. We compared group performance of information sharing during 
collaborative VR sessions and show that VR achieves a higher quality collaborative work environment. Immersive 
collaboration has not been possible in this way until now. We’re elevating the engagement and comprehension during 
collaborative protein engineering and macromolecular visualization/exploration to a whole new level.

12. Leveraging Fluorescence Imaging to Assess Antibody Delivery in Head and Neck Cancers - A First-In-
Human Experience
Guolan Lu1, Shayan Fakurnejad2, Brock A. Martin3, Nynke S. van den Berg1, Stan van, Keulen1,4, Ashley Zhu1, 
Stefania Ursu Chirita1, Quan Zhou1, Rebecca Gao2, Christina S. Kong3, Alexander D. Colevas5, Eben L. Rosenthal1

1Department of Otolaryngology – Head and Neck Surgery, Stanford, 2Stanford University School of Medicine, 3Department of Pathology, Stanford, 
4Department of Oral and Maxillofacial Surgery, Amsterdam University Medical Center, De, 4Department of Medicine, Division of Oncology, Stanford 

Targeted therapy with monoclonal antibodies has the potential to dramatically improve survival in cancer patients. 
However, non-uniform antibody distribution may lead to ineffective treatment and acquired resistance, thus limiting 
the therapeutic efficacy. So far, clinically relevant information about intratumoral antibody concentration and spatial 
distribution remains unknown, and the underlying biological mechanisms remain poorly understood, mostly owing to 
the difficulty in direct measurement of antibody delivery in patient tumors and the lack of cancer models that faithfully 
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recapitulate human tumor microenvironment. There is an emerging need to more fully understand the heterogeneity 
of antibody distribution in order to identify patients with higher predisposition to antibody accumulation, and in turn, 
efficacy. In this study, we, for the first time, leveraged an antibody-dye bioconjugate (panitumumab- IRDye800) in a 
clinical trial to investigate the uptake and distribution of a therapeutic antibody in primary and metastatic lesions in 
relation to varying dosage and pathological features of the tumor. We assessed the influence of dosing on antibody 
delivery by analyzing how varying subtherapeutic doses changed the uptake and distribution of antibodies in both 
primary and metastatic lymph nodes. Furthermore, we quantified the morphological complexity of EGFR-positive 
tumor, vasculature, collagen, and alpha-SMA and identified their correlation with antibody distribution. The proposed 
clinical protocols and quantification method can be applied to other therapeutic antibodies to inform the design of 
more effective therapeutic strategies and selection of patients most likely to respond to targeted therapies. Email: elr@
stanford.edu.

13. Structural Insights into Binding Specificity, Efficacy and Bias of Salmeterol, a Long-Acting β2 
Adrenergic Receptor Agonist
Matthieu Masureel1, Yaozhong Zou1, Louis-Philippe Picard2, Emma van der Westhuizen2, Jacob P. Mahoney3, 
João P.G.L.M. Rodrigues1,4,5, Thomas J. Mildorf6, Ron O. Dror6, David E. Shaw6,7, Michel Bouvier2, Els Pardon8,9, Jan 
Steyaert8,9, Roger K. Sunahara10, William I. Weis1,5, Cheng Zhang11, Brian K. Kobilka1

1Department of Molecular and Cellular Physiology, Stanford, 2Department of Biochemistry, Institute for Research in Immunology and Cancer, Université de 
Montreal, 3Department of Pharmacology, University of Michigan, Ann Arbor, 4Department of Computer Science, Stanford, 5Department of Structural Biology, 
Stanford, 6 D. E. Shaw Research, New York, 7Department of Biochemistry and Molecular Biophysics, Columbia University, 8Structural Biology Brussels, Vrije 
Universiteit Brussel, Belgium, 9Structural Biology Research Center, VIB, Brussels, Belgium. 10 Department of Pharmacology, University of California San Diego 
School of Medicine, 11Department of Pharmacology and Chemical Biology, University of Pittsburgh 

Salmeterol is a partial agonist for the β2 adrenergic receptor (β2AR) and the first long-acting β2AR agonist to be widely 
used clinically for the treatment of asthma and chronic obstructive pulmonary disease. Salmeterol’s safety and 
mechanism of action have both been controversial. To understand its unusual pharmacological action and partial 
agonism, we obtained the crystal structure of salmeterol-bound β2AR in complex with an active-state-stabilizing 
nanobody. The structure reveals the location of the salmeterol exosite, where sequence differences between β1AR and 
β2AR explain the high receptor-subtype selectivity. A structural comparison with the β2AR bound to the full agonist 
epinephrine reveals differences in the hydrogen-bond network involving residues Ser204 and Asn293. Mutagenesis and 
biophysical studies suggested that these interactions lead to a distinct active-state conformation that is responsible 
for the partial efficacy of G-protein activation and the limited β-arrestin recruitment for salmeterol. chengzh@pitt.edu, 
kobilka@stanford.edu

14. Next Generation Molecular Visualization, Collaboration, and Design
Steven McCloskey
Molecular visualization techniques have been used in the process of protein engineering to help facilitate understanding 
of ligand binding sites and structural components of macromolecules. They are often viewed on 2D mediums, or aided 
with 2.5D stereo glasses. Although many interfaces have proven beneficial to structural biologists and bioengineers, they 
often do not portray enough information to the end users to efficiently analyze the results. 

We propose a new interface for protein data sets that dramatically increases structural comprehension of proteins, small 
molecules and macromolecules. The proposed system utilizes virtual reality (VR) hardware to receive input from the user.

People are able to collaborate in the same virtual environment regardless of whether they are in the same physical 
space to demonstrate proposals that would be better understood in 3D, for example, to compare before and after results 
of a modified molecular structure more effectively. Scientists can reduce the time required to thoroughly understand 
the spatial and structural properties of a protein. Furthermore, the ease of use of our VR application not only increases 
the rate of idea generation, but also idea validation. We compared group performance of information sharing during 
collaborative VR sessions and show that VR achieves a higher quality collaborative work environment. Immersive 
collaboration has not been possible in this way until now. We’re elevating the engagement and comprehension during 
collaborative protein engineering and macromolecular visualization/exploration to a whole new level.
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15. HAT1 Inhibition: Targeting A Key Sensor In Histone Acetylation
Joshua J. Gruber1,2, Benjamin Geller1, Andrew M. Lipchik1, Justin Chen1, Ashwin N. Ram1, James M. Ford1,2, Amith 
Vikram Rangarajan2 , Michael P. Snyder2

1Department of Medicine, Oncology Division, 2Department of Genetics, Stanford School of Medicine

The EGF pathway is frequently deregulated in human tumors and therefore downstream effectors of this pathway may be 
important new targets for anti-cancer therapy. We have identified histone acetyltransferase 1 (HAT1) as a novel effector 
of the EGF pathway that coordinates cell division with nutrient metabolism. We hypothesize that chemical inhibitors 
of HAT1 acetyltransferase activity will have broad use for anti-cancer purposes. This hypothesis is supported by our 
preliminary data that HAT1 is required for tumor growth in three preclinical cancer models and elevated HAT1 levels are 
associated with poor outcomes in six other human malignancies. Mechanistically, our data established a novel role for 
HAT1 as an acetyl-CoA sensor that depends on cytoplasmic pools of acetyl-CoA derived from glucose metabolism to drive 
epigenetic reactions.

Our project has two aims to (1) identify small molecules that inhibit the enzymatic activity of HAT1 and (2) establish 
the spectrum of tumor types dependent on HAT1. Our mechanistic understanding of HAT1 has allowed us to design 
novel assays to quantitatively measure HAT1 acetyltransferase activity with high sensitivity and specificity in enzymatic 
reactions, epigenetic assays and animal models. First, these assays will be used to validate our virtual screen of 
compounds with potential HAT1 inhibitory activity. Next, we will characterize the spectrum of human malignancies that 
depend on HAT1 for in vivo tumor growth. In summary, this proposal will establish HAT1 as a broad anti-cancer target and 
isolate first-in-class chemical structures with HAT1 inhibitory activity to lay the framework for therapeutic development.

16. Ebselen, a Divalent Metal Transporter 1 Inhibitor, Effectively Blocks Iron Entry to Human iPSC-
Derived Cardiomyocytes and Prevents Iron-Overload Cardiotoxicity
June-Wha Rhee1,2*, Hyoju Yi1,2*, Chi Keung Lam1,2, Nadjet Belbachir1,2, Lei Tian1,2, Dilip Thomas1,2, Edward Lau1,2, 
David Paik1,2, Youngkyun Kim1,2, Karim Sallam1,2, Beatrice SeungHye Choi1,2, Nazish Sayed1,2, Joseph C. Wu1,2,3

1Stanford Cardiovascular Institute, 2Department of Medicine, Division of Cardiology, Stanford Medicine, 3Department of Radiology, Stanford Medicine

Rationale: Excessive iron accumulation in the heart causes iron overload cardiomyopathy (IOC) which presents as 
early diastolic dysfunction and arrhythmia but progresses to systolic dysfunction and end-stage heart failure when left 
untreated. The mechanisms of iron-related cardiac injury and how iron accumulates in human cardiomyocytes are 
unknown.

Objective: Using induced pluripotent stem cell-derived cardiomyocytes (iPSC-CMs), we modelled IOC and investigated the 
underlying mechanisms responsible for IOC-induced diastolic dysfunction and arrhythmias. Moreover, we screened for 
drugs that could rescue the observed iron-overload phenotype in iPSC-CMs.

Methods and Results: Three human iPSC lines were differentiated into beating iPSC-CMs and subjected to excessive iron 
treatment. Upon exposure, we found that cytosolic labile iron accumulated in the iPSC-CMs in a concentration- and time-
dependent manner, with evidence of mitochondrial iron accumulation and condensation. Moreover, this accumulation 
correlated with a significant increase in the production of reactive oxygen species. Characterization of these iPSC-CMs 
showed arrhythmic potential and electrophysiological studies revealed a progressive increase in the action potential 
duration (APD) with evidence of early afterdepolarization. Furthermore, iron-overloaded iPSC-CMs exhibited abnormal 
calcium kinetics. RNAseq and proteomic analyses showed altered transcriptomic and proteomic profiles, yet no 
significant changes were noted in calcium handling genes suggesting iron-mediated post-translational modification. 
When cardiomyocytes were co-treated with Ebselen, a divalent metal transporter 1 (DMT-1) inhibitor, cells exhibited 
significantly decreased iron uptake with normalized APD as well as calcium kinetics. 

Conclusions: Human iPSC-CMs under excess iron exposure recapitulate early-stage IOC phenotypes including 
mitochondrial dysfunction, arrhythmia, and relaxation abnormalities. We found that altered calcium kinetics by iron 
play a critical role in the observed phenotypes. We identified DMT-1 as a major entry channel of the free iron for human 
cardiomyocytes whereas the inhibition of DMT-1 rescued the disease phenotypes. These results suggest that DMT1 
inhibitor may be a potential therapy for treating patients with secondary iron overload to prevent IOC. 
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17. Drug Discovery Center at UC Berkeley
Julia Schaletzky, Eddie Wehri 
CEND, UC Berkeley

The poster will present the capabilities of the new Drug Discovery Center at UC Berkeley and the resources available 
to the Academic and Industry community – including assay development, automation, state of the art small molecule 
screening, support of hit-to-lead and lead optimization and proof-of-concept studies.

18. Hypertrophic Cardiomyopathy Mutations with Opposite Effects on ß-myosin Biomechanics show 
Similar Structural and Biomechanical Phenotypes in Human Induced Pluripotent Stem Cell Derived 
Cardiomyocytes (hiPSC-CMs)
Alison Schroer, Kristina Kooiker, Gwanghyun Jung, Sara Ranjbarvaziri, Arjun Adhikari, Linda Song, Chao Lui, 
Kathleen Ruppel, Sean Wu, Beth Pruitt, James Spudich, Daniel Bernstein
Introduction: Hypertrophic cardiomyopathy (βHCM) is the most prevalent heritable cardiovascular disease, commonly 
caused by mutations in beta cardiac myosin heavy chain (βMYH). We have measured the kinetics of isolated myosin 
proteins with different HCM mutations in βMYH and found intriguing heterogeneity in kinetics and force production. How 
divergent molecular alterations converge to the final HCM phenotype - hypercontractility and cellular hypertrophy - is 
still unknown. hiPSC-CMs provide a powerful tool for studying human cardiomyocyte biology including contractility, 
hypertrophic growth, and intracellular organization, but are limited by immature phenotypes and population 
heterogeneity in traditional culture environments. 

Methods and Results: Using CRISPR/Cas-9 gene editing in an isogenic hiPSC line, we created hiPSCs with two different 
βMYH mutations (P710R and D239N) that result in opposite effects on force at the molecular level, using in vitro motility 
and laser trap methods. Cell morphology was quantified by both fluorescence and transmission electron microscopy (EM) 
and force generation measured by traction force microscopy on engineered micropatterned platforms. Despite having 
opposite effects at the single molecule level, both HCM lines showed increased contractile force and cellular hypertrophy 
compared to isogenic controls. Immunostaining forβMYH and EM revealed organizational and microstructural changes 
including sarcomere and myofibrillar disarray, and thickened z-discs in cells containing these mutations. Both mutations 
had alterations in AMPK, MAPK, and calcineurin signaling shown to regulate hypertrophy. 

Discussion: Divergent biomechanical alterations due to HCM mutations at the single molecule level lead to common 
cellular-level structural and biomechanical phenotypes through activation of common signaling pathways.

19. Components of Genetic Associations Across 2,138 Phenotypes in the UK Biobank Highlight Novel 
Adipocyte Biology
Yosuke Tanigawa1*, Jiehan Li2,3*, Johanne Marie Justesen1,2,4, Heiko Horn5,6, Matthew Aguirre1,7, Christopher 
DeBoever1,8, Chris Chang9, Balasubramanian Narasimhan1,10, Kasper Lage5,6,11, Trevor Hastie1,10, Chong Yon Park2, 
Gill Bejerano1,7,12,13, Erik Ingelsson2,3*+, Manuel A. Rivas1*+

1 Department of Biomedical Data Science, Stanford Medicine, 2 Department of Medicine, Division of Cardiovascular Medicine, Stanford, 3 Stanford 
Cardiovascular Institute , 4 Novo Nordisk Foundation Center for Basic Metabolic Research, Faculty of Health and Medical Sciences, University of Copenhagen, 
Denmark, 5 Department of Surgery, Mass General Hospital, Harvard, 6 Broad Institute, 7 Department of Pediatrics, Stanford University School of Medicine, 8 
Department of Genetics, Stanford, 9 Grail, Inc., Menlo Park, CA, 10 Department of Statistics, Stanford, 11 Institute for Biological Psychiatry, Mental Health Center 
Sct. Hans, University of Copenhagen, Roskilde, Denmark, 12 Department of Developmental Biology, Stanford, 13 Department of Computer Science, Stanford

Population-based biobanks with genomic and dense phenotype data provide opportunities for generating effective 
therapeutic hypotheses and understanding the genomic role in disease predisposition. To characterize latent 
components of genetic associations, we applied truncated singular value decomposition (DeGAs) to matrices of summary 
statistics derived from genome-wide association analyses across 2,138 phenotypes measured in 337,199 White British 
individuals in the UK Biobank study. We systematically identified key components of genetic associations and the 
contributions of variants, genes, and phenotypes to each component. As an illustration of the utility of the approach to 
inform downstream experiments, we report putative loss of function variants, rs114285050 (GPR151) and rs150090666 
(PDE3B), that substantially contribute to obesity-related traits, and experimentally demonstrate the role of these genes in 
adipocyte biology. Our approach to dissect components of genetic associations across human phenome will accelerate 
biomedical hypothesis generation by providing insights on previously unexplored latent structures. (bioRxiv preprint: 
https://doi.org/10.1101/442715).

https://doi.org/10.1101/442715
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20. Biomimetic Adipose Stem Cell Therapy for Skin Regeneration
Artem Trotsyuk, Sun Hyung Kwon, Clark Andrew Bonham, Melanie Rodrigues, Paul Mittermiller, Jayakumar 
Rajadas, Mohammed Inayathullah, Geoffrey Gurtner
Division of Plastic Surgery, Department of Surgery, Stanford University School of Medicine, Stanford, CA, Biomaterials and Advanced Drug Delivery Center, 
Stanford University, Stanford, CA

Background: Burns have important functional and psychosocial implications for patients. Decades of wound healing 
research have demonstrated a critical window within the first 24 hours after wounding during which there is a “switch” 
from scarless wound healing to scarring. Recently, cell-based therapies have been proposed as an option for improving 
healing and reducing scar formation in burn wounds. Here, we identify an optimal stem cell population to stimulate 
angiogenesis, modulate inflammation and improve wound healing. We then optimize a delivery platform for the 
identified stem cell population and test the efficacy in a murine contact burn model.

Methods: Commercially-available and primarily isolated stem and progenitor cell populations were evaluated at a single 
cell level to determine which of the cells most closely resembled a fetal gene expression signature. Microfluidic single-cell 
qPCR and advanced bioinformatics was used to identify a potent subpopulation adipose-derived stromal cells (ASCs) that 
is found in both human and murine samples (CD26+/CD55+). Next, a hydrogel microenvironment was optimized for the 
identified ASC subpopulation. Finally, the cell-hydrogel combination was validated in a pre-clinical setting. 

Results: Single-cell gene transcriptional analysis of cultured ASCs demonstrated a considerable increase the genes 
favorable to wound healing. Cells seeded with dual-capillary force on the pullulan-collagen hydrogel exhibited improved 
viability. Wounds treated with CD26+/CD55+ cells on a pullulan-collagen hydrogel showed improved wound healing and 
neovascularization in a murine contact burn model. These results suggest the regenerative potential of the identified ASC 
subpopulation for future clinical application. 

Conclusions: The Gurtner laboratory has developed an ASC-hydrogel therapy for treating burns, with demonstrated pro-
angiogenic, fibromodulatory and immunomodulatory effects. Further work is being done to validate the cell-hydrogel 
combination in a pre-clinical setting.

21. Single-Cell RNA-seq Identifies Transcriptomic Signatures of Organ-Specific Endothelial Cells
Ian M Williams1,2,3, David T Paik1,2,3, Lei Tian1,2,3, Chun Liu1,2,3, Hao Zhang1,2,3, Damon Williams1,2,3, Ridhima 
Mishra1,2,3, Sean M Wu1,2,3, Joseph C Wu1,2,3

1Stanford Cardiovascular Institute; 2Department of Medicine, Division of Cardiovascular Medicine, 3Institute for Stem Cell Biology and Regenerative Medicine

Endothelial cells (ECs) display considerable functional heterogeneity depending on the vessel and tissue in which 
they are located. While these functional differences are presumably imprinted in the transcriptome, the pathways and 
networks which sustain EC heterogeneity have not been fully delineated. To investigate the transcriptional control of 
EC specification, we analyzed single-cell RNA-sequencing (scRNA-Seq) data from tissue-specific murine ECs generated 
by the Tabula Muris consortium. We initially found that tissue-specific EC transcriptomic measurements generated by 
scRNA-Seq correlated strongly with previous microarray-array based measurements, thus validating the use of scRNA-
Seq for this purpose. scRNA-Seq revealed that certain tissue-specific ECs cluster strongly by tissue (e.g. liver, brain) 
whereas others (i.e. adipose, heart) have considerable transcriptional overlap with ECs from other tissues. Using gene 
set enrichment analysis, we identified novel markers of tissue-specific ECs and signaling pathways that may be involved 
in maintaining their identity. Importantly, tissue-specific EC markers identified in murine ECs were also enriched in their 
human fetal EC counterparts. This observation highlights the potential translatability of findings in murine ECs to human 
endothelial biology. We also identified sex-specific transcriptomic patterns which may be important for sex differences in 
endothelial function. Finally, we used a graph-based unsupervised clustering approach to identify novel EC subtypes.  In 
summary, we have utilized scRNA-Seq to find markers of tissue-specific ECs and uncover transcriptional networks which 
imbue ECs with tissue and sex-specific characteristics. 

22. Diversity of Innate Lymphoid Cells in Human Head and Neck Squamous Cell Carcinoma
Uriel Moreno-Nieves, David Mundy, Joshua Tay, Saumyaa Saumyaa, John Sunwoo
Innate Lymphoid Cells (ILCs) are innate lymphocytes that play an important role in host defense. ILCs are divided into 
3 groups: ILC1s and Natural killer (NK) cells (group 1), ILC2 (group 2) and ILC3 (group 3). ILC1, ILC2 and ILC3 are the 
innate counterparts of adaptive Th1, Th2 and Th17 cells, and NK cells are considered the innate counterpart of adaptive 
cytotoxic T cells. While the role of NK cells in immunosurveillance is known, little is known about the role of other ILC 
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populations. Here, we aimed at characterizing the ILC populations in human head and neck squamous cell carcinoma 
(HNSCC) from primary samples. We found that there is a great diversity of ILC populations in HNSCC, at the patient level 
but also across patients. Given the ability of ILCs to polarize the immune responses through the secretion of cytokines 
and the ability of certain ILCs to kill target cells, we speculate that the differences observed in ILC populations may result 
in different immune response, and probably different clinical outcomes following therapies.

23. Reversible Blood-Brain Barrier Modulation Enhances in vivo Delivery of Panitumumab-IRDye800 to 
High-Grade Glioma in Cranial Window Model 
Quan Zhou1, Christy M. Wilson2, Hannes Vogel3, Nutte Teraphongphom1, Robert D. Ertsey1, Pauline Chu3, Guolan 
Lu1, Nynke S. van den Berg1, Stan van Keulen1, Naoki Nishio1, Gerald A. Grant2, Eben L. Rosenthal1,4

1 Department of Otolaryngology, Stanford University, 2 Department of Neurosurgery, Stanford University School of Medicine, 3 Department of Pathology, 
Stanford University School of Medicine, 4 Stanford Cancer Center

Background: Pediatric High-grade gliomas (pHGGs) are the No.1 cause of cancer-related deaths in children with median 
survival of less than a year. pHGGs tend to be infiltrative and appear irregularly shaped with ill-defined borders difficult to 
be distinguished from surrounding normal brain tissue. As the extent of surgical resection predicts survival, precise tumor 
removal with more accurate margin delineation means better treatment outcome and less loss of vital functions. While 
EGFR is one of the most commonly amplified genes in pHGGs, its protein-level expression is not as well characterized 
as in adult HGGs. Previously, near-infrared (NIR) dye labeled epidermal growth factor receptor (EGFR) antibody has 
served as contrast agent in fluorescence-guided surgery of head and neck cancer. However, it must overcome the blood-
brain barrier (BBB) for effective intratumoral delivery in the case of brain cancer. Therefore, the latest advancement 
in reversible BBB opening with tight junction protein modulation has the potential to enable the molecular targeted 
imaging guidance of pHGG resection.

Aims: The current study aimed to improve intratumoral delivery of NIR fluorescent EGFR antibody via reversible BBB 
permeability enhancement with siRNA modulation of tight junction protein in an orthotopic xenograft animal model of 
high-grade glioma with EGFR overexpression. Furthermore, resected pHGGs were examined for EGFR expression in order 
to stratify patient subpopulation most likely to benefit from intraoperative molecular imaging strategy that targets EGFR.

Methods: An orthotopic high-grade glioma xenograft model was established in 6-15 week old mice (n=3) by intracranial 
injection of 106 EGFR-overexpressing high-grade glioma cells (D270, 10ul) 3mm below the surface of brain. Subsequently, 
the exposed brain was covered with a glass plate secured to the skull with cyanoacrylate glue. siRNA was selected 
from those targeting conserved regions of the mouse claudin-5 cDNA sequence. 20μg of claudin-5 siRNA was injected 
intravenously via the tail vein in an in vivo-Jet-PEI solution (Polyplus Transfection) at a rate of 0.2 ml/sec 10 days post 
tumor implant. 0.1mL tetramethylrhodamine and various sized FITC-dextran solutions were injected intravenously to 
visualize blood vessels and assess extravasation distance through cranial window via 2-photo microscopy. Enhanced 
permeability of BBB was characterized by increase in KTrans on dynamic contrast-enhanced magnetic resonance imaging 
(DCE-MRI) in the tumor region. Mean fluorescence intensity at 800nm was measured through cranial window with an 
in vivo NIR imager (Pearl Impulse, LI-COR Biosciences) 0-72 hours following tail vein injection of 200ug panitumumab-
IRDye800 (pan800). Immunohistochemical analysis of EGFR expression was performed on surgically resected de novo 
primary pHGG tumors, from seven GBM and three anaplastic ependymoma patients respectively. 

Results: The siRNA has shown a reversible 80% suppression of claudin-5 at 48-hrs post-injection that returned to normal 
levels at 72 hours. More than three-fold increase in penetration distance of 70kDa enhancing agent was observed in 
extravascular space and a 74% increase in intratumoral permeability was observed on DCE-MRI. Intratumoral delivery of 
fluorescent EGFR antibody (panitumumab-IRDye800) occurred at 6 hours and peaked at 48 hours post systemic injection 
following BBB opening. Positive EGFR expression was found in 70% of all surgically removed high-grade pediatric brain 
tumor samples. The median age of patients with positive EGFR expression was 15 (IQR = 12.75 to 16.50), significantly 
higher (P = 0.018) than that of EGFR negative patients (median = 0.75, IQR = 0.47 to 5.38).

Conclusions: We provided proof-of-concept evidence that the enabling technology of transient BBB modulation and 
fluorescence-guided imaging with EGFR targeting antibody has great potential for clinical translation to improve surgery 
outcome by providing tumor-specific precision resection to a significant subpopulation of young patients with pHGGs.

Pediatric high-grade gliomas (pHGGs) are malignant brain tumors that kill more children than any other cancer type. 
pHGGs typically have irregular shapes and ill-defined margins as they actively grow and invade into surrounding 
normal brain. Since the extent of surgical resection predicts survival, precise tumor removal with more accurate margin 
detection means better treatment outcome and longer survival for patients. The goal of this study is to provide a solution 
to visually guide pHGG resection with antibody-based imaging molecules known to be safe for humans and target a 
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specific biomarker (EGFR) of pHGG. A 3-fold improvement in brain permeability was achieved following siRNA-induced 
temporary opening of the blood-brain barrier, a major obstacle for drug delivery into the brain. As a result, 74% increase 
in contrast enhancement in brain tumor was observed in live mice 48 hours later through a preinstalled glass window in 
the their skull. Applying this strategy in image-guided surgery could potentially benefit 70% of pHGG patients as we found 
preferential presence of EGFR biomarker in teenage subpopulation over one that is younger than 1 year old.

24. Adiponectin receptor 3 is Associated with Endothelial Nitric Oxide Synthase Dysfunction and Predicts 
Insulin Resistance in South Asians 
Mark Chandy1,2,3, Edward Lau1,2, Nazish Sayed1,2, Chun Liu1,2, Tzu-Tang Wei1,2, Ian Ying-Li Chen1,2, Dilip Thomas1,2, 
June Rhee1,2, Bradley C. Oh1,2, Lejla Pepic1,2, Mansoor Husain3, Thomas Quertermous1,2, Shriram Nallamshetty1,2, 
Joseph C. Wu1,2

1Stanford Cardiovascular Institute, 2Department of Medicine, Division of Cardiology Stanford Medicine, 3Department of Medicine, University of Toronto

Type 2 diabetes (T2DM) is a global epidemic affecting over 400 million people and causes significant morbidity and 
mortality. T2DM has a strong association with cardiovascular disease (CVD), the number one cause of death globally with 
17.5 million deaths per year. A precursor of T2DM, insulin resistance is central to the development of T2DM and is a risk 
factor for CVD. Insulin resistance is difficult to diagnose and individuals are often untreated prior to the onset of T2DM or 
CVD. South Asians are more likely to have insulin resistance, diabetes and cardiovascular disease when compared to age 
matched European cohorts. The molecular mechanisms of why South Asians are predisposed to insulin resistance and 
consequently cardiovascular disease were investigated using induced pluripotent stem cells (iPSCs) derived endothelial 
cells (iPSC-EC). Endothelial cells line blood vessels of the cardiovascular system. Unlike previous models, iPSC-EC are 
unique because they contain the individual’s genetic information and the environmental influences retained in epigenetic 
marks are removed via reprogramming and differentiation. iPSC-ECs from insulin resistant South Asians show evidence 
of impaired insulin signaling as evidenced by decreased Akt phosphorylation, and paradoxically overexpression of eNOS 
and adiponectin receptor 3. In the cellular milieu of prediabetes, insulin resistance iPSC-ECs show impaired tubule 
formation and nitric oxide release. When adiponectin receptor 3 expression is suppressed using siRNA, eNOS expression 
decreases and expression of components of the insulin signaling cascade are improved to levels observed in control iPSC-
ECs. This is the first time that South Asian iPSC-EC have been shown to have unique transcriptome profile and functional 
phenotype that is that is mechanistically related to the onset of insulin resistance and cardiovascular disease. These 
findings may lead to the development of novel diagnostic tests and therapies that modify the disease trajectory of insulin 
resistance and cardiometabolic disease in South Asian patients. 

25. Development of a Cardio-Safe Kinase Inhibitor for Oncology Using Phenotypic Screening in Human 
Stem Cell-Derived Cardiomyocytes
Arne Bruyneel1,*, Mallesh Pandrala2,*, Dries Feyen1, Ricardo Serrano Fernandez1, Anna Hnatiuk1, Michelle Vu1, 
Prashila Amatya1, Sanjay V. Malhotra2, Mark Mercola1

1Department of Medicine, Cardiovascular Institute, 2Department of Radiation Oncology, Stanford

Advances in oncology drugs have revolutionized cancer care, allowing many cancer patients to live longer and better. 
However, as many as 30% of cancer survivors suffer considerable morbidity and mortality because of unintended 
effects of cancer therapeutics on the heart. Not only older chemotherapy agents, but also modern molecular targeted 
therapeutics, such as kinase inhibitors (KIs) can cause myopathy and arrhythmia. There is no systematic solution to this 
problem and the kinase targets responsible are poorly defined. Here, we describe the use of human induced pluripotent 
stem cell-derived cardiomyocytes (iPSC-CMs) in large scale phenotypical screening to aid in the development of safer KIs 
and to identify kinase targets involved in cardiotoxicity. We optimized a small molecule oncology drug, effective clinically 
against tumors but associated with a high incidence of cardiomyopathy, by conducting phenotypic screening assays on 
both cancer cells for on-target potency and on iPSC-CMs for off-target toxicity. We identified an initial hit compounds with 
improved characteristics enabling the derivation of a preliminary structure-activity relationship for on-target potency and 
off-target toxicity to drive further medicinal chemistry. We also probed the entire kinome with siRNAs, and extended the 
data using small molecule inhibitors, identifying kinases that if inhibited evoke arrhythmic or contractility defects offering 
explanations for the clinical toxicities of certain KI drugs. Taken together, our data illustrates the potential of iPSC-CMs 
for toxicity testing and provides a framework for optimizing lead compounds using iterative medicinal chemistry and 
phenotypic screening.
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26. Single-Cell RNA-Sequencing of Human Embryonic Body Delineates Adverse Effects of Nicotine on 
Embryonic Development
Hongchao Guo1,2,3, Lei Tian1,2,3, Joe Z Zhang1,2,3, Tomoya Kitani1,2,3, David T. Paik1,2,3, Joseph C. Wu1,2,3

1Stanford Cardiovascular Institute; 2Institute for Stem Cell Biology and Regenerative Medicine; 3Division of Cardiology, Department of Medicine, Stanford

Maternal smoking during pregnancy remains a critical public health concern.  Nicotine, the main constituent of tobacco, 
is highly detrimental to the developing fetus by increasing the risk of gestational complications and organ disorders. The 
effects of nicotine on human embryonic development and related mechanisms, however, remain largely unresolved. 
Here, we performed single-cell RNA-sequencing (scRNA-seq) of human embryonic stem cell (hESC)-derived embryonic 
body (EB) differentiated cells in the presence or absence of nicotine. Nicotine induced lineage-specific responses and 
dysregulated cell-to-cell communication in EBs, shedding light on the adverse effects of nicotine on human embryonic 
development. Additionally, nicotine reduced cell viability, increased reactive oxygen species (ROS), and altered cell 
cycling in EBs. Abnormal Ca2+ signaling was found in muscle cells upon nicotine exposure and we verified it in hESC-
derived cardiomyocytes.  Consequently, our scRNA-seq data suggests direct adverse effects of nicotine on hESC 
differentiation at the single-cell level and offers new method for evaluating drug and environmental toxicity on human 
embryonic development in utero.

27. Characterizing and Evaluating the Capability of PathFx, a Novel Network Algorithm, to Predict 
Cardiotoxicity and Underlying Cardiotoxicity Mechanisms of Tyrosine Kinases 
Angela Zhang, Jennifer Wilson, Joseph C. Wu, Russ B. Altman
Though tyrosine kinase inhibitors (TKIs) have revolutionized cancer treatment, their toxicities have limited their use. Of 
the adverse events, cardiotoxicity is of great concern. However, the cardiotoxicities and underlying mechanisms have 
yet to be fully characterized. Network algorithms have previously been utilized as in silico prediction tools to uncover 
adverse drug events and underlying mechanisms. PathFx is one such novel network algorithm. By merging databases 
that have been previously been siloed, PathFx annotates drugs with protein pathways and phenotypes, allowing for side 
effect prediction and understanding of underlying mechanisms. Here, we describe the characterization and evaluation 
of PathFx in predicting cardiotoxicity of tyrosine kinases. To characterize baseline accuracy, PathFx predictions were 
compared against the SIDER database, which consists of 1430 drugs and 140,064 drug-side effect pairs. Network 
parameters were evaluated, permuted, and subjected to a logistic regression to determine which network features were 
best able to predict cardio-specific toxicity. Phenotype rank was revealed to be the best predictor. “Fake drugs” were 
then created through random selection of protein targets and ran through PathFx to determine the baseline for network 
parameters and assist in determining significant signals. To evaluate the accuracy of TKI network predictions, in vitro 
data from Sharma et al’s cardiotoxic screen of tyrosine kinases was used. Comparison revealed high correlation between 
the network predictions and drug screen, but poor network severity predictions. Finally, we evaluated the capability of 
PathFx to deliver mechanistic information underlying cardiotoxicity, discovering that PathFx was able to predict KDR 
upregulation induced by sorafenib. 

28. Cancer Specific Caloric Restriction using Novel Small Molecule Improves the Therapeutic Regime for 
Triple Negative Breast Cancer
Dhanir Tailor1, Angel Resendez1, Vineet Kumar1, Catherine Going2, George W. Sledge3, Sharon Pitteri2, Sanjay V. 
Malhotra1

1Departments of Radiation Oncology, 2Radiology, 3Medicine, Stanford University School of Medicine

Hyperglycemic and hyper insulin condition are the signature symptoms for type two diabetes which is the most 
favorable condition for the development of cancer. Women having a type two diabetes has 20-27% high risk to develop 
breast cancer including triple negative breast cancer (TNBC). Microenvironment including hyperglycemic, hyper insulin 
condition leads to the therapy resistance. According to ‘Warburg’s effect’ cancer cells consume a high amount of glucose 
in comparison to normal cells via aerobic glycolysis process. To take care of this condition currently, several clinical 
studies are going on for the combination therapy of type 2 diabetes and chemotherapy drugs together including erlotinib 
and metformin. The major drawback of this kind of type 2 diabetes drugs is that they won’t affect cancer cells under 
hyperglycemic and hyper insulin conditions. These drugs including metformin work via AMP-activated protein kinase 
(AMPK) activation to switch aerobic glycolysis to oxidative phosphorylation. We have developed a novel AMPK activator 
(SU-18) who selectively induces an oxidative phosphorylation in TNBC cells and glycolysis in normal cells. We found 
that SU-18 induces G2/M phase arrest, mitochondrial stress and apoptosis in TNBC cells as same as metformin but at 
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1000 fold less concentration. It selectively reduces the glucose consumption, lactate and ATP production in TNBC cells 
where normal cells act opposite to this. SU-18 activity is through AMPK activation which got abolished in presence of 
AMPK inhibitor (Compound c). During mouse xenograft studies, it inhibits the tumor growth and progression. It also 
improves the blood glucose level in hyperglycemic mice. Comparative studies with metformin suggest that SU-18 
works irrespective of hyperglycemia and insulin conditions, whereas metformin, is ineffective in this condition. FDG-
PET scan analysis also supported to our in vitro glucose consumption data that treatment with SU-18 reduces the FDG 
accumulation in tumor cells. This study advocates the clinical candidature of SU-18 for TNBC patients.

29. Pharmacology Studies of Chimeric Antigen Receptor (CAR) T cells in Luminescent Xenograft and 3D in 
vitro Tumor Models
Ruyi Li1, Shanshan Gan1, Leixin Zhang1, Tommy Broudy2, Yong Hu2 
1BioDuro Shanghai LLC, 2BioDuro San Diego LLC

Chimeric antigen receptor (CAR) T cell therapy is a type of immunotherapy that uses a patient’s T cells, engineered with 
chimeric antigen receptors, to attack the patient’s cancer cells. The U.S. Food and Drug Administration (FDA) has recently 
approved two CAR T therapies: Yescarta® to treat adults with lymphoma and Kymriah® to treat pediatric and young adult 
patients with acute lymphoblastic leukemia. With significant efficacy shown in patients, more CAR T cells are being 
developed at pre-clinical phases with new targets or chimeric antigen designs. This work shows that the efficacy of CAR T 
cells could be evaluated using xenograft mouse models. 

Two investigative studies on CAR T cells were performed, in a lymphoma orthotopic model and an ovarian cancer 
subcutaneous model. Luciferase-labeled Raji (Raji-luc) cells were injected into immuno-deficient B-NDG mice 
(Biocytogen), and 9 days after tumor inoculation, CAR T-1 and CAR T-2 were given through single IV injections. About one 
week later, significant tumor growth inhibition was observed in both CAR T cell treated groups. At Day 37 of post-tumor 
inoculation, all animals in the control group died, while the CAR T treated group had a 75% survival rate.

The same batch of CAR T cells were tested using BioDuro’s proprietary 3D culture method which is aligned to human 
tumor microenvironmental conditions (3D-hTME). Raji-luc cells were mixed with CAR T cells at Effector: Target (E: T) 
ratios of 1:0.5, 1:2 and 1:8, then seeded in semi-gel form 3D culture in 96-well plates. The luminescent signals were read 
by imager after 4- or 24-hours of incubation at 37oC.  Consistent with our in vivo results, the CAR T cells had an increased 
killing effect on Raji-luc cells, with higher E:T ratio and increased incubation time. 

To test CAR T cells in solid tumors, a similar study was done in luciferase-labeled SK-OV-3 (SK-OV-3-luc) subcutaneous 
xenografts. SK-OV-3-luc cells were inoculated subcutaneously into B-NDG mice and the CAR T treatment was given 9 days 
later by single IV injection. Tumor volumes were measured with calipers or by luminescent signal using an in vivo imager. 
The results showed that starting from Day 20, the animals treated with CAR T cells had significantly smaller tumors in 
comparison to the control animals. 

In summary, xenograft models with luciferase-labeled cancer cell lines can be used to investigate the efficacy of 
experimental CAR T therapies to treat liquid or solid tumors. Additionally, the use of in vitro 3D-hTME culture shows 
promising results as a potential earlier-stage screen for preclinical assessment of CAR T activity.  

30. Positive Allosteric Modulators (PAMs) to Target the Cannabinoid CB1-Mediated Signaling Pathway
Angel Resendez1, Kaavya K. Kumar2, Vineet Kumar1, Brian K. Kobilka2 and Sanjay V. Malhotra1,3

1Departments of Radiation Oncology, 2Molecular and Cellular Physiology and 3Radiology, Stanford University

Neuropathic pain is a form of chronic pain that affects 1 in every 10 adults over 30 and is a significant burden to 
healthcare costs, rehabilitation and erodes quality of life. Since the cannabinoid CB1 receptor is one the most abundantly 
expressed G protein coupled receptors (GPRCs) in the central nervous system (CNS), the CB1 receptor has been 
demonstrated to be a viable target for variety of diseases including pain. Through the stimulation of CB1, they can inhibit 
pain transmission at central, spinal, and peripheral synapses. However, direct activation of CB1at the orthosteric site 
can induce a cannabis-mimetic side effect profile, which include abuse, addiction, and memory impairment. These side 
effects limit agonist for therapeutic use and further development. An alternative approach to target the CB1-mediated 
signaling pathway has been taken to develop positive allosteric modulators (PAMs) that bind to distinct sites from the 
orthosteric site. Recently discovered ZCZ-011 indole derivative targeted the allosteric site on CB1R and demonstrated 
effective neuropathic pain reduction without psychoactive or hypothermic effects in-vivo. Based on this precedence, a 
small library of 1- & 2-aryl substituted indole analogues were synthesized and examined for G protein (i.e. Gs, Gi and Gq) 
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activation when bound to CB1R using a Luciferase-based Glo assay. Additionally, the potential of these derivatives for 
biased β-arrestin recruitment were examined. Since the β-arrestin signaling pathway is associated with desensitization, 
CB1R internalization, and tolerance, new methods for identifying biased PAMs capable of enhancing G protein signaling   
rather   than   β-arrestin   recruitment would expedite the rational design of new therapeutic candidates for the treatment 
of neuropathic pain.


