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On the Cover: Top: Zebrafish embryos are transparent early in development, allowing for live cell 
imaging of hematopoietic development; in particular, interactions between hematopoietic stem cells (HSCs) 
and their supporting niche cells can be easily visualized. HSCs are born in the aorta-gonad-mesonephros region 
and subsequently enter circulation before migrating to and engrafting in the caudal hematopoietic tissue 
(CHT). The CHT is a complex microenvironment comprised of multiple cell types including endothelial 
cells, stromal cells, and macrophages that play critical roles in the regulation of HSCs in the CHT. This 
image shows a transgenic zebrafish embryo at 72 hours post-fertilization with mosaic expression of Flk1 
(VEGFR2) promoter-driven GFP (green), iRFP (red), and BFP (blue), marking endothelial cells. The dense 
vascular plexus in the image comprises part of the CHT niche microenvironment into which the HSCs engraft. 
(Courtesy of: Brian Li, HHMI Medical Fellow, Harvard Medical School. Mentor: Leonard I. Zon, MD, Howard 
Hughes Medical Institute, Boston Children’s Hospital and Harvard Medical School)

Bottom, right: The adult mammalian utricle, one of the small gravity-sensing organs of the inner ear, has 
a very low spontaneous regenerative capacity. The utricular macula consists of a layer of mechanosensory 
hair cells surrounded by a layer of supporting cells underneath. Shown here is a 10X magnification image 
of a utricle harvested from an adult Plp1CreERT/+; Rosa26tdTomato/+ mouse injected with a vestibulotoxin to damage 
utricular hair cells (stained with Myosin7a shown in green) followed by tamoxifen to fate-map Plp1-positive 
supporting cells (tdTomato protein shown in red). (Courtesy of: Zahra N. Sayyid, HHMI Medical Fellow, 
Stanford University School of Medicine. Mentors: Alan Cheng, MD, Stanford University School of Medicine 
and Roel Nusse, PhD, Howard Hughes Medical Institute and Stanford University School of Medicine)

Bottom, left: Three dimensional reconstruction of injured nephrons are possible by multiphoton microscopy 
with benzyl alcohol/benzyl benzoate clearing. C57BL/6J mice were subjected to ischemia reperfusion injury 
and collected at post-operative day 7. Kidneys were then fixed in 4% paraformaldehyde and subsequently 
stained with eosin (red) and DAPI (yellow) before imaging. Glomeruli and proximal tubules are tracked 
to the ascending limb of the loop of Henle up to the macula densa. The injured S3 proximal tubule segment 
represented here reveals significant pathology such as abrogation of the S3/thin limb junction, tubular cast 
formation and increased nuclear density. (Courtesy of: Elizabeth Chen, HHMI Medical Fellow, Yale School of 
Medicine. Mentor: Lloyd G. Cantley, MD, Yale School of Medicine)



M E D I C A L  R E S E A R C H  F E L L O W S  P R O G R A M
 

Poster Abstracts

3

2 0 1 6  S c i e n t i f i c  M e e t i n g  o f  M e d i c a l  F e l l o w s

2

Biomodulation of metabolic and signaling  
pathways to enhance photodynamic therapy  
efficacy for pancreatic adenocarcinoma  
and oral squamous cell carcinoma
Sriram Anbil, HHMI Medical Fellow, The University of Texas 
School of Medicine at San Antonio (Harvard Medical School)

Mentors: Tayyaba Hasan, PhD, Harvard Medical School and Massachusetts 
General Hospital and Edward Maytin, MD, PhD, Cleveland Clinic Lerner College 
of Medicine of Case Western Reserve University

Vitamin based biomodulation of metabolic and 
paracrine-signaling pathways represents a prom-
ising approach to overcome tumor heterogeneity 
and treatment escape. Among these approaches 
includes biomodulation of the heme pathway 
with calcitriol to increase accumulation of proto-
porphryin IX (PpIX), the photosensitizer respon-
sible for the cytotoxic effect of aminolevulinic 
acid (ALA)-based photodynamic therapy (PDT). 

Because cancer associated desmoplasia has been implicated in treatment 
resistance in several contexts including pancreatic adenocarcinoma (PDA) 
and oral squamous cell carcinoma (OCa), an opportunity exists to increase 
the susceptibility of these tumors to PDT through stromal rehabilitation 
while also improving the therapeutic index via heme pathway biomodulation. 
We investigate the ability of the vitamin hormones calcipotriol or retinoic 
acid to serve as dual-purpose biomodulatory and stromal reprogramming 
agents to enhance PDT efficacy in context of OCa and PDA. OCa is 
highly prevalent in low resource settings where few feasible modalities exist 
for early detection and treatment. In contrast, PDA is frequently detected 
at late stage and characterized by a unique milieu comprising activated 
mesenchymal cells that facilitate tumor progression. Our approach has 
significance in both contexts: it may improve the theranostic potential of 
low-cost image guided PDT for OCa, and may enable synergy between PDT 
and other chemo/biologic therapies for PDA via modulation of tumorigenic 
signaling pathways. Using in vitro and in vivo approaches, we demonstrate 
the ability of vitamin hormones to improve the selectivity and homogeneity 
of PpIX accumulation in OCa and PDA. In 2D and 3D cultures, we 
demonstrate the ability of calcipotriol and retinoic-acid to induce quiescence 
in activated fibroblast lines, and assess the impacts of this “reprogramming” 
in PDA lines. A combined biomodulatory and reprogramming approach 
is shown to improve PDT efficacy in OCa and PDA lines.
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Galectin-3 mediates glioma-induced  
immunosuppression through expansion  
of regulatory T cells
Leonel Ampie, HHMI Medical Fellow, Georgetown University 
School of Medicine (Northwestern University, The Feinberg School  
of Medicine)

Mentors: Orin Bloch, MD and C. David James, PhD, Northwestern University, 
The Feinberg School of Medicine

Galectin-3, a carbohydrate-binding lectin,  
has been demonstrated to correlate with tumor 
grade within brain gliomas. Glioblastoma 
(GBM), a grade IV glioma, represents the most 
common primary brain tumor in adults which 
portends a poor prognosis of only 16 months 
median survival. GBM also promotes the expansion 
of circulating and intratumoral regulatory T-cells 
(Tregs) which may hamper a proinflammatory 

response against the tumor. We hypothesize that Galectin-3 is secreted 
by GBM and is a key player in the promotion of Treg expansion.

Conditioned media from primary (n58) and established (n51) glioma 
cell lines were analyzed for Galectin-3 secretion by ELISA. Cell lysates 
were analyzed for intracellular Galectin-3 via immunoblotting and local-
ization was confirmed by immunohistochemistry of GBM tissue. Healthy 
control lymphocytes were activated with anti-CD3/CD28 and recombinant 
Galectin-3, with assessment of lymphocyte phenotype by flow cytometry 
on day 3 of incubation. Treg fraction (CD4+/CD25+/FoxP3+) and cell 
surface immune-checkpoint induction were analyzed.

Four of eight primary patient cell lines secreted varying levels of  
Galectin-3 ranging from 0.2-1.7ng/mL. Results were verified via  
immunoblotting which correlated with secretion by ELISA. Stimulation 
of healthy lymphocytes with recombinant Galectin-3 resulted in increased 
Treg expansion compared to unstimulated controls (30% vs. 14.2%, 
p50.0002). Analysis of immune checkpoints on CD4+ cells revealed an 
increase in LAG-3 expression with Galectin-3 stimulation compared to 
unstimulated controls (30% vs. 22.8%, p50.0014). 

For the first time, we demonstrate that Galectin-3 can induce Treg 
expansion and LAG-3 expression on CD41 cells. We also demonstrate that 
Galectin-3 is secreted by a subset of GBM tumors, contributing to the 
immunosuppressive environment observed in patients. Our data suggests 
that Galectin-3 may be a novel target for immunomodulation in GBM.

 



M E D I C A L  R E S E A R C H  F E L L O W S  P R O G R A M
 

Poster Abstracts

4

2 0 1 6  S c i e n t i f i c  M e e t i n g  o f  M e d i c a l  F e l l o w s

3

Development of Ariolimax as a model  
for studying mucus formation
Nicholas Andresen, HHMI Medical Fellow, University of Iowa 
Roy J. and Lucille A. Carver College of Medicine  

Mentor: Michael J. Welsh, MD, Howard Hughes Medical Institute and  
University of Iowa Roy J. and Lucille A. Carver College of Medicine

Cystic fibrosis (CF) is an autosomal recessive 
disease caused by mutations in the gene encoding 
the cystic fibrosis transmembrane conductance 
regulator (CFTR) anion channel. The primary 
cause of CF morbidity and mortality is airway 
infection, inflammation, mucus accumulation, 
and airway obstruction. Studies of a porcine 
model of CF have shown that prior to the onset 
of infection and inflammation, mucus with ab-

normal biophysical properties impairs mucociliary transport. Abnormal 
pH and/or Ca21 concentrations in CF are hypothesized to alter airway 
mucus. The goal of this work was to develop a model to understand how 
pH and Ca21 levels affect mucus properties at the time mucus is released 
from its packed state in membrane-bound vesicles. We used the terrestrial 
slug Ariolimax, which secretes 10 μm membrane-enclosed granules that 
are packed with mucus. We developed methods to collect and store mucus 
granules. When we ruptured the granule membrane, mucus volume in-
creased ~200-fold. Scanning election microscopy revealed rope-like 
mucus strands reminiscent of those observed with porcine airway mucus. 
Fluorescent lectins and histochemical stains that are used to stain porcine 
airway mucus also labeled Ariolimax mucus. Mucus granules expanded to 
the same volume at pH 5 and at pH 9. However, when we tested the co-
hesiveness of mucus by measuring its ability to enter capillary tubes via 
capillary action, we found that mucus expanded at pH 9 traveled further 
than mucus expanded at pH 5. Adding 5 or 10 mM Ca21 reduced mucus 
volume and decreased mucus movement in capillaries. Thus, pH and 
Ca21 concentration are key variables that affect Ariolimax mucus. These 
findings provide a highly tractable model for future studies focused on 
the abnormalities of CF mucus.
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Osteopontin deficiency contributes  
to heterotopic ossification
Courtney Baker, HHMI Medical Fellow, Vanderbilt University 
School of Medicine 

Mentor: Jonathan Schoenecker, MD PhD, Vanderbilt University School  
of Medicine

Heterotopic Ossification (HO) is the aberrant 
formation of bone within soft tissues and a major 
source of morbidity and expenditure in both the 
military and civilian populations following burn, 
blast, and neurologic injuries. It was recently 
published that plasminogen is essential for prevent-
ing HO, but plasmin has no known direct anti-
mineralization properties. Further experiments 
demonstrated plasmin’s mechanism to prevent 

HO is independent of fibrinolysis. Osteopontin (OPN) is produced by 
macrophages and injured muscle, has significant anti-mineralization 
properties, and is a known plasmin substrate. We hypothesized that the 
injury provoked  anti-mineralization activity of plasmin is interdependent 
with OPN activity. Selective muscle injury of OPN heterozygous and  
homozygous null mice demonstrated a variable incidence of HO that  
regressed with time via serial radiographs. OPN homozygous null mice 
demonstrated more severe HO than heterozygous mice and both were 
significantly greater than controls. Female mice demonstrated more severe 
HO than matched males, which is suggestive of sexual dimorphism in this 
injury repair model. Selective pharmacologic reduction in OPN levels of 
wild type mice also demonstrated a dose response of HO after muscle  
injury. Raising plasmin activity in OPN heterozygous mice prevented 
HO formation compared to controls. This suggests that combined selective 
muscle injury and OPN deficiency is a novel model of HO demonstrating 
variable incidence, regression, and sexual dimorphism and that increasing 
plasmin activity can prevent this phenotype.
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Transplantation of M2 macrophages  
improves cutaneous wound repair in vivo
Leandra Barnes, HHMI Medical Fellow, Stanford University 
School of Medicine 

Mentor: Michael T. Longaker, MD, MBA, Stanford University School  
of Medicine

Skin defects pose a significant reconstructive 
challenge, so it is necessary to develop novel  
approaches in regenerative medicine to improve 
tissue repair. Studies have shown the macro-
phage is the only inflammatory cell whose dele-
tion slows healing, indicating its critical role in 
skin wound repair. Macrophages can be polarized 
to two phenotypes that have different functions: 
M1 phenotype macrophages are pro-inflammatory, 

while M2 phenotype macrophages are pro-regenerative. Using an estab-
lished humanized excisional wound model in mice, we demonstrate the 
ability of M2 polarized macrophages to promote skin regeneration in vivo.

Monocytes were isolated from the bone marrow of mice expressing 
green fluorescent protein constitutively in the cytoplasm of all cells, differ-
entiated into macrophages in vitro with macrophage colony-stimulating 
factor, seeded onto biomimetic hydrogel scaffolds containing recombinant 
interleukin-10 (IL-10) for in vivo polarization to the M2 phenotype, and 
transplanted onto splinted excisional wounds. Gross wound progression 
and size was assessed with digital photographs. Wound tissue was harvested 
for histologic, gene expression, and cellular analyses.

Gene expression analysis confirmed that macrophages seeded onto the 
scaffold containing IL-10 were polarized to the M2 phenotype in vivo 
within 48 hours. Polarizing macrophages to the M2 phenotype on an IL-10 
scaffold in vivo minimizes time in cell culture and proves to be optimal 
for directed cell delivery. Our results demonstrate that supraphysiologic 
levels of M2-polarized macrophages significantly accelerate wound healing 
without adverse effects on scar size and quality.
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Opposing effects of programmed death-1/ 
programmed death ligand-1 engagement and 
IFN-γ in the treatment of AML with anti-CD33 
chimeric antigen receptor-modified T cells
Jacob Basham, HHMI Medical Fellow, University of Tennessee 
Health Science Center College of Medicine (St. Jude Children’s  
Research Hospital)

Mentor: Terrence L. Geiger, MD, PhD, St. Jude Children’s Research Hospital

Chimeric antigen receptor-modified T lymphocytes 
(CART cells) have shown benefit as an adjuvant 
immunotherapy in the treatment of B cell malig-
nancies. This success of re-targeted T cells has 
not been extended to other hematologic malig-
nancies. We have developed an immunothera-
peutic approach to treat acute myeloid leukemia 
(AML) using CART cells re-directed against the 
myeloid-specific antigen CD33 (CART-33). 

CART-33 cells are potent and specific in eliminating AML cells in vitro 
and in vivo. Despite this, CART-33 T cells have shown poor in vivo ex-
pansion in NOD-SCID IL2rγ (2/2) (NSG) AML xenograft models.  
To address the reason for this, we assessed the impact of AML-expressed 
programmed death ligand 1 (PD-L1) on CART-33 cell activity. PD-L1 
inhibits T cell functions upon binding PD-1, which is upregulated with 
T cell activation. Interferon-gamma (IFN-γ), a primary effector cytokine 
secreted by CD81 effector T cells, is a potent inducer of PD-L1 on AML 
blasts. Using AML cell lines U937, Oci-AML3, CMK, and MV4-11 we 
show that both IFN-γ and activated CART-33 supernatant can induce 
up-regulation of PD-L1 on AML. Upregulation is pre-dominantly 
though not exclusively dependent upon IFN-γ production. The kinetics 
and induction of a corresponding PD-L family member, PD-L2 is distinct 
from that of PD-L1. Although PD-L1 is well documented to suppress T cell 
function, induction of PD-L1 had no effect on the cytolytic activity of 
CART-33 cells against AML in short term (,48 h) cultures. Paradoxically, 
24 hr pre-treatment of AML with either IFN-γ or CART-33 supernatant 
increased AML susceptibility to killing by CART-33 cells despite ele-
vated expression of PD-L1 by AML. Our results highlight the regulatory 
complexity of AML cytolysis by re-targeted T lymphocytes, and argue 
that that tumor-expressed PD-L1 impacts the sustainability but not 
short-term killing activity of adoptively transferred CAR T cells in the 
treatment of AML.
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AAV-mediated generic gene therapy  
targeting glucose metabolism in cones  
of retinitis pigmentosa mouse models
Tedi Begaj, HHMI-FFB Medical Fellow, University of Massachusetts 
Medical School (Harvard Medical School)

Mentor: Connie Cepko, PhD, Howard Hughes Medical Institute and Harvard 
Medical School

Progressive, heterogeneous and inherited retinal 
degeneration collectively known as retinitis  
pigmentosa (RP) affect around 1.5 million people 
worldwide, causing severe vision impairment 
and blindness. In many cases, rod cell demise occurs 
in the first two decades of life followed by a slow 
decline in visual acuity and central vision attributed 
to cone cell death. The common feature in cones 
of various RP models is the indication of metabolic 

stress after rod cell death. Systemic as well as genetic approaches targeting 
insulin signaling and mammalian target of rapamycin (mTOR) pathways 
prolong cone survival in mouse models of RP. Thus gene therapies involving 
metabolic intervention offer a promising generic approach to prolong cone 
survival and/or function, regardless of the original rod-specific mutation 
and with lesser systemic side-effects.

We have constructed adeno-associated virus (AAV) vectors encoding 
genes involved in the central glucose metabolism. The expression from 
these vectors was confirmed in wild-type as well as diseased retinae.  
Subretinal injections in 3 different RP models was carried out to assess 
(1) cone survival, (2) cone function by electroretinography, and (3) visual 
guided behaviors. The current results will be presented and the implications 
of these findings will be discussed.

 

7

Persistent sodium current and its role  
in cardiac arrhythmias and structural remodeling 
of the atria and ventricles
Joseph Bayne, HHMI Medical Fellow, Columbia University College 
of Physicians and Surgeons 

Mentor: Steven O. Marx, MD, Columbia University College of Physicians  
and Surgeons

NaV1.5, encoded by the SCN5A gene, initiates 
the cardiac action potential and the loading of 
cardiomyocytes with sodium ions. Increased  
sodium current through this channel by incom-
plete inactivation has been associated with long 
QT syndrome, atrial fibrillation and dilated  
cardiomyopathy in humans. To explore the  
molecular mechanisms underlying these pheno-
types, we created doxycycline-inducible transgenic 

mice with a mutation (F1759A) of the local anesthetic binding site in 
human SCN5A. The F1759A mutation causes incomplete inactivation of 
the sodium channel, assessed by patch clamp. The F1759A transgenic 
mice developed spontaneous and prolonged episodes of atrial fibrillation, 
an unusual phenotype in mice. The arrhythmia occurred in the setting of 
left atrial enlargement and mild fibrosis, and mild left ventricular enlarge-
ment and dysfunction, phenocopying the findings observed in humans 
with various mutations of SCN5A. To explain the causality of the SCN5A 
mutation towards these structural changes, deep transcriptome sequencing 
(RNA sequencing) was performed after inducing F1759A NaV1.5 expression 
for 7 days. DEseq analysis demonstrated increased expression of 1,000 
genes and decreased expression of close to 800 genes in the dox-fed mice. 
Gene ontology analysis showed that overexpressed genes were associated 
with inflammation and phosphate transport and that decreased genes 
were associated with mitochondrial membrane and mitochondrial matrix 
proteins. These data suggest that increased persistent sodium current is 
sufficient to cause arrhythmia and cardiac structural changes such as hyper-
trophy and fibrosis. RNA sequencing analysis suggests that these changes 
may be secondary to increased expression of genes associated with inflam-
mation and altered expression of genes associated with mitochondria and 
phosphate transport.
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A novel tissue-specific CRISPR technique  
elucidates previously unknown tumor suppressors 
in melanomagenesis
Caitlin Bell, HHMI Medical Fellow, Vanderbilt University School 
of Medicine (Harvard Medical School)

Mentor: Leonard I. Zon, MD, Howard Hughes Medical Institute, Boston Children’s 
Hospital, Dana-Farber Cancer Institute and Harvard Medical School

The study of melanoma mechanisms has been 
enhanced by the use of a zebrafish model in 
which human BRAFV600Eis driven by the mitf 
promoter in a p53 mutant background. We gener-
ated a vector system that expresses a gRNA and 
places Cas9 under control of the mitf promoter, 
leading to melanocyte-specific gene disruption 
and knockout. Injection of a vector targeting p53 
into BRAFV600E1/ 1 mitfa2/2- zebrafish embryos 

leads to melanoma formation in every fish (17 week median onset, 
n550), while non-targeting vectors never lead to tumors. As proof of 
principle, targeting of known melanoma-suppressor pten in BRAFV600E1/ 1 
mitfa2/2 p532/2 zebrafish leads to significant acceleration of tumor onset 
(10 week median). We then selected genes found frequently mutated and 
genomic regions that are deleted at increased rates in human melanomas. 
For instance, arid2 encodes a subunit of a chromatin remodeling complex 
implicated in gene expression and migration of neural crest progenitors, 
and is one of the most commonly mutated epigenetic factors in melanoma. 
Inactivation of arid2 demonstrates earlier tumor onset compared to the 
control (16 vs. 20 weeks, n,100 p,1023). Rbfox1, an alternative splicing 
factor deleted in 10% of melanomas, accelerates tumor formation compared 
to the control (17 vs. 20 weeks, n,100 p,1023). We are now using this 
system to screen entire regions of genes with possible tumor-suppressive 
function that have frequent biallelic loss. This methodology provides an 
efficient means for screening genes implicated by robust patient sequencing 
data, and investigating previously unknown tumor-suppressing roles.
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Identification and characterization  
of long non-coding RNAs involved  
in glioblastoma multiforme proliferation
Harjus Birk, HHMI Medical Fellow, University of California,  
San Francisco, School of Medicine 

Mentor: Daniel A. Lim, MD, PhD, University of California, San Francisco, 
School of Medicine

LncRNAs are a largely uncharacterized class of 
RNA molecules greater than 200 nucleotides in 
length that have little protein-coding capacity. 
Over 50,000 human lncRNAs have been anno-
tated, and many of these transcripts are cell and 
tissue-specific. In particular, many thousands of 
lncRNAs are specific to the human brain. 
Emerging data indicate that lncRNAs play a role 
in a wide range of brain pathologies including 

primary tumors such as glioblastoma multiforme (GBM). Characterized 
by its invasiveness and resistance to treatment, GBM is highly malignant 
with patients having a median survival 14 months despite surgery, radia-
tion and chemotherapy. Although lncRNAs are particularly cell and dis-
ease specific and are attractive as therapeutic targets, very few specific 
lncRNAs have been identified as potential targets for cancer therapy.

To identify and pursue specific lncRNAs as therapeutic targets in 
human GBM, we conducted a large-scale knockdown screen in the 
human U87 brain tumor cell line. To assess the role of lncRNAs in GBM 
cell proliferation, in vitro knockdown of lncRNAs were performed and a 
competitive growth assay using flow cytometry was conducted. GBM 
cells were grafted into the brains of immunocompromised mice to gener-
ate tumors in vivo. Bioluminescence imaging was performed weekly in 
order to visualize and compare tumor growth patterns among control 
mice and lncRNA knockdown mice.

Our knockdown screen identified over 50 lncRNAs involved in GBM 
proliferation. Knockdown of one specific lncRNA, LINC00263, decreased 
U87 GBM tumor cell propagation in culture by 90% over a three week 
period. We are currently analyzing the effect of LINC00263 knockdown 
on the growth of GBM in a xenograft mouse model. Analysis of such lncRNA 
targets will lay groundwork for the study of other GBM-associated ln-
cRNAs, having important implications for the development of this new 
class of RNA transcripts as novel therapeutic targets in GBM.
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A subset of infectious proviruses persist  
and expand following activation ex vivo
John Bui, HHMI Medical Fellow, University of Pittsburgh School 
of Medicine 

Mentor: John W. Mellors, MD, University of Pittsburgh School of Medicine

The most effective latency reversing agents for 
HIV-1 are also potent T-cell activators. Recent 
studies show that virus producing cells can persist 
and expand in vivo. We hypothesized that acti-
vation of HIV-infected CD41 T-cells could lead 
to clonal expansion of proviruses rather than 
their elimination.

We established an ex vivo cell culture system 
involving stimulation of patient-derived CD41 

T cells with PMA/ionomycin (day 1–7), followed by rest (day 7–21), and 
then restimulation (day 21–28) in the presence of raltegravir and efavirenz. 
Cell-associated HIV-1 DNA (CAD) and virion RNA in the supernatant 
were quantified by qPCR. Single genome sequencing (SGS) was performed 
to characterize proviruses and virion RNA. The replication-competence 
of proviruses in cultured cells was determined by the viral outgrowth 
assay (VOA) at multiple time points.

Experiments were performed with purified CD41 T-cells from five 
consecutive donors who had been suppressed on ART for .2 years (median 
5 13.4 years). In all experiments, HIV-1 RNA levels in supernatant in-
creased following initial stimulation, decreased or remained stable during 
the rest period, and increased again with restimulation. Cell-associated 
HIV-1 DNA levels did not show a consistent pattern of change. SGS  
revealed outcomes of proviral populations including both elimination 
and expansion. Importantly, a subset of proviruses expanded and  
produced infectious virus continuously.
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Functional analysis of the retinoblastoma protein 
in small cell lung cancer
Elizabeth Buss, HHMI Medical Fellow, Sidney Kimmel Medical 
College at Thomas Jefferson University (Harvard Medical School)

Mentor: William G. Kaelin Jr., MD, Howard Hughes Medical Institute,  
Dana-Farber Cancer Institute, Brigham and Women’s Hospital and Harvard 
Medical School 

Small cell lung cancer (SCLC) is a distinct 
clinical entity within the range of lung cancers. 
SCLC is the most aggressive form of lung cancer, 
with a tendency for early dissemination and a 
median survival of 5–10% at five years. Increasing 
evidence has pointed to a critical role of the  
retinoblastoma protein (pRB) in the molecular 
pathogenesis of small cell lung cancer. Human 
genomic data has demonstrated that mutation or 

loss of pRB occurs in essentially all small cell tumors. However, the functional 
role of pRB loss in small cell lung cancer has not been fully explored.

pRB acts as a tumor suppressor in a variety of cancers. Many cancers with 
wild-type pRB harbor mutations in key regulators of the retinoblastoma 
pathway such as p16, cdk4, or cyclin D1. Indeed, most cancers are believed 
to have compromised the pRB tumor suppressor pathway. Interestingly, 
p16, cdk4, and cyclin D1 mutations are rare in SCLC. This raises the pos-
sibility that the tumor suppressive role of pRB in SCLC is not linked to 
the canonical retinoblastoma pathway. In order to explore the tumor  
suppressive role of pRB in SCLC, we engineered isogenic RB12/2SCLC 
cell lines that inducibly express pRB using a “Tet-On” system. We then 
performed an unbiased CAS9/CRISPR loss of function screen to identify 
genes that, when inactivated, conferred a growth advantage in SCLC after 
induction of pRB. To our surprise we identified known proteins involved 
in the pRB canonical pathway, such as p16. We also identified a number 
of other genes that we are interrogating in secondary assays, including  
assays that utilize SCLC that express wild-type pRB compared to SCLC 
that express a non-phosphorylatable pRb. This comparison should allow 
us to place hits upstream, downstream, or parallel of pRB. This information 
may provide mechanistic insights into tumor suppression by pRB as well 
as illuminate potential therapeutic opportunities for this disease. 
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Adult-onset liver disease and hepatocellular  
carcinoma in S-adenosylhomocysteine  
hydrolase deficiency
Rima Shah Chakrabarti, HHMI Medical Fellow,  
University of Texas Southwestern Medical School 

Mentor: Helen H. Hobbs, MD, Howard Hughes Medical Institute and  
University of Texas Southwestern Medical School

The clinical use of exome sequencing has revealed 
unusual presentations of known inherited diseases. 
Here we performed whole exome sequencing on 
a woman of Pakistani descent who was the off-
spring of a consanguineous mating. She developed 
elevated aminotransferases at age 23 and was  
diagnosed with hepatocellular carcinoma at age 
29. The patient died with no diagnosis after  
undergoing liver transplantation at age 32.  

Sequencing of her exome revealed homozygosity for a missense mutation 
(R49H) in AHCY, the gene encoding S-adenosylhomocysteine (SAH) 
hydrolase, which catalyzes the conversion of SAH to homocysteine, a key 
step in the methionine cycle. Inactivating mutations in this enzyme cause 
an autosomal recessive disorder that typically presents in infancy with 
liver disease and developmental delay. A 7-year-old son of the proband, 
who is healthy and a good student, was found to be homozygous for the 
same AHCY-R49H mutation. He had mildly elevated aminotransferases 
and markedly elevated serum levels of methionine, S-adenosylmethionine 
(SAM), and SAH, confirming that the variant caused a loss of function. 
The son was placed on a low-methionine diet for 4 weeks, which resulted 
in significant reductions in his aminotransferases, methionine, SAM, and 
SAH levels.

This work reveals that the initial presentation of SAH hydrolase  
deficiency can be an adult-onset liver disease and that affected women can 
give birth to healthy children. Serum amino acid measurement should be 
included in the evaluation and management of patients with liver disease 
of unknown etiology, especially in those with a family history of consan-
guinity. Finally, future studies will determine if the strikingly early onset 
of hepatocellular carcinoma in this patient is due to alterations in  
DNA or protein methylation secondary to SAH-mediated inhibition  
of methyltransferases.
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Reversal of autosomal dominant retinitis  
pigmentosa using rAAV delivery of CRISPR/Cas9
Emily Chang, HHMI-FFB Medical Fellow, Baylor College  
of Medicine 

Mentor: Theodore Wensel, PhD, Baylor College of Medicine

Autosomal dominant-inherited diseases pose a 
unique challenge in gene therapy because they 
require inactivation of a disruptive allele before a 
supplemented gene’s effects can be propagated. 
Gene editing using programmable nucleases has 
become an attractive potential therapeutic be-
cause of its ability to permanently knockout 
gene expression. By subsequently introducing 
WT cDNA, this “kill and replace” strategy offers 

a solution to autosomal dominant disease therapy. The eye is a great testbed 
for optimizing gene therapy because of its relative immunoprivilege and 
contained environment. Retinitis pigmentosa (RP), the most prevalent 
hereditary cause of blindness, refers to a diverse collection of inherited 
retinal degeneration disorders that progressively constrict the visual field, 
eventually resulting in blindness. Rhodopsin, the primary photon detector 
protein found in photoreceptor cells, is the most common gene mutated 
in the autosomal dominant form of RP (ADRP).

In this study, we utilize the CRISPR/Cas9 endonuclease system to  
introduce double strand breaks to investigate rhodopsin-linked ADRP 
therapy. We package Cas9 and guide RNA’s targeting rhodopsin into rAAV8, 
a serotype of adeno-associated virus with a tropism for photoreceptor cells. 
Our strategy is to perform subretinal injections of these rAAV8 vectors in 
heterozygous and homozygous P23H-human rhodopsin-RFP mice along 
with cotransduction of WT rhodopsin cDNA in the latter mice. Gene 
editing is confirmed by loss of fluorescence and deep sequencing while 
morphology is assessed with retinal wholemounts. Ultimately, this study 
will establish a “kill and replace” strategy that can be applied to a whole 
range of autosomal dominant-inherited diseases.
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Significance of tubular epithelial density  
on functional recovery of tubular architecture  
after acute kidney injury
Elizabeth Chen, HHMI Medical Fellow, Yale School of Medicine  

Mentor: Lloyd Cantley, MD, Yale School of Medicine

After kidney ischemia/reperfusion (I/R) injury, 
the surviving resident tubular cells proliferate 
and serve as the principal source of tubule regen-
eration. While many studies have uncovered the 
signaling pathways and growth factors critical to 
this process, little is known about the functional 
recovery of the tubular architecture and the role 
that this plays in suppressing or promoting the 
interstitial scarring that can lead to chronic kidney 

disease. We hypothesized that there is an optimal cell density required for 
tubular epithelial cell function, and that this homeostatic set point must 
be reached again after injury in order for the tubule to re-establish normal 
architecture and function.

To assess these changes, we used two photon microscopy to create and 
analyze the three dimensional morphology of injured versus non-injured 
nephron segments in I/R injured C57BL/6 mice. We then used ImageJ 
to manually reconstruct tubule segments and evaluate their nuclear density. 
Our preliminary data demonstrates a density of 5.34- 4 nuclei/μm3 in the 
S3 segment of the proximal tubule. To characterize these differences at 
the transcriptional level, we induced I/R injury in a separate mouse model, 
ROSA26-Tomato-mGFP/yGT-Cre mice in which proximal tubule cells 
fluoresce green and all other cells fluoresce red. We then utilized Laser 
Capture Microdissection to specifically isolate proximal tubules for com-
parison of tubular cell mRNA expression of injured versus non-injured 
proximal tubules by RNA sequencing. These results will provide new insights 
into the fundamental drivers of fibrosis and thus identify novel targets for 
therapies to suppress the transition from acute kidney injury to chronic 
kidney disease.
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Complete genomic sequences of Propionibacterium 
freudenreichii phages from Swiss cheese reveal 
more diverse genomes than Propionibacterium 
acnes phages
Lucy Cheng, HHMI Medical Fellow, University of California,  
San Diego, School of Medicine (David Geffen School of Medicine  
at UCLA)

Mentor: Robert L. Modlin, MD, David Geffen School of Medicine at UCLA

Acne is a major dermatological issue, causing not 
only physical scarring but also significant psy-
chological distress. The pathogenesis of acne has 
been in part attributed to the role of Propioni-
bacterium acnes and the current most effective 
treatment is oral antibiotics limited by develop-
ment of resistance and isotretinoin which has many 
systemic side effects. In studying the phage 
which infect P. acnes, as a potential alternative 

acne treatment, we found these phage genomes to be surprisingly limited 
in diversity. To determine if this is a feature of the Propionibacterium 
genus, we sequenced the genomes of phages which infect P. freudenreichii, 
present in Swiss cheese.

We have isolated and sequenced the full genomes of seven P. freudenreichii 
phages from various cheese samples that fall into two distinct genomic types. 
Cluster BV includes Anatole, E1, B3 and Cluster BW includes Doucette, 
B22, E6, G4. Our data demonstrating the genetic diversity in P. freuden-
reichii phages is in striking contrast to high homology of P. acnes phages. 
P. freudenreichii phage and host have similar GC content of ~65% and there 
is presence of prophage sequences in the host, suggesting phage-bacterium 
interaction at genomic level.

These findings suggest substantial differences in the evolution of different 
Propionibacterium spp. The firstly fully sequenced phages also sheds 
greater understanding in finding ways to control phage contamination in 
cheese factories. Finally, there is a genetic system for introducing genes 
into P. freudenreichii, unlike P. acnes, such that the genome comparisons 
performed in this study provide insight in creating a shuttle phage vector 
to introduce the engineered phage to target acne.
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Partner selectivity in Drosophila neural circuits

Benjamin Cocanougher, HHMI Medical Fellow, University of 
Rochester School of Medicine and Dentistry (Janelia Research Campus)

Mentor: Marta Zlatic, PhD, Janelia Research Campus, Howard Hughes  
Medical Institute

As neural circuits develop, selective connections 
form. The current model states that axons and 
dendrites are placed using a three-dimensional 
coordinate system of guidance cues. Once pre- 
and postsynaptic partners arrive in the appropriate 
termination domain, connections are made at 
random; activity determines ultimate connectivity. 
Local target-derived cues may determine precise 
connectivity between partners, however the 

identity and role of these putative cues is unclear. Pre- and postsynaptic 
partners are not known in most systems; where partners are known, they 
are difficult to manipulate. The Drosophila embryo is an ideal model  
to search for target-derived cues given the wealth of genetic tools and 
connectomic reconstructions. The circuitry downstream of somatosensory 
neurons has recently been characterized in full using serial section electron 
microscopy (EM) reconstruction.

Here we introduce an experimental connectomics approach to test 
the model of partner selectivity. Through manipulation of receptors for 
repulsive guidance cues, we selectively shifted pre- or postsynaptic partners 
to directly test the role of target-derived attractants in the neuropile; the 
processes of mutant animals with aberrantly placed presynaptic axons and 
wild type postsynaptic dendrites were then traced with EM reconstruction. 
We found that wild type postsynaptic interneuron dendrites are able to 
seek and find their presynaptic sensory axon partners. This suggests that 
partner-level selectivity cues exist. RNA-seq of pre- and postsynaptic 
partners revealed over 250 candidate genes; the tetraspanin family makes 
up over 30 of these candidates and provides the combinatorial logic for a 
partner-level selectivity code. We are now testing the functional role of 
the tetraspanins in selective synaptogenesis. Our results suggest that neurons 
make highly selective connections using a combinatorial molecular code; 
understanding this code is key to understanding disorders of aberrant wiring.
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Steroid-5α-reductase-1 as a potential target  
to disrupt progression to castration-resistant  
prostate cancer
Charles Dai, HHMI Medical Fellow, Cleveland Clinic Lerner  
College of Medicine of Case Western Reserve University 

Mentors: Nima Sharifi, MD and Eric A. Klein, MD, Cleveland Clinic Lerner 
College of Medicine of Case Western Reserve University

Androgen deprivation therapy (ADT) by medical 
or surgical castration is a mainstay of treatment 
for prostate cancer, the second leading cause of 
cancer-related death in U.S. men. Although 
ADT is initially effective in disrupting androgen 
receptor (AR) signaling necessary for tumor 
growth, responses to ADT are almost invariably 
followed by recurrence with lethal castration-re-
sistant prostate cancer (CRPC). We are inter-
ested in characterizing non-canonical pathways 

of androgen synthesis, which can restore AR activity during this patho-
physiologic transition. Specifically, our aim is to elucidate the role of 
steroid-5α-reductase isoenzyme-1 (SRD5A1) in harnessing adrenal-de-
rived steroids to bypass T as an obligate precursor for DHT synthesis.

To model potential differences in routes of DHT synthesis in a hor-
mone therapy-naïve versus castrate setting, we first developed a method 
of ex vivo culture using prostate tissue procured from men undergoing 
surgery for localized cancer. We then employed stable isotopic tracing 
with 13C-labeled AD and analysis by liquid chromatography-tandem mass 
spectrometry to track carbon labeling of downstream metabolites, under 
varying conditions of T availability. For comparison, metastatic prostate 
cancer cell lines were similarly studied. Additionally, stable knockdown 
cell lines with SRD5A1 silencing were generated for ongoing investigations 
of SRD5A1-mediated AR signaling and DHT maintenance. Early findings 
demonstrate that AD contributes to DHT in a non-castrate setting, and AD 
may even be a preferred substrate in localized, hormone-naïve prostate cancer. 
Continued work will focus on further elucidating distinct metabolic patterns 
in localized cancer and potential co-regulatory functions of SRD5A1.
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Mouse models expressing precursors of  
broadly neutralizing antibodies against HIV
Mai Dao, HHMI Medical Fellow, Harvard Medical School 

Mentor: Frederick W. Alt, PhD, Howard Hughes Medical Institute, Boston 

Children’s Hospital and Harvard Medical School

Mouse models expressing precursors of anti-
HIV-1 broadly neutralizing antibodies (bnAb) 
could serve as assay systems for vaccine candidates. 
The conventional approach is to integrate assem-
bled human immunoglobulin (Ig) V(D)J exons 
into mouse Ig loci. However, this approach  
generates a limited primary antibody repertoire. 
Also, owing to poly-reactivity of certain bnAbs, 
immature B cells expressing them may be selected 

against. We devised strategies to address such impediments via a system 
that involves introducing Ig locus modifications into ES cells and then  
introducing them directly into B cells via Rag2 deficient blastocyst comple-
mentation. To address diversity, we separate bnAb Ig genes into component 
gene segments, incorporate the segments into normal locations in mouse 
Ig loci, and let them reassemble via V(D)J recombination in developing B 
cells. In this setting, the mice produce a diverse range of primary bnAbs 
variants, some of which also may not impede B cell maturation. To optimize 
this approach, we deleted the IGCR-1 IgH regulatory element to promote 
the high level usage of the human VH segment which is inserted in place 
of the proximal mouse VH segment. By this approach we have generated 
a mouse model for VRC01 bnAb. A unique aspect of our model is that, 
analogous to physiological situations, a specific V segment for this bnAb 
family (IGHV1-2*02) is expressed in association with diverse CDR3’s.  
In the second approach, we drive B cell development with Ig V(D)J exon 
that is not self-reactive and use the cre-loxP recombination system to swap 
the “driver exon” with the bnAb V(D)J exon in mature B cells. By this method, 
we expressed the VRC26 bnAb that features an unusual antigen-binding 
site and which is selected against during B cell development.
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Testing inhibitors of NRAS-associated pathways 
as potential therapeutic strategies for  
preclinical models of congenital giant nevi 
Allison Dobry, HHMI Medical Fellow, Harvard Medical School  

Mentor: David Fisher, MD, PhD, Massachusetts General Hospital and  
Harvard Medical School

Giant congenital melanocytic nevi are oncogene-
driven proliferations of melanocytes present 
since birth that are greater than 20 cm in pro-
jected adult size, and have a melanoma conversion 
frequency of approximately 10 to 15%. Melanoma 
in these patients typically develops during child-
hood, is extremely aggressive, is refractory to 
therapy, and is almost universally fatal. There-
fore, targeted therapies would be enormously 

beneficial. Neuroblastoma RAS Viral Oncogene Homolog (NRAS)  
activating mutations are postulated to be the driver mutation of giant 
congenital nevi. I wish to test the hypothesis that constitutive NRAS  
activation may be important for maintenance of congenital melanocytic 
nevi, and that inactivation of pathways constitutively stimulated by this 
mutation may provide a therapeutic opportunity for children with  
these lesions. For in vivo studies, we established two giant congenital  
nevi murine models: one with an inducible NRAS activating mutation 
(Tyr::CreERT2;NRASQ61R), and one with a constitutive mutation 
(Dct::Cre;NRASQ61R). For in vitro studies, we established corresponding 
primary cell lines from our two murine models. We will also establish 
melanoma cell lines from melanomas arising from our mouse models. 
These models serve as a useful toolkit for screening drug therapies that 
may aid in congenital giant nevus regression. Current therapies being 
screened include targeted small molecule inhibitors, epigenetic modifiers, 
melanocytotoxic agents, immunotherapy drugs, and combination therapies. 
Efficacies of molecules in the in vitro drug screen will be evaluated by growth 
curve assays, and effective therapies will then be tested in the in vivo model. 
To test drug efficacy in the in vivo model, we will take punch biopsies of 
the nevus lesion to visualize skin architecture and evaluate nevus regression. 
Hopefully, utilizing these several novel preclinical models will lead to  
potential clinical treatment alternatives to the current limited options.
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Osteogenic gene expression and cell proliferation 
in heterotopic ossification derived cells
James Drake, HHMI Medical Fellow, University of Michigan 
Medical School 

Mentor: Stewart Wang, MD, PhD, University of Michigan Medical School

Heterotopic ossification (HO) is the ectopic 
formation of bone in soft tissue, often caused by 
trauma or due to rare genetic mutations in 
BMP-SMAD pathways. HO can cause pain, 
nerve entrapment, and limit mobility. Treatments 
include pharmacologic and surgical modalities 
but are limited by residual deficit or recurrence. 
Modulation of osteogenic signaling is a proposed 
therapeutic avenue, however, it remains unclear 

if HO associated cells demonstrate differences in osteogenic signaling 
compared to cells in uninjured native tissues, which could inform and 
substantiate novel treatments. Here, we evaluate the growth and osteogenic 
capacity of both murine HO, via a trauma-induced model and a genetic 
model (Nfatc1-cre/caACVR1fl/wt), as well as human HO. We then evaluate 
the response of these cells to the small molecule BMP receptor inhibitor 
LDN-212854. We hypothesize that cells derived from HO will demon-
strate increased proliferation and up-regulation of osteogenic mRNAs 
and BMP-SMAD proteins that will be mitigated by LDN-212854.

Cells were isolated from HO and from corresponding native tissues in 
each model. Cell proliferation was assessed by BrdU ELISA. Osteogenic 
differentiation was assessed by alkaline phosphatase (ALP) and alizarin 
red (AR) stain, and mRNA and protein expression. In all three models 
HO-derived cells showed greater proliferation (p,0.05), ALP, and AR 
staining, and pSmad 1/5 expression versus control cells. Both murine 
models showed increased mRNA expression for alp, ocn, osx, and runx2. 
Inhibition of osteogenic signaling via LDN-212854 decreased osteogenic 
capacity by ALP and AR quantification (p,0.05), but interestingly not to 
native levels. These data demonstrate that cells derived from HO exhibit 
significant differences in cellular behavior and osteogenic capacity com-
pared to native cells and contribute to rationale for the use of therapeutics 
targeting osteogenic pathways.
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A programmed death pathway in the axon
Kow Essuman, HHMI Medical Fellow, Washington University in 
St. Louis School of Medicine 

Mentor: Jeffrey Milbrandt, MD, PhD, Washington University in St. Louis 

School of Medicine

Axon degeneration is a form of programmed 
subcellular death resulting in the destruction of 
axons in injury and disease states. Injury-induced 
axon degeneration is thought to be independent 
of classic apoptotic regulators and necroptotic 
pathways as genetic and pharmacologic inhibition 
of these pathways do not significantly delay or 
prevent degeneration. Sterile alpha and TIR 
motif- containing-1 (SARM1) was recently re-

ported to be an essential mediator of an injury-induced axon death pathway, 
though the mechanism behind its action remains to be solved. Here, we 
report that SARM1 mediates axon degeneration locally, by a catastrophic 
depletion of nicotinamide adenine dinucleotide (NAD1). First, we demon-
strate that dimerization of the TIR domain of SARM1 using a pharmaco-
logically controlled dimerization system, is sufficient to induce axon 
degeneration. Moreover, catastrophic loss of NAD1 within 15 minutes 
after TIR dimerization underlies this degeneration process. Finally, supple-
mentation with the NAD precursor, nicotinamide riboside (NR), and 
overexpression of the NAD1 biosynthetic enzyme, nicotinamide mono-
nucleotide adenylyltransferase (NMNAT) significantly delay this active 
degenerative process. Ongoing studies include using CRISPR/Cas9 genome 
editing of known NAD-consuming enzymes like poly (ADP) ribose 
(PARP), sirtuin, and CD38, to identify the enzyme responsible for NAD 
depletion upon TIR dimerization. These studies will help elucidate the 
molecular underpinnings of axon degeneration, and provide new targets 
for neurodegenerative diseases.
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Stromal interaction molecule 1 (STIM1)  
is required for a normal contractile phenotype  
in the murine myometrium
Chelsea Feldman, HHMI Medical Fellow, Duke University 
School of Medicine 

Mentors: Paul Rosenberg, MD and Chad Grotegut, MD, Duke University 
School of Medicine

Appropriate regulation of uterine contractility is 
necessary for successful parturition. Store-operated 
calcium entry (SOCE) is the pathway by which 
cytosolic calcium [Ca21]i is replenished in response 
to depleted calcium stores in the sarcoplasmic 
reticulum (SR). Stromal interaction molecule 1 
(STIM1) is a single-pass transmembrane protein 
that acts as a [Ca21] sensor by activating SOCE 
channels on the plasma membrane in response 

to depleted SR [Ca21]. The objective of this study was to determine the 
extent of STIM1 expression and function in the myometrium.

C57BL/6J (B6) mice underwent timed matings and myometrium was 
harvested at various time points during the pregnancy and processed for 
histology, western blot, and electron microscopy. Next, myometrial strips 
from non-pregnant and term pregnant B6 mice were suspended in a tissue 
organ bath and stimulated with increasing doses of oxytocin in the presence 
of a STIM1 inhibitor or vehicle control and the contraction responses 
measured. Lastly, myometrial strips from a STIM1-LacZ haploinsufficiency 
model were harvested for staining as well as contraction assays in a tissue 
organ bath. Contraction responses were compared using two-way repeated 
measures ANOVA with corrections for multiple comparisons.

STIM1 is expressed in the murine myometrium and localizes to the 
SR and plasma membrane. STIM1 is upregulated during early pregnancy 
and remains elevated throughout gestation and immediately postpartum. 
Treatment of uterine muscle strips with a SOCE inhibitor results in de-
creased contraction force and frequency in response to oxytocin in both 
pregnant and non-pregnant mice. Similarly, myometrial strips isolated 
from a genetic model of STIM1 haploinsufficiency also demonstrated  
decreased uterine contraction force and frequency in response to oxytocin 
compared to controls. Finally, both STIM1 pharmacologic inhibition 
and STIM1 haploinsufficiency result in an inability to produce tetanic 
contractions in response to oxytocin.

STIM1 is critical in tissues that undergo repetitive contraction. 
STIM1 is necessary for a normal contractile phenotype in the myome-
trium of both pregnant and non-pregnant mice. Variations in STIM1 
genotype or expression within the myometrium of women may result in 
dysfunctional labor phenotypes.
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High serum soluble intercellular adhesion  
molecule-1 concentration (sICAM-1) is associated 
with hepatocellular carcinoma development in 
patients with chronic hepatitis B, chronic hepatitis 
C, or non-viral liver disease: multiplex analysis  
of 51 cytokines and other serum markers
Jacqueline Estevez, HHMI-AGA Medical Fellow, Boston  
University School of Medicine (Stanford University School of Medicine)

Mentor: Mindie H. Nguyen, MD, MAS, Stanford University School of Medicine

Hepatocellular carcinoma (HCC) is a serious 
complication of chronic liver disease and a leading 
cause of cancer mortality worldwide. Conventional 
risk factors such as cirrhosis, age, and ethnicity 
have limited ability to predict HCC risk. Our goal 
was to identify serum markers that can predict 
HCC development in patients with underlying 
liver disease.

We performed a prospective cohort study of 
284 patients with chronic liver disease (106 hepatitis B virus [HBV],  
114 hepatitis C virus [HCV], and 64 non-viral) without HCC at baseline. 
Patients were enrolled from 2000 to 2007 and followed until HCC  
development (median follow-up5155.3 months, IQR545.8-210.8 
months). Serum samples were obtained at baseline, and microplex analysis 
(Luminex 200 IS) was used to measure serum levels of 51 common cytokines 
and other biomarkers.

Lasso regression showed soluble intercellular adhesion molecule 1 
(sICAM-1) to be the most informative serum marker for HCC development. 
Patients with baseline sICAM-1 level above the median (.11,000 pg/mL) 
had significantly higher HCC incidence than those with below - median 
levels (p50.001). At a cutoff of 13,000 pg/mL, the association between 
sICAM-1 and HCC risk was strongest and most significant (hazard ratio 
[HR]54.38; p50.0001). For each individual etiology subgroup, there 
was at least a trend toward an association between high serum sICAM-1 
concentration and increased HCC incidence, though these were not al-
ways statistically significant (p50.027, 0.133, and 0.033 for HBV, HCV, 
and non-viral, respectively). On multivariate analysis including age, sex, and 
cirrhosis status, sICAM-1 remained associated with HCC risk (HR52.50, 
95% CI51.09-5.74, p50.031).

Higher serum sICAM-1 concentration is associated with significantly 
higher risk for HCC development, independent of conventional clinical 
risk factors and across diverse etiologies of liver disease.
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Characterizing the innate-like B-1 cell in a  
murine model of is¬chemia reperfusion injury
Daniel Firl, HHMI Medical Fellow, Cleveland Clinic Lerner College 
of Medicine of Case Western Reserve University (Harvard Medical School)

Mentors: Michael C. Carroll, MS, PhD, Harvard Medical School and John J. 
Fung, MD, PhD, Cleveland Clinic Lerner College of Medicine of Case Western 
Reserve University

We propose a reexamination of the underappre-
ciated role of B-1 cells, an innate-like subset of B 
lymphocytes, in ischemia reperfusion injury (IRI). 
IRI is a two phase insult composed of an acute, 
ischemic injury leading to energy depletion and 
oxidative species which, alongside cellular effectors, 
cause further damage following reperfusion,  
resumption of blood flow. IRI takes place in a 
variety of clinical settings but is particularly  

relevant to transplant recipients since every allograft will experience some 
degree of IRI. B-1 cells are a subset of B lymphocytes different from con-
ventional, B-2 cells, in that they derive from a self-renewing progenitor 
early in development. They do not undergo N region addition during V 
region rearrangement; nor do they undergo somatic hypermutation and 
thus exhibit a limited repertoire of lower affinity natural antibody (NAb). 
A common target of NAb are self-antigens associated with apoptotic debris. 
CD5 expression distinguishes B-1a(1) and B-1b(2) cells.

We established a model of IRI through unilateral renal pedicle clamping 
for 60 min. In B6 mice, following IRI, there is an increase in B-1a cells by 
FACS as early as 16 hours compared to shams (300%, p,0.05), and is 
maintained in the inflamed tissues at least through 72 hours. In vitro, 
these cells possess many regulatory functions including the potential to 
produce IL-10 in response to BCR signaling. At 72 hours, there is an in-
crease in T lymphocytes in the inflamed kidney (250%, p,0.05). Prelimi-
nary experiments indicate ~15% of the T cell infiltrate is CD41CD251, 
possibly Treg. We propose to examine whether B-1a cells have a regulatory 
role in vivo and if so do they interact with Treg. We are also performing 
heterotopic cardiac transplants to evaluate the impact of these cells on 
peripheral tolerance. Understanding how inflammation is regulated following 
ischemia and the role of B-1a cells in clinically relevant transplant models 
will provide new therapeutic approaches for transplant recipients.
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Intravascular magnetic enrichment  
of circulating tumor cells
Tianjia Ge, HHMI Medical Fellow, Washington University in  
St. Louis School of Medicine (Stanford University School of Medicine)

Mentor: Sanjiv S. Gambhir, MD, PhD, Stanford University School of Medicine

Metastatic cancer is likely mediated by circulating 
tumor cells (CTCs). Enumeration and analysis of 
CTCs allows insight into both a tumor’s presence 
and its molecular profile, allowing earlier detection 
and more effective guidance of therapy. However, 
CTCs are extremely rare, often found at levels of 
only 1-10 cells per ml of blood. Current detection 
methods usually capture CTCs from a standard 
blood draw of 7.5 ml, and the low CTC yield is 

often inadequate for molecular characterization of disease.
Here we describe a minimally-invasive device to enrich and retrieve 

CTCs from the entire subject blood volume (5 L in an adult), thereby 
greatly increasing the number of CTCs that can be detected and characterized. 
A flexible wire composed of neodymium magnets ,1 mm in diameter 
would be inserted intravascularly into a patient’s arm. The patient would 
be injected with 1 μm magnetic iron oxide nanoparticles that have been 
functionalized with antibodies against EpCAM, a common surface 
marker on CTCs, in order to bind CTCs in the bloodstream and allow 
them to be captured on the magnetic wire. After the CTC-coated wire is 
retrieved, the captured cells can be characterized by PCR or cultured for 
drug-resistance testing. The device captures .50% of circulating cells in 
spiking experiments within a closed-loop circulation system, and .15% 
of cells after only a single pass. When sampling the entire blood volume 
over 1 hour, this would translate into a roughly 100-fold increase in yield 
compared to traditional techniques. We aim to eventually capture CTCs 
shed from endogenous tumors in rabbits. This work is a first proof-of-
principle of intravascular CTC detection, and also has applications to 
other circulating biomarkers in the blood.

 



M E D I C A L  R E S E A R C H  F E L L O W S  P R O G R A M
 

Poster Abstracts

16

2 0 1 6  S c i e n t i f i c  M e e t i n g  o f  M e d i c a l  F e l l o w s

27

In vitro and in vivo characterization  
of a novel human SIRP-α agonist antibody
Benson George, HHMI Medical Fellow, Stanford University 
School of Medicine 

Mentor: Irving L. Weissman, MD, Stanford University School of Medicine

Signal regulatory protein alpha (SIRP-α) is a 
membrane receptor whose expression is mostly 
restricted to phagocytic hematopoietic cells 
whereas its ligand, CD47, is virtually expressed 
on every mammalian cell. When bound to 
CD47, this interaction paralyzes phagocytic cells 
from ingesting their targets, and thus this binding 
has been described as a “don’t eat me” signal. 
Since many cancers have been shown to up-regulate 

CD47, blocking this signaling axis has significant therapeutic potential by 
promoting phagocytosis of tumor cells. However, enhancing this signal to 
mitigate phagocytosis for the treatment of autoimmune disease has been 
understudied due to a lack of agonistic agents. Here we describe a novel 
agonist antibody, P362, that binds human SIRP-α.

P362 is a fully humanized monoclonal antibody with an IgG4 isotype. 
We show that P362 can outcompete soluble human CD47 binding to 
human SIRP-α in a dose dependent manner. We also tested the antibody’s 
ability to reduce in vitro phagocytosis using human macrophages derived 
from donor peripheral blood mononuclear cells. P362 significantly decreased 
cetuximab-induced phagocytosis of an EGFR expressing colon cancer cell 
line, DLD-1. Similarly, P362 significantly inhibited rituximab-induced 
phagocytosis of a CD20 expressing lymphoma cell line, Raji, by primary 
human macrophages.

We also tested the therapeutic potential of P362 for treating autoimmune 
hemolytic anemia, where macrophages pathologically phagocytose erythrocytes 
coated by autoantibodies. In vitro, P362 was able to reduce donor macro-
phage phagocytosis of opsonized human erythrocytes by 40-50%. Addi-
tionally, in transgenic mice bearing human SIRP-α, P362 was able to extend 
the half-life of injected human erythrocytes by 3.3-fold. We believe P362 
is a new tool that will enable us to further study the CD47- SIRP-α axis 
and represents a potential therapeutic agent.

 

28

A convection-enhanced macroencapsulation  
device for the treatment of type I diabetes
Allison Hamilos, HHMI Medical Fellow, Harvard Medical School

Mentor: Jeffrey M. Karp, PhD, Brigham and Women’s Hospital, Harvard 

Medical School and Massachusetts Institute of Technology

Subcutaneously-implantable, immunoisolated 
macroencapsulation devices (MEDs) restore glucose 
homeostasis in rodent models of type 1 diabetes 
(T1D). These pouch-like devices protect trans-
planted β-cells from the host’s immune system, 
thereby obviating insulin injections and immuno-
suppression. Despite their promise, current 
MEDs have yet to reach the clinic because they 
cannot sustain enough cells. The problem is de-

pendence on passive diffusion to harvest nutrients from the surrounding 
host tissue, which is only sufficient to feed a monolayer of islets housed in 
a wafer-thin capsule (a 0.4 cm2 device supports ~1,000 islets). Because 
.500,000 islets are required to maintain euglycemia in a human adult, a 
T1D patient would require .500 wafer devices, making diffusion-limited 
MEDs impractical therapies. Many biotech companies have attempted to 
improve diffusion-limited MEDs, but no 2D MED geometry has overcome 
the cell-number limitations preventing clinical efficacy.

A MED capable of sustaining physiologic numbers of islets could change 
the standard of care for type I diabetics. We hypothesize that improving 
nutrient transport to encapsulated cells will generate such a clinically  
relevant device. We propose a 3D, convection-enhanced MED (ceMED) 
capable of perfusing cells beyond the 200 μm diffusion limit, thereby enabling 
sufficient numbers of islets to be housed in devices practically sized for humans.

To test this hypothesis, we created in silico and in vitro ceMED models, 
which demonstrate increased cell survival and glucose-stimulated insulin 
secretion as perfusion rate increases. We determined the necessary dimensions 
and perfusion rates of effective ceMEDs for T1D therapy and fabricated 
prototypes for in vivo study. We are currently characterizing survival and 
function of these prototypes in rat models of T1D. As the culmination of 
this proof-of-concept, we aim to validate a human-sized ceMED that may 
be accelerated to clinical trials in the next couple of years.
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A new reporter tool: illuminating activation  
of toxin-antitoxin systems in bacteria
David Huang, HHMI Medical Fellow, The Warren Alpert Medical 
School of Brown University (Massachusetts Institute of Technology)

Mentor: Michael T. Laub, PhD, Howard Hughes Medical Institute and  
Massachusetts Institute of Technology

The emergence of bacterial resistance has  
increased the number of infections that are difficult 
to treat. Further complicating matters is bacterial 
persistence, a noninherited, reversible state 
where bacteria can transiently survive antibiotic 
treatment.

Recently, toxin-antitoxin (TA) systems, 
which are co-operonic gene modules widely 
present on bacterial chromosomes, have been 

implicated in persister cell formation. TA systems typically encode a 
toxin that targets essential cellular functions and an antitoxin that binds 
and neutralizes its cognate toxin. Further, the TA complex inhibits its 
own transcription. For a toxin to become activated, the intrinsically more 
labile antitoxin typically must be degraded even faster, resulting in in-
creased transcription and allowing the unbound toxin to inhibit growth. 
The current model for TA system activation suggests a linear pathway in 
which an increase in the small-molecule (p)ppGpp results in build up of 
inorganic polyphosphate, which then activates the Lon protease that de-
grades antitoxins and activates TA systems. However, this model remains 
largely untested.

We developed a new method that monitors TA system activation  
in vivo through a transcriptional reporter. We found that overproducing  
(p)ppGpp elevates signal from a reporter for the relBE system, both in 
the presence and absence of RelBE. We also observed reduced relBE  
reporter activity in cells lacking Lon, again, in the presence or absence  
of RelBE. The RelBE-independent effects of (p)ppGpp and Lon on the 
relBE promoter challenge the current model in which (p)ppGpp activates 
TA systems by promoting Lon degradation of antitoxins.

Lastly, we showed elevated reporter signal of the mazEF TA system  
in cells treated with sublethal amounts of antibiotic, a condition thought  
to generate persister cells. Insights gained from our reporters will provide 
a better understanding of TA systems and their potential contribution  
to persistent bacterial infections.
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A novel reporter of B cell auto-reactivity  
and senescence
John Huizar, HHMI Medical Fellow, University of California, 
San Francisco, School of Medicine 

Mentors: Julie Zikherman, MD, University of California, San Francisco, School 
of Medicine and Arthur Weiss, MD, PhD, Howard Hughes Medical Institute 
and University of California, San Francisco, School of Medicine

Although humoral immunity is impaired with 
advanced age, autoantibody production para-
doxically increases with age. The mechanisms 
linking these phenomena with the senescence of 
the B cell compartment, however, remain poorly 
understood. While bone marrow B cell production 
declines markedly in aged mice, the total number 
of mature naive B cells surprisingly remains stable. 
Interestingly, in vivo labeling studies revealed 

that mature B cells in aged mice have a several-fold increase in life span to 
account for their persistence in the face of declining bone marrow output. 
Neither the cause nor the consequences of this increase in B cell lifespan 
have been elucidated. A means of marking the relative age of individual 
mature naïve B cells could serve as a powerful tool to explore the impact of 
cellular age on gene expression, antigen receptor repertoire, and functional 
capacity to participate in protective and pathologic immune responses.

Microarray studies by Goodnow and colleagues probing the genetic 
basis of B cell anergy identified Crisp-3, a gene of elusive function, to be 
highly upregulated in MD4xML5 anergic B cells compared to MD4 
“naïve” B cells. Here we report the characterization of a novel reporter 
mouse line in which GFP is knocked-in to the Crisp-3 genomic locus. 
GFP expression in this system is restricted to late transitional (T3) and 
mature follicular B cells. Reporter expression is not directly induced by 
BCR signaling, but requires endogenous antigen encounter, and marks 
auto-reactive B cells with low surface IgM BCR expression in vivo. Unex-
pectedly, the proportion of GFP-positive naïve B cells increases from 20% 
at age 7 weeks to 80% at age 9 months. The Crisp3 reporter thus marks an 
aging-associated feature of the B cell repertoire that may reflect heterogeneity 
at the level of B cell half-life, auto-reactivity, and/or gene expression. Ongoing 
efforts are aimed at characterizing phenotypic and functional differences 
between GFP-positive and GFP-negative reporter B cells.
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Phlpp inhibitors may reduce pain and be potential 
candidates for osteoarthritis treatment
Soyun Hwang, HHMI-OREF Medical Fellow, Mayo Medical School 

Mentor: Jennifer J. Westendorf, PhD, Mayo Clinic  

Osteoarthritis (OA) is the most common form 
of degenerative joint disease in the United 
States. OA poses an immense social and financial 
burden as it affects more than 27 million people 
and costs over $43 billion on healthcare annually. 
Current treatment regimens lack an FDA  
approved disease modifying drug and consist only 
of palliative measures, which do not change the 
disease progression, or radical joint replacement 

surgeries. It is imperative that we find therapeutic targets that can directly 
affect OA development.

We previously identified pleckstrin homology domain leucine-rich  
repeat protein phosphatase (PHLPP) as a potential treatment target. 
PHLPP is a protein phosphatase that suppresses chondrocyte proliferation 
and cartilage matrix production. PHLPP expression was found to be  
increased in human OA tissue and Phlpp1 knockout mice were more resis-
tant to surgically induced OA changes. PHLPP inhibitor NC117079  
was tested on cell and animal models. In ATDC5 chondrocytes, 5 μM 
NC117079 significantly increased Akt and PKC phosphorylation and 
cartilage matrix production. 12-week-old male C57 mice underwent 
sham surgery (control) or surgery to destabilize the medial meniscotibial 
ligament (DMM), which induces OA changes by week 6. At 7 weeks fol-
lowing sham or DMM surgery, mice received an intra-articular injection 
of PBS or 8μM NC117079. The Phlpp inhibitor did not shown adverse 
reaction or changes in activity and pain in a surgical sham group, estab-
lishing the safety of NC117079. The DMM group showed increased  
pain by 6 weeks as measured by von Frey assays using 0.16g, 0.4g, and 0.6g 
filaments, indicative of OA development. When the von Frey measurements 
were taken again at 1-week post-injection, the Phlpp inhibitor group 
showed decreasing trend in response to pain. Activity remained unchanged 
between PBS and inhibitor injected groups. Results of ongoing pain,  
histology, and imaging studies that further evaluate the effects of Phlpp 
inhibitor on OA progression will be presented. 

 

32

The role of red blood cells in  
reverse cholesterol transport

Sally Ingham, HHMI Medical Fellow, University of Nebraska 
College of Medicine (University of Texas Southwestern Medical School)

Mentor: Helen H. Hobbs, MD, Howard Hughes Medical Institute and University 

of Texas Southwestern Medical School

Cholesterol is transported from peripheral tissues 
to the liver through the blood, where it is secreted 
into bile. Plasma high density lipoproteins (HDL) 
have been proposed as a major vehicle for this 
process; however, mice lacking HDL do not  
accumulate cholesterol in peripheral tissues.  
This finding indicates that another blood com-
ponent can transport cholesterol to the liver.  
We propose that red blood cells (RBCs), which 

contain 50% of the cholesterol in blood, transport cholesterol to the liver 
and that hepatocytes take up cholesterol from RBCs via scavenger receptor 
class B type 1 (SCARB1). To test this hypothesis, we established an assay 
to measure the amount of cholesterol in RBC membranes that is accessible 
for uptake by SCARB1. Accessible RBC cholesterol is quantitated using 
a fluorescently labeled protein (fALOD4) that specifically binds cholesterol 
in intact cell membranes. We have found that RBC-fALOD4 binding 
varies 10-fold among individuals and is not related to the total cholesterol 
content of the RBC membrane. 

As we further explore the etiology and clinical significance of differences 
in RBC-fALOD4 binding, we are using genetically-modified mice to  
test the hypothesis that RBCs play a role in cholesterol transport.  
We have found that fALOD4 binding is very low in mice expressing no 
ApoA1 and thus lacking HDL, and is much higher in mice lacking hepatic 
SCARB1, which have very high HDL levels. To exclude the possibility 
that RBC-fALOD4 binding simply reflects plasma HDL levels, we are 
measuring fALOD4 binding in mice lacking both hepatic SCARB1 and 
ApoA1. We will also use stable isotope labeling to determine the relation-
ship between RBC cholesterol availability and RBC cholesterol flux in 
these mouse models. Taken together, these studies will further define the 
role of RBCs in cholesterol transport and may identify another risk factor 
for atherosclerotic disease.
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Evaluation of a novel bioengineered hydrogel  
for intramyocardial delivery of neuregulin-1β  
to reverse post-infarction cardiac remodeling
Christopher Jensen, HHMI Medical Fellow, Stanford University 
School of Medicine 

Mentor: Y. Joseph Woo, MD, Stanford University School of Medicine

Neuregulin-1β (NRG) is a growth factor and  
ligand of the ErbB2/ErbB4 receptor that is a key 
inducer of cardiomyocyte proliferation. Our lab-
oratory has developed a hydrogel platform that 
enables sustained intramyocardial delivery of 
NRG. We are now evaluating its therapeutic  
potential in a rodent model of chronic ischemic 
cardiomyopathy. Adult male Wistar rats (n529) 
underwent permanent ligation of the left anterior 

descending artery, resulting in a large anterolateral myocardial infarction. 
Four weeks after infarction, the left ventricle dilated and left ventricular 
ejection fraction was reduced to 46.2611.8%, confirming the development 
of heart failure. Rats subsequently underwent redo thoracotomy, and 
were randomized to 3 groups: a 100 μL borderzone injection of PBS (n59), 
hydrogel alone (n59), or NRG encapsulated in hydrogel (n511). Four 
weeks after treatment, no significant difference in left ventricular dimen-
sions or function was noted between groups. We plan to complete our 
functional assessment of NRG by increasing sample size. We will also in-
vestigate whether NRG is capable of inducing cardiomyocyte proliferation 
in the setting of chronic heart failure by examining hearts histologically 6 
days after treatment, as well as analyzing cardiomyocytes for downstream 
activation of the ErbB2/ErbB4 signaling pathway. Furthermore, an in 
vitro assessment of NRG’s ability to stimulate cardiomyocyte division in 
human IPS-derived cardiomyocytes is underway.

 

34

Targeting energy metabolic pathways simultaneously 
to cause synergistically bactericidal effects in  
Mycobacterium tuberculosis
Terrence Jones, HHMI-K-RITH Medical Fellow, University of 
Tennessee Health Science Center College of Medicine (KwaZulu-Natal 
Research Institute for Tuberculosis and HIV [K-RITH])

Mentor: Adrie J.C. Steyn, PhD, KwaZulu-Natal Research Institute for Tuberculosis 
and HIV (K-RITH) and University of Alabama at Birmingham

Mycobacterium tuberculosis (Mtb) is now ranked 
alongside HIV as the leading cause of death among 
infectious diseases. Mtb is an obligate aerobe 
that requires the use of flexible energy metabolic 
pathways to grow and survive. It was shown that 
when bedaquiline (BDQ), the first new anti-TB 
drug in 40 years, is used with other energy targeting 
drugs, clofazimine (CFZ) and Q203, one could 
achieve synergistic killing both in vitro and in vivo 

(infected macrophages) without affecting host cells. Therefore, these data 
suggest that targeting several energy metabolic pathways simultaneously 
(i.e. glycolysis, tricarboxylic acid cycle, etc.) that feed into the electron 
transport chain will cause a greater bactericidal effect. 

In this study, we optimized the Extracellular Flux Analyzer XF96 to 
measure the bioenergetics of in vitro and ex vivo Mtb bacilli. We charac-
terized several new energy pathway-targeting compounds for their efficacy 
against wildtypeMtb grown in vitro or isolated ex-vivo, and selected resistant 
mutants thereof, both in single or multi-drug combinations. We further 
investigated the mechanism of action of the most effective combinations 
using various techniques including bioenergetic profiling, metabolite analysis, 
NAD/NADH ratios and ATP/ADP ratios.

We have shown that targeting Mtb energy pathways hold great promise 
as an effective drug strategy. Importantly, we propose that Mtb’s flexible  
energy metabolism can be turned against itself. Although there are limitations 
of targeting single components of Mtb’s energy pathways, we believe  
they can be overcome by targeting several energy metabolic pathways  
simultaneously in a combination therapeutic approach.
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Exploring axonal dynamics during  
neocortical laminar innervation
Syed Khalid, HHMI Medical Fellow, Chicago Medical School at 
Rosalind Franklin University of Medicine and Science (Johns Hopkins 
University School of Medicine)

Mentor: Alex L. Kolodkin, PhD, Howard Hughes Medical Institute and Johns 
Hopkins University School of Medicine 

The cerebral cortex is a highly interconnected 
neural network of highly specialized cells within 
the mammalian brain that facilitates higher  
cognitive functions. Because discrete processing 
centers within the cerebral cortex perform complex 
computations and drive our unconscious and 
conscious experience of the world, the study of 
the molecular framework underlying these inter-
connected neural networks is essential to under-

stand how the brain functions and the molecular basis of cognitive disorders. 
Therefore, our goal is to study how extracellular and intercellular molecular 
signaling cascades drive select innervation events during brain development.

To approach this task, we focused on a group of neurons involved in 
connecting and integrating information from different functional areas of 
the cerebral cortex: layer II/III pyramidal neurons. Many of these neurons 
form cortico-cortico neural circuits that exhibit a highly stereotyped in-
nervation pattern. To better understand how these cells ultimately form 
these cortico-cortico networks, we visualized the developing innervation 
patterns of layer II/III pyramidal neurons located in the primary somato-
sensory cortex. Once we established the precise timing of innervation by 
layer II/III pyramidal neurons, we explored developmental mechanisms 
underlying this stereotypic innervation pattern and found that layer II/
III cortical layer-specific innervation is independent of intrinsic cellular 
activity, thalamocortical input, and central nervous system midline cross-
ing. Furthermore, we performed time-lapse microscopy on developing 
layer II/III pyramidal neurons and analyzed the axon branching and cyto-
skeletal dynamics responsible for laminar-specific innervation. To better 
visualize the developing mammalian cortex and to enable the study of 
complex cerebral cortex connectivity in the context of a whole brain, we 
developed a rapid brain clearing technique that facilitates our studies, and 
that should be of use to the neuroscience community at large. To identify 
the genetic and molecular basis of layer II/III pyramidal neuron connectivity, 
we are currently performing a targeted screen to elucidate the underlying 
molecular cues that direct layer II/III pyramidal neuron axon branching 
patterns during development.

 

36

Whole exome sequencing reveals patterns  
of recurrent mutations in atypical chronic myeloid 
leukemia and chronic neutrophilic leukemia
Vishesh Khanna, HHMI Medical Fellow, Cleveland Clinic Lerner 
College of Medicine of Case Western Reserve University (Oregon Health 
and Science University)

Mentors: Brian J. Druker, MD and Jeffrey W. Tyner, PhD, Oregon Health and 
Science University 

Atypical chronic myeloid leukemia (aCML) and 
chronic neutrophilic leukemia (CNL) are rare 
hematologic malignancies characterized by over-
lapping clinicopathologic features, including leuko-
cytosis and a hypercellular bone marrow. While 
oncogenic mutations in colony stimulating factor 
3 receptor (CSF3R), a prominent receptor involved 
in neutrophil function and differentiation, are 
commonly reported in aCML/CNL, there remain 

a significant percentage of cases in which the molecular pathogenesis remains 
poorly defined. We performed whole exome sequencing of leukemia samples 
from 86 patients with suspected aCML/CNL and identified at least one 
somatic mutation associated with myelodysplasia or myeloid malignancies 
in 74 (86%) samples, including 20 samples with CSF3R mutations. 
Segregation of these mutations according to CSF3R mutation status revealed 
that patients with CSF3R mutations had a higher frequency of gain-of-
function mutations in SETBP1, which normally inhibits the tumor sup-
pressor protein phosphatase 2A, compared to patients without CSF3R 
mutations (55% in CSF3R mutant samples vs. 24% in CSF3R wild-type 
samples; p50.02). Mutations in the tumor suppressor TP53 occurred 
exclusively in CSF3R mutant patient samples, while variants in JAK2,  
a direct downstream target of CSF3R, occurred exclusively in CSF3R 
wild-type samples. Mutations in ASXL1, a chromatin-binding protein, 
occurred more frequently in CSF3R-mutant samples (30% in CSF3R 
mutant samples vs. 15% in CSF3R wild-type samples; p50.20). Collectively, 
these results suggest that aCML/CNL patients with CSF3R mutations 
are also likely to harbor mutations in SETBP1 and TP53. Additionally, 
because JAK2 is a direct downstream target of CSF3R, our results suggest 
that only one mutation in this signaling pathway is necessary for leukemo-
genesis. To our knowledge, this is the first comprehensive whole exome 
sequencing-based study of aCML/CNL and aids in defining the genetic 
landscape of these leukemias.
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Single-cell RNA-seq analysis of bicuspid aortic 
valve development in Nos32/2 mice
Arin Kim, HHMI Medical Fellow, Columbia University College  
of Physicians and Surgeons (Harvard Medical School)

Mentor: Christine E. Seidman, MD, Howard Hughes Medical Institute  
and Harvard Medical School

Bicuspid aortic valve (BAV) is the most common 
congenital heart defect, but its developmental 
mechanism is unknown partly due to the complex 
interplay of multiple cell lineages in valvulogenesis. 
The aortic valve arises when the outflow tract (OFT) 
myocardial cells induce the adjacent endocardium 
to undergo an epithelial-to-mesenchymal transition 
(EMT) at E9.5. We used single cell RNA-sequenc-
ing to study the cellular heterogeneity of normal 

and BAV valvulogenesis using Nos32/2 mice, which develop BAV by 
E11.5. We isolated single OFT cells at E9.5, E10.5, and E11.5 in wild 
type (WT) and Nos32/2 mice. Cell identity was determined using principal 
component analysis (PCA), concordant with known cell markers. In WT 
cells, we found myocytes exhibit a dynamic temporal regulation of cushion 
formation (Bmp4, Tgfb2, Vcan, Postn), and identified endothelial and  
fibroblast cells undergoing EMT based on expression of Snai1, Slug, and 
Twist1. Comparison of WT and Nos32/2 endothelial and fibroblast cells 
showed differential expression in genes known to regulate EMT (Id2, Sox9) 
and cardiac neural crest cell migration (Ets1, Sox11), suggesting dysregulation 
of these processes in BAV. However, myocardial WT and Nos32/2 cells were 
indistinct, indicating the Nos32/2 signaling defect is cell lineage-specific. 
Thus, we showed the temporal regulation of cushion formation by myocytes, 
delineated transcriptional profiles of early valve interstitial cells undergoing 
EMT, and proposed specific processes leading to BAV formation. Further 
dissection of the dynamic intercellular dialogue underlying these disrupted 
pathways will aid our understanding of BAV.

 

38

The architecture of the Flavivirus 3 prime  
untranslated region, pathogenic RNA production, 
and viral cytopathicity
Hannah Laurence, HHMI-BWF Medical Fellow, University  
of California, Davis, School of Veterinary Medicine (University of  
Colorado School of Medicine)

Mentor: Jeffrey S. Kieft, PhD, University of Colorado School of Medicine

Flaviviruses (FVs), which include Dengue,  
West Nile, and Yellow Fever, are growing global 
threats with no available anti-viral therapy.  
In an FV infection, a viral non-coding RNA is 
produced to high levels. This subgenomic Flaviviral 
RNA (sfRNA) has been directly linked to viral 
cytopathicity. sfRNAs are produced when a host 
cell’s exoribonuclease, Xrn1, degrades the viral 
RNA in the 5 prime to 3 prime direction, but stalls 

at specific sites in the viral RNA’s 3 prime untranslated region (UTR) 
and cannot complete degradation. The structures that halt Xrn1 are Xrn1 
resistant RNAs (xrRNAs) and the multiple xrRNAs in each FV result in 
production of sfRNAs of specific lengths and quantities. Biochemical 
techniques can be used to investigate the kinetics of Xrn1-mediated RNA 
degradation in the context of different FV RNA constructs, including 
West Nile and Dengue viruses. To examine this, we developed an in vitro 
assay using radiolabeled RNAs to quantitate resistance to Xrn1 over time, 
analyzed using denaturing polyacrylamide gel electrophoresis to identify 
degradation products based on relative size. We are using virological and 
cell culture techniques to examine the cytopathic effects of the FVs in both 
human and mosquito cell lines. Viral effects differ in human versus vector 
cells, as vectors remain unaffected by overt clinical signs. The goal is to under-
stand how the identity, pattern, and location of xrRNAs produce specific 
sfRNAs, and how the pattern of sfRNAs affects the cytopathicity of the 
virus to identify targets for therapeutic intervention.
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Characterizing the role of PP2A A-alpha mutations 
in cancer progression
Daniel Leonard, HHMI Medical Fellow, Cleveland Clinic Lerner 
College of Medicine of Case Western Reserve University (Case Western 
Reserve University)

Mentor: Goutham Narla, MD, PhD, Case Western Reserve University 

Advances in the development of targeted therapies 
has shifted our clinical approach to cancer; 
where more traditional histological based classi-
fication has been replaced with a molecular anno-
tation of the disease. This allows for an integrated 
treatment approach where tumor genotype is 
paired in a clinically actionable manner with 
specific targeted therapies to maximize efficacy 
and minimize toxicity for each patient. Our lab-

oratory has been involved in the development of a novel series of small 
molecule activators of PP2A (SMAPs). Protein phosphatase 2A (PP2A) 
is a tumor suppressor which negatively regulates multiple molecular on-
cogenic drivers common to a broad range of human malignancies includ-
ing MYC, AKT, and ERK. In cancer, PP2A is inactivated through several 
mechanisms including increased expression of endogenous inhibitors, 
post-translational modifications of the catalytic subunit, and somatic mu-
tation in its catalytic, regulatory or scaffold subunits. The most frequent 
somatic PP2A mutations occur in the Aα scaffolding subunit of the protein. 
The structural and biological basis for PP2A inactivation by these Aα  
mutations has yet to be fully elucidated. The structural Aα subunit of PP2A 
is mutated in 2.2% of lung adenocarcinoma patients, with mutations  
occurring within crucial interaction regions responsible for regulatory 
subunit binding. We hypothesize that these mutations contribute to  
oncogenic progression in lung adenocarcinoma and may affect the therapeutic 
potential for pharmaceutical PP2A reactivation by SMAPs. To test these 
hypotheses, we generated H358 and H441 KRAS driven lung adeno-
carcinoma cell lines harboring single site mutant PP2A, including W140C, 
R183W, R258H, or A541G. Preliminary data demonstrates alterations of 
in vivo growth parameters and unique aberrations in regulatory subunit 
binding in each mutant cell line. This data will help characterize the bio-
logic role of PP2A mutations in lung adenocarcinoma tumorigenesis and 
identify biomarkers for patient response to our novel SMAP therapies.

 

40

Deconstructing interactions between macrophages 
and hematopoietic stem cells in the embryonic niche
Brian Li, HHMI Medical Fellow, Harvard Medical School 

Mentor: Leonard I. Zon, MD, Howard Hughes Medical Institute,  
Boston Children’s Hospital and Harvard Medical School

The hematopoietic stem cell (HSC) niche is a 
specialized microenvironment that supports the 
maintenance and regulation of HSCs. Studies of 
mammalian bone marrow have suggested a re-
tention function for macrophages in the HSC 
niche, but the underlying molecular mechanisms 
remain poorly understood. The zebrafish embryo 
has emerged as an excellent model to study the 
HSC niche where cells can be directly visualized 

in vivo. Using transgene reporters labeling HSCs (CD41:GFP) and macro-
phages (mpeg1:mCherry), we have observed intimate cell-cell interactions 
between macrophages and newly arriving HSCs in the caudal hematopoietic 
tissue (CHT) niche. As nascent HSCs enter the CHT, macrophages in-
terrogate and groom the HSC surface. From 36–54 hours post fertilization 
(hpf), 20% of CD41 cells in the CHT interact with macrophages at steady 
state. We hypothesize that these interactions may induce changes to the 
HSC that promote engraftment. To identify surface molecules mediating 
these interactions, we performed RNA-seq on isolated macrophages and 
generated a ranked list based on expression levels of genes (FPKM values). 
We also included genes predicted to have a transmembrane domain. In 
our current studies, we are using a macrophage-specific CRISPR/Cas9 
system to disrupt candidate genes, including beta-integrins such as itgb2, 
itgb7, and itgb1b. To assay engraftment, we are then using live cell imaging 
to quantify the frequency of macrophage-HSC interactions and enumerate 
HSCs in the CHT at 72 hpf. We have also established in vitro co-cultures 
with sorted HSCs and macrophages to study these interactions in a more 
controlled environment. In preliminary experiments, 25% of HSCs are 
engaged by a macrophage at steady state, paralleling in vivo data. In contrast, 
only 5% of erythrocytes (LCR:GFP) are engaged with macrophages when 
co-cultured, further suggesting a specific cell-cell interaction between HSCs 
and macrophages. Together these studies should advance our understanding 
of the role of macrophages within the HSC niche.
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The effect of early-life intestinal microbiota  
alteration on ileal, hepatic, and adipose DNA 
methylation in C57BL/6 mice
Daniel Lia, HHMI Medical Fellow, New York University School 
of Medicine 

Mentor: Martin J. Blaser, MD, New York University School of Medicine

Across many vertebrate species, antibiotic exposure 
in early life has been shown to increase adiposity. 
Prior studies from our lab have demonstrated 
that the intestinal microbiota perturbation in-
duced by antibiotics, and not the antibiotics 
themselves, are sufficient to elicit this phenotype. 
This project aims to test the hypothesis that 
early-life intestinal microbiota disruption from 
antibiotic exposure results in changes in epigenetic 

methylation patterns in the ileal wall, liver and adipose of C57BL/6 mice. 
Pregnant mice were exposed to low-dose penicillin (LDP) or not (control), 
shortly before giving birth and through weaning. Their weights have been 
tracked since weaning, and serial DEXA scans have been performed since 
week of life (WOL) 11. These mice are now passing WOL 20 and the 
data are beginning to show differences between the experimental groups. 
Ileal, hepatic and adipose tissue was collected at WOL 4 and 8, and will 
be collected again at week 25. The DNA from these tissue samples has been 
isolated and an assay is currently being employed to assess methylation 
status on a genome-wide scale. Genetic regions of significant differences 
in methylation between cases and controls will prompt further investigation 
into the significance of these regions (i.e., gene body, promoter, transcription 
factor, etc.). We focus on the ileum because that is a substantial interface 
with gut microbiota (altered or normal) and host epithelial and immune 
cells, and on the liver and adipose tissue, since these are major nexuses  
for energy production and storage.

 

42

Acute mechanical stabilization after injury  
attenuates heterotopic ossification
Shawn Loder, HHMI Medical Fellow, University of Michigan 
Medical School 

Mentor: Stewart Wang, MD, PhD, University of Michigan Medical School

Several factors are involved in physiologic repair 
after trauma. Disruption of any of these may result 
in aberrant healing. Heterotopic ossification (HO), 
the ectopic formation of bone in soft tissue,  
represents pathologic wound repair leading to 
chronic pain, diminished range-of-motion, and 
risk of infection and neurologic injury. One 
long-standing principle of wound management 
is tissue stabilization. Often performed using 

mechanical splinting, this minimizes strain through motion. The benefits 
of unloading on skin healing have been well documented, however, in  
regards to musculoskeletal trauma, it is unclear whether early- or delayed 
mobilization provides the best clinical result. Here we examined the rela-
tionship between immobilization and pathologic healing with a murine 
trauma/immobilization model of HO.

Utilizing microCT imaging we demonstrated near absence of ectopic 
bone in mice that had been immobilized for 9-weeks versus controls 
(0.4960.54 v. 7.2562.58 mm3). To isolate a therapeutic time-frame we 
performed delayed immobilization noting that sustained immobilization 
starting 3-weeks post-injury no longer decreased HO (14.7867.04 mm3). 
Given this timing, we examined the effect of immobilization on the pre-
osseous or endochondral anlagen. Using pentachrome and SOX9 (cartilage 
marker) staining we demonstrated that no endochondral tissue was present 
at sites of injury after 3-weeks immobilization. Furthermore, while HO 
lesions are typically preceded by mesenchymal condensation as early as 
1-week post-injury, we observed significant reduction in platelet derived 
growth factor receptor α (PDGFRα)1 and α smooth muscle actin (αSMA)1 
cells in immobilized tissue at both 1- and 3-weeks. This was supported by 
gross H&E demonstrating global reduction in cellular infiltrate 1-week 
post-injury. These findings suggest that acute immobilization in the first 
week after injury may be sufficient to attenuate HO formation.
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Characterization of neurons involved in  
descending pain control reveals delta  
and mu opioid receptor expression
Sarah Low, HHMI Medical Fellow, University of Arizona College 
of Medicine (Stanford University School of Medicine)

Mentor: Grégory Scherrer, PhD, Stanford University School of Medicine

The rostral ventromedial medulla (RVM) is a 
brain region that gates descending pain control 
by intercepting incoming sensory information 
entering the spinal cord. Three populations of 
medullospinal neurons (ON, OFF, and neutral 
cells) have been described based on their firing 
patterns during painful stimuli. These firing pat-
terns are sensitive to exogenously administered 
opioids and homeostatic changes, which can 

augment or diminish pain thresholds. Intramedullary morphine injections 
are analgesic, purportedly due to direct μ-opioid receptor (MOR) mediated 
inhibition of ON cells and indirect activation of OFF cells. δ-opioid  
receptors (DOR) may also contribute to neural activity in this descending 
circuit either independently or cooperatively with MOR. However, the 
neurons that express these receptors have not been characterized, and 
thus the mechanism by which they regulate pain transmission in the spinal 
cord remains elusive. In this study, we used knock-in reporter mice that 
express DOReGFP and MORmCherry fusion proteins to reveal DOR- 
and MOR-expressing neurons in the RVM. Retrograde tracing and  
immunohistochemical experiments revealed that 46% of medullospinal 
neurons are DOR1. Further characterization showed that 68% of MOR1 
and 78% of DOR1 neurons are GABAergic while less than 1% of DOR1 
neurons are serotonergic, a hallmark neurotransmitter used by neutral 
cells. MOR and DOR expression also overlaps in the RVM, with 57% of 
DOR1 neurons co-expressing both receptors. Additionally, we used  
chemogenetics to control GABAergic RVM neurons in freely moving 
mice via virally-delivered hM4D(Gi) and discovered that inhibition of 
these neurons is analgesic. Together, our results suggest that ON cells 
may not exclusively express MOR and that opioid mediated analgesia is 
orchestrated by disinhibition of the medullary input to the spinal cord. 
With ongoing functional studies, our results will elucidate how DOR and 
MOR cooperate to fine-tune descending pain control.
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Analysis of epithelial-stromal interactions  
and their relevance to lung cancer
César Marquez, HHMI Medical Fellow, Stanford University 
School of Medicine 

Mentors: Alejandro Sweet-Cordero, MD and Amato Giaccia, PhD, Stanford 
University School of Medicine

The communication that transpires between  
epithelial cells and their underlying stroma is  
an important but poorly understood aspect of 
organismal biology. If aberrantly regulated, these 
interactions can prove to be tumorigenic. It has 
been known for many years that cancer-associated 
fibroblasts (CAFs) promote and sustain the 
growth of tumors, but the mechanisms underlying 
their intercellular conversations have remained 

elusive. Previous work in our lab has identified a novel mechanism of 
communication in which CAFs secrete cardiotrophin-like cytokine  
factor 1 (CLCF1), a cytokine that binds the ciliary neurotrophic factor 
receptor (CNTFR) on tumor cells and promotes neoplastic growth. The 
CNTFR is a component of the tripartite receptor complex formed by 
CNTFR-gp130-LIFR and is capable of activating several oncogenic signaling 
cascades, including Jak-STAT. Using xenograft models, we have found 
that CLCF1 overexpression by CAFs increases tumor growth, whereas 
knockdown of CNTFR on lung tumor cells decreases overall growth. As 
a next step, we have generated a high-affinity CNTFR decoy that inhibits 
CLCF1-CNTFR signaling. I plan to use this novel reagent to elucidate 
the mechanism by which CNTFR activation alters intercellular signaling, 
leading to increased tumor cell growth. Through in vivo studies, I will also 
assess the efficacy of this CNTFR decoy as a form of cancer therapy. 
Moreover, I plan to use next-generation sequencing technologies to identify 
novel regulators of fibroblast-tumor cell communication. To this end, I will 
perform RNA-Seq on paired human normal lung fibroblasts (NLFs) and 
CAF cultures that I have isolated from patients with non-small cell lung 
cancer. By utilizing RNA-Seq to identify additional transcriptional differences 
between NLFs and their CAF counterparts, I hope to identify other novel 
mechanisms of CAF-cancer communication that will further advance our 
understanding of how fibroblasts communicate with tumor cells.
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Exosomes from mesenchymal stem cells  
package anti-inflammatory cytokines to modulate  
immune function in allotransplantation
Jonathan Massie, HHMI Medical Fellow, New York University 
School of Medicine 

Mentors: Daniel J. Ceradini, MD and Ioannis Aifantis, PhD, New York University 
School of Medicine

Mesenchymal stem cells (MSCs) are immuno-
modulators investigated in allotransplantation, 
yet their mechanism of action is poorly defined. 
We hypothesized that MSCs package anti- 
inflammatory cytokines into exosomes (EXO) 
which execute the immunomodulatory effects of 
MSCs, and differential EXO packaging could be 
driven by oxygen tension and inflammatory milieu. 
Our aims were: (1) Determine whether MSCs 

secrete EXOs; (2) Characterize MSC-EXO cargo under differential  
conditions; (3) Investigate MSC-EXOs in preventing allograft rejection.

Lewis rat-derived MSCs were cultured in normoxia (21% O2), hypoxia 
(5% O2), or with 100U IFNγ. MSC-EXOs were isolated by ultracentrifugation 
and confirmed by TEM, immunoblot, and flow cytometry for EXO markers. 
Transcriptional and translational MSC-EXO cytokine cargo were character-
ized by qRT-PCR and flow cytometry. Furthermore, MSC-EXOs were 
assessed for their capacity to induce Treg production and prevent acute 
rejection in an allogeneic rat hind limb transplantation model.

MSC-EXOs from normoxic, hypoxic, and IFNγ-primed MSCs  
expressed EXO markers Cd63 and Cd81. Transcriptional MSC-EXO 
cargo included iNOS and IDO. Hypoxic MSC-EXOs packaged significant 
quantities of the anti-inflammatory cytokines IDO (11-fold, p,0.001), 
TGFβ (3.8-fold, p,0.05), iNOS (1.8-fold, p,0.0001), and IL-10 (1.5-
fold, p,0.05) versus an isotype control. Normoxic MSC-EXOs induced 
a 6-fold increase in a CD41FoxP31 Treg population (p,0.01) versus a 
negative control; a 2-fold greater induction than normoxic MSCs 
(p,0.0001). In an allotransplantation model, DiI-labeled MSC-EXOs 
were taken up by perivascular cells, which may allow them to attenuate 
acute rejection episodes.

In conclusion, MSC-EXOs package antiinflammatory mediators of 
MSC immunomodulation and stimulate Treg production. Preliminary 
allotransplantation studies suggest that MSC-EXOs localize to the  
perivascular space, and therefore may offer a novel approach in preventing 
rejection in allotransplantation.

 

46

Effects of combined immune activation  
and peripheral radiation cancer therapy  
on brain function in a murine tumor model
Gwendolyn McGinnis, HHMI Medical Fellow, Oregon Health 
and Science University School of Medicine 

Mentors: Jacob Raber, PhD and Michael J. Gough, PhD, Oregon Health and 
Science University  

Cancer patients often report behavioral and  
cognitive changes following cancer treatment. 
These effects are also seen in patients who receive 
peripheral but no cranial irradiation. A pro- 
inflammatory environment in the brain may  
mediate these effects.

Neuroinflammation mediates cognitive  
impairments in other neurological disorders.  
Its role in cancer-related neurological dysfunction 

is relevant given novel treatments combining radiotherapy (RT) and  
immune activation. These treatments demonstrate remarkable efficacy 
with respect to tumor outcomes by enhancing the proinflammatory  
environment in the tumor. However, little is known about how these 
treatments might affect the brain, in individuals with or without tumors.

Here we test the hypothesis that immunotherapy combined with  
peripheral RT will have detrimental behavioral and cognitive effects as a 
result of an enhanced proinflammatory environment in the brain. 
C57BL/6J mice with or without injected hind flank Lewis Lung carcinoma 
were used for all experiments (n510 mice per experimental group or 80 
mice in total). Checkpoint inhibitor immunotherapy, using an anti-
CTLA-4 antibody, and precision CT-guided peripheral RT alone and 
combined were used to closely model clinical treatment. Mice were given 
access to two identical objects and 24 hours later reintroduced to one familiar 
object and one novel object. Mice that recognize the familiar object will 
spend more time exploring the novel object. The percent time exploring 
the novel object out of the total time exploring both objects is calculated 
to determine object recognition.

In the animals that did not receive tumors, object recognition was 
seen in control mice and mice receiving either RT or anti-CTLA-4 alone, 
but not in mice receiving both treatments. In mice receiving tumors, only 
the mice that received RT alone showed novel object recognition. Thus, 
while combining immune activation and RT optimizes tumor control,  
it is associated with cognitive impairments.
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Developing a co-culture system to investigate  
the role of extraocular muscles in the growth  
and guidance of cranial nerves
Suzanne Michalak, HHMI Medical Fellow, University of North 
Carolina at Chapel Hill School of Medicine (Harvard Medical School)

Mentor: Elizabeth C. Engle, MD, Howard Hughes Medical Institute,  
Boston Children’s Hospital and Harvard Medical School

Individuals with congenital forms of paralytic 
strabismus, a disorder in which patients’ eyes are 
misaligned due to functional extraocular muscle 
paralysis, often have extraocular muscle (EOM) 
co-contraction and other clinical evidence of  
aberrant innervation. Animal models of genetic 
forms of paralytic strabismus reveal both cranial 
nerve hypoplasia and EOM misinnervation,  
suggesting that EOMs release cues that direct 

axon guidance of the innervating nerves.
We developed a co-culture system pairing murine embryonic oculomotor 

nuclei with developing extraocular muscles to study their interactions  
in vitro. Two reporter lines were used: a GFP reporter fused to an Islet-1 
promoter labeled developing oculomotor nuclei and axons, while a Td-
Tomato reporter line crossed to myf-5-cre mice labeled the developing 
extraocular muscles. Oculomotor nuclei and extraocular muscle anlages 
were dissected and cultured at embryonic day 11.5, then incubated for 14 
days. Axonal growth and directionality were quantified, and media was 
collected for mass spectrometry analysis.

In the presence of muscle explants, oculomotor axons exhibited clear 
directional growth towards the muscle anlage. Preliminary mass spectrometry 
identified several molecules secreted in co-cultures that were not present 
in control wells, including several proteins thought to be important in  
axonal guidance.

We have successfully developed a co-culture system to probe the role 
of extraocular muscles in the growth and guidance of cranial nerves.  
Preliminary in vitro data supports our hypothesis that extraocular muscle 
directs the growth of oculomotor axons and releases extracellular matrix 
molecules that have been implicated in axon guidance. Future directions 
include investigating differences in the growth of oculomotor, trochlear, 
or abducens axons when cultured with their correct target muscles versus 
incorrect target muscles, evaluating the response of mutant explants versus 
wildtype explants, and using data from mass spectrometry to manipulate 
ligands and receptors in the system.
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Targeted inhibition of insulin-like  
growth factor 1 receptor signaling for  
potential treatment of human osteosarcoma
Maryam Mohammed, HHMI Medical Fellow, The University 
of Chicago Pritzker School of Medicine 

Mentor: Tong-Chuan He, MD, PhD, The University of Chicago Pritzker 
School of Medicine

Osteosarcoma (OS) is the most common primary 
human malignancy of bone. Increased IGF-1R 
signaling has been associated with progression 
and chemoresistance of OS. RNAi knockdown 
of IGF1R has been shown to increase the chemo- 
and radio-sensitivity of human OS (hOS). Thus, 
our lab is studying the novel use of IGF-1R domi-
nant negative mutants as an effective adjuvant to 
conventional cytotoxic drugs.

Dominant negative mutants were constructed from the IGF-binding 
domain of the α subunit (sa-IGF1R), soluble β subunit (sb-IGF1R), and 
membrane-bound β subunit (mb-IGF1R) of IGF-1R, then cloned and 
packaged into recombinant adenoviruses. Expression of mutants by viral 
constructs was confirmed by Western blot and qPCR. High transduction 
efficiency was observed in 143B (metastatic hOS) cells. IGF-1-stimulated 
cell proliferation was inhibited by all mutants (p,0.05) on crystal violet 
assay. Decreased cell migration with observed with all mutants in a 
wound-healing assay. In quantitative cell cycle analysis by flow cytometry, 
all mutants reduced the percentage of cells entering S/G2 phases upon 
IGF-1/-2 stimulation. In vivo, all mutants inhibited subcutaneous and  
intramuscular tumor growth up to 2 weeks post-injection (p,0.001) in 
athymic nude mice as measured by bioluminescent imaging. Histological 
examination revealed significant necrosis and reduced proliferation 
among the mutant AdIGF1R-transduced 143B cells.

Taken together, our results suggest that dominant-negative mutants 
of IGF-1R signaling hold promise as a potential therapeutic for hOS.
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Neutrophil hypochlorous acid contributes  
to cisplatin ototoxicity
Martin Mwangi, HHMI Medical Fellow, David Geffen School  
of Medicine at UCLA 

Mentors: Sung K. Moon, MD, PhD and David J. Lim, MD, David Geffen 

School of Medicine at UCLA  

A common side effect of the chemotherapeutic 
drug Cisplatin is sensorineural hearing loss. We 
elucidate here the mechanism driving neutrophil 
mediated augmentation of cisplatin ototoxicity 
using a model of cochlear cells, HEI-OC1 cells. 
As a model mediator of neutrophils we selected 
hypochlorous acid (HA) as it showed cytotoxic 
reactivity against nucleic acids and proteins.

Upon exposure to Cisplatin, HEI-OC1 cells 
up-regulated CXCL2; a chemokine that recruits neutrophils and monocytes 
to areas of inflammation. These immune cells, via the action of NOX2 and 
Myeloperoxidase (MPO), generate the reactive oxygen species HA and 
Hydrogen Peroxide (H202). In our MTT assays, we showed that sodium 
hypochlorite, a sodium salt of HA, reduces HEI-OC1 cell viability in a 
dose-dependent manner. Co-treatment of MPO and H202 was found  
to be cytotoxic to HEI-OC1 cells and additionally appeared to augment 
cisplatin-mediated cytotoxicity of HEI-OC1 cells.

In addition, Cisplatin treatment upregulated TLR4 expression in 
HEI-OC1 cells. HMGB1, a model damage-associated molecular pattern 
(DAMP) that is released during necroptotic cell death and binds to 
TLR4, was found to upregulate CXCL2 expression in HEI-OC1 cells 
and NOX2 expression in HL60 cells (a model of neutrophils).

Altogether, our findings suggest that cochlear inflammation is potentially 
involved in cisplatin ototoxicity through HA-mediated potentiation of 
cisplatin cytotoxicity to auditory sensory cells. Further studies are needed 
to show the involvement of neutrophils in cisplatin ototoxicity in vivo in 
addition to cisplatin-induced release of DAMP from auditory sensory cells.
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Constitutive androstane receptor— 
linking host nuclear receptor activity  
with changes in the gut microbiota
Patricia Ojeda, HHMI Medical Fellow, University of Tennessee 
Health Science Center College of Medicine (The University of Chicago 
Pritzker School of Medicine)

Mentor: Eugene B. Chang, MD, The University of Chicago Pritzker School  
of Medicine

The constitutive androstane receptor (CAR) is a 
critical nuclear receptor which plays a role in the 
regulation of xenobiotic and lipid metabolism, 
improved insulin sensitivity and reduction of 
body weight in mice. Regulation of CAR by gut 
microbiota has been implicated in studies show-
ing higher CAR and target gene expression in 
germ-free versus conventional mice. Therefore, 
understanding the unique relationship between 

CAR and the microbiome would allow for significant therapeutic ad-
vancement in metabolic disease. Consequently, we conducted an experiment 
with male mice fed high fat milk fat (MF) diet for 7 weeks followed by 5 
weekly treatments of CAR agonist 1,4-bis[2-(3,5-dichloropyridyloxy)] 
benzene (TCPOBOP). Control mice were fed MF diets and injected 
with corn oil vehicle control. TCPOBOP-treated mice showed significant 
weight loss, increased glucose tolerance, and altered expression of enzymes 
that regulate bile acids. Subsequently, male wild type (WT) mice and 
CAR2/2 mice were maintained on regular chow diet, bedding was mixed 
twice per week, until 10 weeks of age. The CAR2/2 mice displayed a higher 
rate of weight gain. Analysis of 16S rRNA microbial sequencing data 
from cecal contents displayed an increase in Clostridia and decrease in 
Bacteroidia class when compared to WT. In summary, activation with 
TCPOBOP causes metabolic changes while loss of CAR function results 
in distinct alterations of the gut microbiota. Understanding mechanisms 
behind this interaction will lead to advancements in targeting microbiota 
as a therapeutic option for the treatment of metabolic diseases.
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Identifying small molecule compounds that enhance 
the host innate immune response to infection
Tolani Olonisakin, HHMI Medical Fellow, University of  
Pittsburgh School of Medicine 

Mentor: Janet S. Lee, MD, University of Pittsburgh School of Medicine

Thrombospondin-1 (TSP1) is a calcium-binding, 
matricellular glycoprotein released during in-
flammation by platelets, endothelial cells, and 
myeloid-derived cells. A discrete region within 
the type 3 repeats (T3R) domain of TSP1 can 
restrict microbial killing of Klebsiella pneumoniae 
(Kp) by competitively inhibiting neutrophil elastase 
(NE) activity. A small molecule library screen of 
~500,000 compounds was conducted to identify 

candidates that block the interaction involving TSP1 T3R domain and 
NE. Six high-ranking compounds were identified based on size, safety, 
and hydrophobicity. Utilizing the NE substrate N-(methoxysuccinyl)-
Ala-Ala-Pro-Val-p-nitroanilide (AAPV-pna), we created a high-throughput 
assay to screen the identified compounds. Five of the six compounds effec-
tively antagonized recombinant monomeric human TSP1 and enhanced 
NE hydrolysis of AAPV-pna, with the lead compound BC-1401 showing 
an IC50 ~22 μM. BC-1401 enhanced NE activity by dose-dependently 
inhibiting TSP1 under varying pH conditions, ionic strength, and in the 
presence or absence of calcium ions. BC-1401 itself had no effect on hy-
drolysis of AAPV-pna, indicating that the compound’s ability to enhance 
NE activity was due to alterations in NE/TSP1 interactions. As prior 
cross-transfer serum experiments suggest that the major source of TSP1 
regulating neutrophil microbial killing is contained within serum, we sought 
to determine whether platelet TSP1 cooperates in limiting neutrophil 
protease activity and microbial killing. We challenged thrombocytopenic 
mice deficient in the thrombopoietin receptor c-Mpl (Mpl2/2) to Kp. 
Consistent with findings in thbs12/2 mice, Mpl2/2 mice showed reduced 
bacterial dissemination to the spleen, liver, and blood following Kp intra-
pulmonary infection. Our findings suggest small molecule compounds 
that block TSP1/NE interaction enhance NE activity and implicate 
platelets in restraining neutrophil activation during bacterial infection.
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Arbiters of cellular proteostasis: an exploration of 
the roles of the p97 segregase and the ubiquitin  
listerin ligase in the ribosome quality control pathway
Oscar Padilla, HHMI Medical Fellow, Tufts University School of 
Medicine (California Institute of Technology)

Mentor: Raymond J. Deshaies, PhD, Howard Hughes Medical Institute and 
California Institute of Technology

Heightened protein synthesis rates in cancer cells 
make them increasingly dependent on intact 
mechanisms of proteostasis: a cell’s ability to regu-
late the expression, folding and turnover of the 
proteome. The Ubiquitin-Proteasome System 
(UPS) serves as a principal mediator of proteostasis, 
and consists of a cascade of conjugating enzymes 
that culminate in the attachment of ubiquitin 
(Ub) chains to proteins fated for proteasomal 

degradation. Recent investigations have focused on UPS protein quality 
control (PQC) pathways that exploit cancer’s vulnerability to proteostatic 
disruptions as a means to inducing irresolvable, lethal proteotoxic burden.

In this study we investigated a particular component of the UPS, the 
p97 segregase: an ATPase implicated in ribosome quality control (RQC), 
a UPS process by which tRNA-linked ubiquitinated polypeptides are released 
from stalled ribosomal complexes and shuttled for degradation. Employing 
allosteric and competitive inhibitors of p97 in colorectal carcinoma cells, we 
observed a several fold increase in Ub conjugate accumulation on polysomes 
when compared to controls, indicating a backlogging in the p97-mediated 
resolution of RQC substrates. To determine if the Ub conjugates were derived 
from aberrant nascent polypeptides, biotin-conjugated puromycin was utilized to 
label nascent chains from polysomes. However, upon Ub conjugate enrichment 
no difference was observed in biotin labeling of polysomes from p97-inhibited 
cells versus untreated cells, an observation which suggests that most Ub 
conjugates are derived not from actively translating polysomes, but from dis-
sociated 60S subunits. To further explore this model, we resolved cytoplasmic 
fractions of p97 inhibitor-treated and untreated cells via centrifugation, and 
immunoblotted for Ub. These results indeed confirmed a several fold increase 
in Ub conjugate accumulation in the 60S fractions of p97 inhibitor-treated 
cells compared to controls. This observation has prompted inquiry as to the 
effect of p97 inhibition in the context of Listerin depletion, a RING ligase that 
binds 60S and facilitates Ub conjugation of tRNA-linked aberrant peptides. 
Future work will therefore involve knocking down Listerin to determine if the 
ligase acts upstream of p97 in the RQC model. Considering the importance of 
Listerin in PQC, it would be worthwhile to probe the capacity of this UPS ef-
fector as a druggable target in tumor cells. At the very least, characterizing the 
significance of p97 and Listerin on the proteomic landscape will help to further 
elucidate the mechanistic basis of protein triaging at the ribosomal level.
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BBS1 mutant mice have impaired fear conditioning, 
which is partially rescued by lithium treatment
Thomas Pak, HHMI Medical Fellow, University of Iowa  
Roy J. and Lucille A. Carver College of Medicine 

Mentor: Val C. Sheffield, MD, PhD, University of Iowa Roy J. and Lucille A. 
Carver College of Medicine

Bardet–Biedl syndrome (BBS) is a pleiotropic, 
heterogeneous, autosomal recessive ciliopathy. 
BBS phenotypes including obesity, retinopathy, 
hydrocephalus, and hypogonadism have been 
studied in mouse models. BBS patients are known 
to have an increased risk of psychiatric disorders; 
however, behavior has not been thoroughly studied 
in BBS mice.

We performed behavioral tests on a homozygous 
knockin mouse model (BBS1M390R/M390R) of the most common BBS mutation 
(BBS1M390R) in humans. We discovered a novel behavioral dysfunction. 
Specifically, BBS1M390R/M390Rmice have impaired cue and context fear con-
ditioning (FC) [ p,0.01]. To rule out confounding variables on the FC test, 
we performed control studies, which indicate that BBS1M390R/M390R mice 
have normal motor function including normal cerebellar function (rotarod 
performance test) and normal hearing (auditory brainstem response) 
compared to control mice. In addition, the CO2 evoked freezing test re-
vealed that BBS1M390R/M390R mice freeze similarly to control mice indicat-
ing that BBS1M390R/M390R mice have normal CO2-induced fear function. 
These findings suggest that BBS1M390R/M390R mice show a specific behavioral 
deficit in fear conditioning. Interestingly, we have shown that lithium 
treatment rescues cue but not context dependent fear conditioning deficits.

We are currently searching for the mechanism of the FC defect by  
investigating the hippocampus and amygdala. Field recordings show that 
long term potentiation of the hippocampus is not different between  
BBS1M390R/M390R mice and controls. Whole-cell patch recordings of pyramidal 
neurons of the lateral amygdala show that the frequency and amplitude  
of miniature excitatory postsynaptic currents (mEPSCs) are smaller in 
BBS1M390R/M390R mice compared to controls [p,0.01]. To test which brain 
regions account for the FC impairment, we are currently knocking out 
BBS genes in specific brain regions including amygdala using AAV-cre 
stereotaxic injections.
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Disruptions in abducens nerve development  
can cause Duane retraction syndrome
Jong Park, HHMI Medical Fellow, Duke University School  
of Medicine (Harvard Medical School)

Mentor: Elizabeth C. Engle, MD, Howard Hughes Medical Institute,  
Boston Children’s Hospital and Harvard Medical School

Duane retraction syndrome (DRS) is characterized 
by an absent or hypoplastic abducens nerve and 
aberrant innervation of the lateral rectus muscle 
by the oculomotor nerve. We developed a new 
mouse model of DRS to further elucidate its de-
velopmental etiology. We provide the first evidence 
supporting the hypothesis that any insult pre-
venting the abducens nerve from innervating the 
lateral rectus in development can cause DRS. 

MafbWT/flox mice were crossed to the ubiquitously expressing EIIa-cre to 
generate MafbWT/KO mice used for heterozygous crosses, as MafbKO/KO mice 
die at birth. Isl1MN:GFP reporter mice were crossed to Mafb mice to  
visualize developing motor axons. Whole mount preparations of embryos 
at E11.5 were stained with anti-neurofilament, cleared in BABB and im-
aged by confocal microscopy. Orbits of embryos at E16.5 were dissected, 
stained with anti-actin α-smooth muscle, cleared in glycerol and imaged 
by confocal microscopy. MafbKO/KO mice have loss of rhombomeres 5 and 
6 in development, absent abducens nerves and nuclei, and fusion of the 
glossopharyngeal nerves with the vagus nerves. MafbWT/KO mice have hypo-
plastic abducens nuclei and nerves. In the orbits of both MafbKO/KO and 
MafbWT/KO mice, the oculomotor nerves aberrantly branch to innervate 
the lateral recti, recapitulating human DRS. Mafb expression is restricted 
to the hindbrain in development and therefore Mafb is not expressed in 
developing oculomotor axons. We therefore establish Mafb mice as a model 
for DRS, and demonstrate that specifically disrupting abducens nerve  
development can cause DRS by allowing the oculomotor nerve to aber-
rantly innervate the lateral rectus. We provide the first evidence to support 
the hypothesis that insults to the developing abducens nerve in utero can 
cause DRS.
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Genome-wide CRISPR/Cas9-based screens for 
host factors required for Vibrio parahaemolyticus 
type 3 secretion system-mediated cytotoxicity
Joseph Park, HHMI Medical Fellow, Boston University School of 
Medicine (Harvard Medical School)

Mentor: Matthew K. Waldor, MD, PhD, Howard Hughes Medical Institute, 
Brigham and Women’s Hospital and Harvard Medical School

Type 3 secretion systems (T3SSs), needle-like 
nanostructures evolved to inject bacterial effector 
proteins directly into the eukaryotic cytosol, are 
widespread virulence factors among pathogenic 
Gram-negative bacteria. Vibrio parahaemolyticus, 
a common cause of seafood-borne enteritis, 
encodes two T3SSs (T3SS-1 and T3SS-2). Only 
T3SS-2 is critical for the pathogen to colonize 
and cause disease in the host intestine, but both 

T3SS-1 and T3SS-2 cause cytotoxicity in cultured host cells via distinct 
mechanisms. Taking advantage of recently established CRISPR/Cas9 
technology, we developed a positive selection screen to identify host genes 
required for T3SS-1- and T3SS-2-mediated cytotoxicity. A complex library 
of guide RNAs targeting each human gene was transduced into a Cas-9 
positive intestinal cell line and by infecting with V. parahaemolyticus ex-
pressing either T3SS-1 or T3SS-2, the population was enriched for those 
perturbations that conferred resistance to infection. The compelling results 
from these two selections implicated several coherent and distinct pathways 
to resistance. We discovered that host-cell surface sulfation and fucosylation 
are key pathways targeted by V. parahaemolyticus to engage cells. Sulfation 
proved to promote bacterial adhesion and thereby facilitated subsequent 
T3SS-1 killing, whereas fucosylation was critical for T3SS-2 activity,  
promoting effector translocation into host cells by facilitating the insertion 
of the T3SS-2 translocon into the host cell membrane. Overall, our findings 
illustrate that CRISPR/Cas9-based genome-wide screens will enable fun-
damental new understanding of the host response pathways that underlie 
T3SS-mediated virulence.
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A CRISPR/Cas9 based genome-wide  
knockout screen identifies novel  
host dependency factors for HIV infection
Ryan Park, HHMI Medical Fellow, Harvard Medical School 

Mentors: Bruce D. Walker, MD, Howard Hughes Medical Institute, Ragon 
Institute of MGH, MIT, and Harvard, and Harvard Medical School, and  
Nir Hacohen, PhD, Harvard Medical School, Massachusetts General Hospital, 
and Broad Institute of Harvard and MIT

HIV relies upon host proteins to support its in-
fection. To identify these HIV dependency factors 
(HDFs), we performed a genome-scale forward 
genetic screen in the CD41 T cell line CCRF-
CEM. We delivered ~190,000 single-guide 
RNAs (sgRNAs) into CCRF-CEM cells stably 
expressing Cas9 and a GFP reporter driven by 
HIV LTR. Following HIV infection, we isolated 
viable, un-infected cells. By massively parallel  

sequencing, we then identified highly enriched sgRNAs corresponding to 
five candidate HDFs: CD4, CCR5, TPST2, SLC35B2, and ALCAM.

Cells lacking TPST2 or SLC35B2 were strongly protected against 
HIV infection (3% death for TPST2 KO, 1% for SLC35B2 KO) compared 
to control cells expressing non-targeting sgRNAs (68%). Add-back of the 
gene ablated this protection (85% death for TPST2, 68% for SLC35B2). 
TPST2 mediates tyrosine sulfation of CCR5 in the Golgi, which is known 
to facilitate HIV entry. SLC35B2 is a cytosol-to-Golgi transporter for PAPS, 
the universal donor for protein sulfation. SLC35B2 KO thus likely confers 
protection by depriving TPST2 of its sulfate source. As expected, loss of 
either gene blocked HIV entry (4% for TPST2, 1% for SLC35B2, 40% 
for control), while gene add-back reversed the block (69% for TPST2, 
33% for SLC35B2).

Loss of ALCAM completely disrupted the ability of CCRF-CEM 
cells to form clumps under normal culture conditions. Furthermore,  
ALCAM-null cells failed to aggregate with wild-type cells, suggesting that 
loss of ALCAM may confer protection against cell-to-cell HIV transmission. 
In agreement with this hypothesis, we found that ALCAM-null cells are 
strongly protected from HIV infection compared to control cells upon 
co-culture with infected control cells (13% death vs 67% control) and 
that this protection is ablated upon add-back of the gene (87%).

Our findings identify potential host-directed therapeutic targets for 
HIV and illustrate the potential of genome-scale genetic knockout screens 
in discovering novel dependencies of human pathogens.
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Stromal cell-derived factor-1α gene therapy  
accelerates diabetic wound healing
Marcelina Perez, HHMI Medical Fellow, Stanford University 
School of Medicine 

Mentor: Geoffrey C. Gurtner, MD, Stanford University School of Medicine

Chronic wounds disproportionately affect indi-
viduals with diabetes, markedly impacting quality 
of life and lifespan. Defective neovascularization 
in ischemic diabetic tissue is a major contributor 
to delayed wound healing. Studies have shown 
that stromal cell-derived factor-1α (SDF-1), a 
chemokine that plays a critical role in initiating 
neovascularization through recruitment of cir-
culating progenitor cells (CPCs) to ischemic tissue 

via a HIF-1α dependent mechanism, is diminished in diabetic wounds. 
Using a non-viral minicircle DNA vector, we study the effect of restoring 
SDF-1 expression in diabetic wounds.

A minicircle vector expressing SDF-1 and luciferase (SDF1-Luc MC) 
was constructed. Humanized excisional wounds were created on the dorsum 
of wild type and diabetic mice. Wounds were treated with SDF1-Luc MC 
and compared to untreated controls. Wounds were photographed and assessed 
with bioluminescent imaging every other day. Systemic levels of SDF-1 
were monitored. Tissue was harvested for histology and qRT-PCR.

Bioluminescent imaging demonstrated successful uptake and sustained 
expression of naked minicircle injected into the dermal layer of wounds. 
The SDF1-Luc MC treated diabetic group demonstrated accelerated wound 
healing compared to untreated diabetic controls. Localized treatment 
with SDF1-Luc MC did not produce supraphysiologic levels of SDF-1 
expression in diabetic mice relative to wild type controls.

Expression of SDF-1 in ischemic tissue is crucial to the process of healthy 
wound healing. The accelerated wound healing observed in diabetic wounds 
treated with SDF1-LUC MC demonstrates the therapeutic potential of 
SDF-1 augmentation.
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Laminar visual area V4 response during  
covert and overt attention
Warren Pettine, HHMI Medical Fellow, University of Colorado 
School of Medicine (Stanford University)

Mentor: Tirin Moore, PhD, Howard Hughes Medical Institute and  
Stanford University  

The functional architecture of the cerebral cortex 
is characterized by distinct lamination patterns, 
defined in part by cell type, connectivity and re-
sponse properties. Information is processed within 
a cortical column and then sent either forward 
to hierarchically more advanced cortical areas,  
or as feedback to areas synaptically closer to 
feedforward input. The frontal eye field (FEF), 
located in prefrontal cortex, is a major source  

of attention-related, modulatory feedback to visual areas, such as V4.  
Anatomically, the FEF projects to all layers of V4, whereas other feedback 
sources have more specific laminar targets. Previous studies of attentional 
modulation of neural activity in V4 have found laminar differences in 
local field potentials, but not in spiking activity. We recorded from area 
V4 in two macaques using a linear microelectrode array during a task that 
separated overt attention (preparation and execution of orienting eye 
movements) from covert attention (attention without overt orienting). 
Using multiclass support vector machines, we were able to accurately dis-
tinguish on a trial-by-trial basis whether a neural population’s receptive 
field was the site of overt attention, covert attention, or was orthogonal to 
attention. We found additional differences in burst activity and angular 
tuning across conditions. While superficial neurons had a higher median 
firing rate, and were more tuned to stimulus orientation, the distribution 
of neurons significantly modulated by attention was not influenced by 
laminar depth. Our results demonstrate that covert and overt attention 
can be distinguished on a neuronal population level in V4. These results 
are consistent with the notion that the FEF drives attentional modulation 
in V4, and does so across all layers.
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Assessment of cell types that secrete semaphorin 
3F (Sema3F) to control dendritic spine distribution 
and morphogenesis in the postnatal CNS
Jose Porras, HHMI Medical Fellow, Geisel School of Medicine  
at Dartmouth (Johns Hopkins University School of Medicine)

Mentor: Alex L. Kolodkin, PhD, Howard Hughes Medical Institute and  
Johns Hopkins University School of Medicine 

The secreted semaphorin Sema3F is a negative 
regulator of dendritic spine development and 
synaptic structure—functions that are accom-
plished through association with its holoreceptor 
components neuropilin-2 (Npn-2) and plexin 
A3 (PlexA3). Indeed, mice with null mutations 
in genes encoding Sema3F, Npn-2, or PlexA3 
exhibit increased spine number and altered spine 
morphology, along with aberrant spine distribution 

in dentate gyrus (DG) granule cells (GC) and cortical layer V pyramidal 
neurons. Sema3F-mediated loss of spines is thought to be restricted by the 
specific localization of Npn-2 receptors (for example, in cortical pyramidal 
neurons along the primary apical dendrite).

The in vivo source of Sema3F responsible for these effects remains  
unknown. Through analysis of postnatal mice with myc-tagged Sema3F 
expressed from its endogenous locus, we determined that Sema3F is diffusely 
localized in the olfactory bulb, inferior colliculus, and cerebral cortex. 
Preliminary in vitro evidence shows that cortical pyramidal neurons de-
rived from E14.5 are often surrounded by non-pyramidal neurons pos-
sessing a stronger Sema3F signal. It is possible that these non-pyramidal 
neurons are inhibitory interneurons that secrete Sema3F which subse-
quently acts on excitatory pyramidal neurons.

To test this idea, we are utilizing Cre drivers in mice to disrupt secretion 
of Sema3F from all, or specific classes, of interneurons including those 
positive for somatostatin, vasoactive intestinal peptide, and parvalbumin. 
However, pyramidal neurons will also be assessed for potential secretion 
of Sema3F by utilizing a pan-excitatory Cre driver. We will sparsely label 
pyramidal neurons through striatal injections with glycoprotein-deleted 
rabies virus encoding GFP to visualize spine morphology. We will then 
assess spine morphology and number in DG GCs and layer V pyramidal 
neurons in sections of P28 mouse cortex.
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Modeling glioblastoma through  
cancer stem cell organoids
Briana Prager, HHMI Medical Fellow, Cleveland Clinic Lerner 
College of Medicine of Case Western Reserve University 

Mentor: Jeremy N. Rich, MD, Cleveland Clinic Lerner College of Medicine of 
Case Western Reserve University 

Glioblastoma (GBM) is a universally lethal cancer 
for which therapeutic options are limited.  
GBM tumors display complex cellular hierarchies 
driven by cancer stem cells, which rely on complex 
interactions with the microenvironment. Tradi-
tional culture models fail to recapitulate the cellular 
heterogeneity, three-dimensional (3D) tumor 
architecture, and microenvironmental gradients 
of parental tumors. Here, we utilized a 3D organoid 

culture system derived directly from GBM specimens to develop a GBM 
model that effectively maintains microenvironmental heterogeneity and 
contains spatially defined gradients of stem and non-stem cells. Once formed, 
tumor organoids grow up to several millimeters in size and display regional 
heterogeneity with a rapidly proliferating rim of SOX21, OLIG21, and 
TLX1 cells surrounding a quiescent, hypoxic core with low cellularity. 
GBM organoids thus reflect the varied tumor microenvironment and 
permit simultaneous culture of diverse populations of stem and non-stem 
tumor cells. Intracranial xenografts from patient-derived organoids form 
orthotopic tumors with greater histologic similarity to the parental 
tumor versus standard sphere culture, including increased invasion and 
differential radiosensitivity. Our data support a cooperative model of 
tumor cell interactions wherein the proliferative capacity largely arises from 
cells in high oxygen, high nutrient microenvironments, while the hypoxic 
core retains a broader range of long lived cells of varying states within the 
cellular hierarchy. This model will be utilized to recapitulate particular  
aspects of tumor niche biology in vitro that are not achievable by standard 
2D culture. Specifically, we will compare cells of the organoid rim and 
core to assess the role of hypoxia in promoting stem-like characteristics as 
well as the ability of cells to interconvert between microenvironments. 
Further elucidating this role of the microenvironment in regulating tumor 
cell function and identity may inform future therapeutic approaches to 
targeting treatment-resistant GBM stem cell populations.
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SRSF5 and other splicing factors in radiation response
Niema Razavian, HHMI Medical Fellow, Jacobs School of Medicine 
and Biomedical Sciences at the University at Buffalo (University of 
Michigan)

Mentor: Vivian G. Cheung, MD, Howard Hughes Medical Institute and  
University of Michigan  

Radiation therapy is one of the most common 
cancer treatment modalities. Despite its ubiquitous 
use, radiation is considered to be a “blunt” technol-
ogy, as it harms indiscriminately both cancer and 
normal cells. To better understand how human 
cells respond to radiation stress, we examined  
alternative splicing, a component of the gene  
expression response to radiation that is largely 
unexplored. Specifically, we studied the expression 

of splicing factors, trans-acting RNA-binding proteins that are essential 
for alternative splicing. To accomplish this, we exposed cultured B-cells 
from 10 individuals to 10 Gy of ionizing radiation, and performed RNA 
sequencing before, and two and six hours following radiation treatment. 
From about 60 million reads per sample, we determine the expression levels 
of over 60 splicing factors, and quantified eight types of splicing events, 
such as cassette exons and retained introns. We found that the gene  
expression levels of 26 splicing factors, including HNRNPH1, PTBP1, 
SRSF5, and SRSF6, changed significantly (ANOVA, FDR,5%) in  
irradiated cells. In addition, we discovered that radiation-induced alternative 
splicing of these proteins modulates their expression. For example, in SRSF5 
radiation stress results in the exclusion of an exon that contains a premature 
termination codon, which thereby prevents nonsense-mediated decay 
and contributes to the increase of its expression level. This led us to survey 
more broadly the splicing patterns in irradiated cells. We found that of 
the over 20,000 splicing events detected, ~800 were radiation responsive. 
These radiation-induced splicing events occurred primarily in genes involved 
in RNA processing, DNA damage response, and cell cycle regulation. 
The splicing factors that mediate these events are potential targets for 
modulating cellular radiation sensitivity. In this presentation, we will 
describe our findings of splicing factors and alternative splicing events as 
components of cellular response to ionizing radiation. 
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Development and validation of a novel isocitrate 
dehydrogenase 1-mutant astrocyte cell line  
as a model for high-grade gliomas
Nathaniel Robinson, HHMI Medical Fellow, Yale School  
of Medicine 

Mentors: Ranjit S. Bindra, MD, PhD and Peter M. Glazer, MD, PhD,  
Yale School of Medicine

High-grade gliomas (HGGs) are devastating  
malignancies of the central nervous system, and 
few treatment options are available. In the most 
malignant form of the disease, over 90% of patients 
will succumb to their tumor within 5 years after 
standard of care treatment. It is now clear that 
gliomas are molecularly heterogeneous entities, 
with various mutations defining many distinct 
sub-types with important therapy implications. 

However, almost all HGGs are treated with a limited array of therapies. 
Isocitrate dehydrogenase 1 (IDH1), a gene recently found to be mutated in 
many gliomas, is involved in the conversion of isocitrate to 2-oxoglutarate. 
The IDH1 R132H mutant enzyme converts 2-oxoglutarate to the onco-
metabolite (R)-2-hydroxyglutarate (D2HG), which leads to profound 
metabolic alterations in tumor cells. Recent studies indicate that mutations 
in IDH1 may also induce altered double-stranded break repair, differential 
sensitivities to chemo-radiotherapy, and changes in chromatin modifications. 
Here, we present the creation of a novel astrocyte cell line harboring an 
engineered heterozygous IDH1 R132H mutation at the endogenous 
gene locus. We confirmed expression of the engineered mutation at the 
protein level, and we have characterized this cell line in a comprehensive 
panel of functional assays. We demonstrated that our mutant cell clones 
secrete high levels of D2HG, and confirmed that the levels of this onco-
metabolite can be suppressed with small molecule inhibitors of mutant 
IDH1. We also characterized the DNA damage response network in 
IDH1-mutant cells using high-content DNA damage foci assays and in 
clonogenic survival assays. To our knowledge, this is the first report of an 
astrocyte cell line harboring an engineered, heterozygous R132H mutation 
at the endogenous locus. This novel cell line represents a new model system 
for studying gliomas and has tremendous applications for further cell 
characterization, mechanistic studies, and drug screening.
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Unraveling the controversy of bisphosphonates  
as vascular calcification therapy using  
a nanoanalytical approach
Jessica Ruiz, HHMI Medical Fellow, Harvard Medical School 

Mentor: Elena Aikawa, MD, PhD, Brigham and Women’s Hospital and Harvard 
Medical School

Vascular calcification significantly predicts athero-
sclerotic plaque rupture and acute cardiovascular 
events. Bisphosphonates have been proposed as a 
therapy to treat vascular calcification. However, 
retrospective studies of women taking bisphos-
phonates paradoxically indicated increased risk 
in patients with prior acute events. We recently 
demonstrated that calcifying extracellular vesicles 
(EVs) released by vascular smooth muscle cells 

within the plaque aggregate and nucleate calcific mineral. We hypothesize 
that bisphosphonates block EV aggregation and arrest existing mineral 
growth, freezing calcifications in a high-risk morphology that hastens plaque 
rupture. EV-mediated vascular calcification and the potential to pharmacolog-
ically impede this process remain poorly understood. This study visualized 
for the first time EV aggregation and calcification at single-vesicle (100 nm) 
resolution, via scanning electron microscopy. Three-dimensional (3-D) 
collagen hydrogels incubated with calcifying EVs modeled fibrous cap calcifi-
cation, serving as an in vitro platform to image EV-driven mineral forma-
tion and test candidate drugs for the potential to inhibit or reverse vascular 
calcification. EVs aggregated either along or between collagen fibrils. 
Energy-dispersive x-ray spectroscopy analysis confirmed that EV aggregates 
contained calcium and phosphorous, the building blocks of calcific mineral. 
The addition of the bisphosphonate ibandronate resulted in a decrease in 
the number (p50.023, n53 per group, 9 fields per sample), size, and  
morphology of calcific EV aggregates. These findings agree with our hypothesis 
that bisphosphonates alter EV-driven calcification. Further, our analyses 
confirmed that our 3-D collagen hydrogel system, mimicking the athero-
sclerotic cap, is a viable platform to study EV-mediated mineral nucleation 
and evaluate potential therapeutic strategies for cardiovascular calcification.
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Characterization of the sirt6 knockout  
Drosophila melanogaster
Alireza Samiei, HHMI-PDF Medical Fellow, Harvard Medical School 

Mentor: Mel B. Feany, MD, PhD, Brigham and Women’s Hospital and  
Harvard Medical School

It is known that midbrain dopaminergic neurons 
demonstrate differential vulnerability to Parkinson’s 
disease (PD) pathology and aging. Here, we took 
a novel approach to elucidate the molecular dis-
tinctions that render groups of midbrain neurons 
resistant to PD-induced neurodegeneration. 
Specifically, we carried out a meta-analysis of 
published human-derived microarray datasets to 
identify the genes that show a similar expression 

signature in populations of resistant neurons, such as the medial substantia 
nigra and the ventral tegmental area (VTA) neurons, and an altered sig-
nature in vulnerable neurons, such as those of the lateral substantia nigra. 
We identified sirt6, which codes for a component of the DNA repair 
complex, as a candidate neuroprotective gene as it has high levels of ex-
pression in the VTA and the medial substantia nigra and low expression 
levels in the lateral substantia nigra. We used immunohistochemical analysis 
to confirm this differential expression pattern of sirt6 in the midbrain of 
wild type mice. In order to further investigate the effects of altered sirt6 
expression on the nervous system, we used CRISPR genome editing tools 
to create a sirt6 knockout Drosophila melanogaster model. Our preliminary 
histological analysis reveals that the recessive mutation leads to early-onset 
neurodegeneration, as evidenced by a doubling of neuropil vacuolization 
in 30-day-old flies. We plan to further investigate the histological and be-
havioral phenotypes of this recessive mutation by assessing DNA damage 
accumulation in the brain, as measured by pH2Av protein levels, and 
evaluating the flies’ climbing activity in a standard climbing test, respectively. 
We discuss the potential usefulness of our findings with regards to gaining a 
deeper understanding of differential vulnerability and DNA damage repair 
in the setting of the aging brain and Parkinson’s disease pathology.
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Long-term analysis of the function and composition 
of the damaged, adult mouse utricle
Zahra Sayyid, HHMI Medical Fellow, Stanford University School 
of Medicine 

Mentor: Alan Cheng, MD, Stanford University School of Medicine 

The utricle requires sensory hair cells to detect 
linear acceleration such as gravity. Previous studies 
suggest that the postnatal mouse utricle contains 
cells with the innate ability to regenerate new hair 
cells after damage. Using a previously established 
hair cell damage model with 3,3’-iminodipropio-
nitrile (IDPN) as a synthetic vestibulotoxic  
nitrile compound, we have compared and corre-
lated the histological changes of the adult mouse 

utricle to recovery of vestibular function as measured by vestibular evoked 
potentials (VsEPs) one week to six months post damage.

One week after injection, .95% of IDPN-treated mice showed elevated 
VsEP thresholds in comparison to saline-treated controls. One, three, 
and six months after damage, 88.2%, 60.0%, and 66.7% of treated mice 
showed elevated thresholds, respectively. Treated mice had significantly 
higher thresholds at one week (p,0.01) but not at later time points ex-
amined. As a group, IDPN-treated mice had significantly longer P1 latencies 
and lower P1-N1 amplitudes than those of saline-treated controls.  
Plp1CreERT/1;R26RtdTomato/1 mice injected with IDPN had significant hair 
cell loss in the utricular sensory epithelium in both the striola and extrastriola 
(28.6% and 27.5% remaining, respectively). Six months after injection, 
hair cell numbers increased to 51.4% and 56.2% relative to controls in the 
striola and extrastriola, respectively. The number of traced hair cells also 
increased from one week to six months post damage. After IDPN-induced 
loss of hair cells and utricular function, a partial recovery of both is observed. 
Ongoing studies aim to better characterize the source and functionality 
of the newly generated hair cells.
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CD81 T cell responses in viremic controllers  
as a model for durable control of HIV infection
Nicholas Scanlon, HHMI Medical Fellow, University of Alabama 
School of Medicine (Harvard Medical School)

Mentor: Bruce D. Walker, MD, Howard Hughes Medical Institute,  
Ragon Institute of MGH, MIT, and Harvard, and Harvard Medical School

HIV-1-specific CD81 T cells appear in concert 
with a decline in peak viral load in acute infection, 
well before neutralizing antibodies are produced, 
and are thought to contribute to relative control 
of HIV as a quasi set point is achieved. Though a 
role for these cells in viral control is well estab-
lished, there is marked heterogeneity in the anti-
viral effectiveness of these responses, as measured 
by targeting of specific viral proteins, proliferative 

capacity, expression of negative immunoregulatory molecules, T cell receptor 
(TCR) clonotypes, and escape mutations. In order to define the properties 
of CD81 T cells associated with durable control, we are performing a detailed 
analysis of these responses in viremic controllers. These individuals, defined 
by a detectable plasma viral load of ,2000 RNA copies/ml in the absence 
of therapy, are of interest as they model a functional cure of HIV infection. 
Longitudinal samples of peripheral blood mononuclear cells from viremic 
controllers are being evaluated regarding the epitope-specificity of re-
sponses by IFN-γ Elispot assay, persistence by T cell receptor analysis, and 
antiviral efficacy by in vitro elimination assays. In addition, mechanisms of 
control are being addressed through studying the transcriptional profile 
and TCR clonotypes of proliferative and non-proliferative epitope-specific 
CD81 T cell populations via RNA-seq analysis. Preliminary data thus far 
suggest the breadth of epitope-specific responses in viremic controllers is 
largely stable over time. Additionally, viremic controllers appear to have a 
larger breadth of expandable low frequency responses in peripheral blood 
compared to chronic progressors. Better understanding the phenotypic, 
functional, and transcriptional signatures of effective HIV-specific CD81 
T cells in viremic controllers may help in the development of preventive and 
therapeutic HIV vaccines, and will be important for HIV cure strategies where 
these cells will be needed to clear virus infected cells.
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The dependency of β-cell regeneration on  
hyperglycemia: are high glucose levels required  
to generate new β-cells in vivo?
Montgomery Simms, HHMI Medical Fellow, Duke University 
School of Medicine 

Mentor: Larry G. Moss, MD, Duke University School of Medicine

Human β-cell failure leads to diabetes and life-
long insulin therapy due to limited regeneration 
of β-cells. In contrast, β-cell ablation in zebrafish 
leads to regeneration. Studying this capability 
may identify therapeutic targets. While blood 
glucose is known to affect β-cell health, its role in 
regeneration is unclear. Preliminary data indicate 
blunted regeneration in zebrafish after insulin 
treatment, suggesting either lowered glucose,  

or insulin, inhibits regeneration.
This research tests if β-cell regeneration in zebrafish is altered by  

normoglycemia. To lower glucose independent of insulin action we used 
a sodium glucose co-transporter 2 inhibitor (SGLT2i) to increase urine 
glucose excretion. The subsequent effect on β-cell regeneration is being 
evaluated via β-cell fluorescence, blood glucose measurement, and islet 
immunohistochemistry (IHC).

SGLT2i treatment lowered blood glucose in both non-regenerating 
and regenerating zebrafish as did insulin. While blood glucose returned 
to baseline in regenerating controls, SGLT2i-treated fish remained hyper-
glycemic. IHC showed fewer insulin positive cells in SGLT2i-treated fish 
than in controls.

These results show SGLT2i treatment in zebrafish reduces blood glucose; 
thus normoglycemia may lead to insulin-independent inhibition of β-cell 
regeneration, indicating hyperglycemia is a key factor. However, recent 
studies show SGLT2is may protect islets by reducing β-cell glucotoxicity. 
Increased glucagon release from islet α-cells may also confound results so 
we must evaluate the role of islets in a regenerating model. Further study 
will confirm above findings and investigate glucose-sensitive mechanisms 
underlying regeneration.

 

68

Optogenetic activation of central auditory pathways 
mediated by systemic gene delivery to the  
cochlear nucleus
Sumi Sinha, HHMI Medical Fellow, Harvard Medical School 

Mentors: David P. Corey, PhD, Howard Hughes Medical Institute and Harvard 
Medical School and Daniel J. Lee, MD, Massachusetts Eye and Ear Infirmary

Auditory brainstem implants (ABI) can improve 
hearing in deaf patients who are not candidates 
for cochlear implants (CI) due to anatomic con-
siderations. Overall, ABI performance is modest 
compared to the CI. An optically based ABI may 
improve outcomes by reducing non-specific activa-
tion of non-auditory neurons of the cochlear  
nucleus (CN) and enhancing channel selectivity. 
Here, we assess systemic gene transfer of opsins 

to the CN in vivo to enable the next step in translation of optogenetic 
technology for ABIs.

Adeno-associated viral vector (AAV) serotype 2/9 carrying a synapsin 
or CAG promoter for the Chronos-GFP coupled gene were injected into 
the superficial temporal vein or tail vein of C57BL/6J or CBA mice. 
After a minimum two week incubation period, craniotomies were per-
formed to expose the dorsal CN (DCN) and inferior colliculus (IC). 
Pulsed collimated blue laser light was delivered to the surface of the DCN 
and a recording probe was placed in the IC along the tonotopic axis. 
After testing, brains were stained for GFP expression in the CN.

Histology of both tail vein and temporal vein injected mice demonstrated 
expression of Chronos-GFP in the CN. Preliminary data from a temporal 
vein injected mouse demonstrated neuronal firing in the IC in response to 
optical stimulation. As the laser was moved across the tonotopic axis of the 
DCN, there was a shift in location of activation within the IC, correlating 
to the spatially specific projections from the CN to the IC. Tail vein  
injected mice were not optically responsive.

This study is the first to demonstrate 1) gene transfer of opsins to the 
central auditory pathways via systemic delivery and 2) light-evoked multi-
unit activity in the cochlear nucleus. Further studies will clarify whether 
increased temporal resolution of light stimuli can be achieved. Non-invasive 
approaches of opsin delivery to auditory neurons moves an optically-based 
ABI closer to clinical translation.
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Smad4 regulation of colonic  
epithelial cell homeostasis
Nathanael Smith, HHMI Medical Fellow, Meharry Medical College 
(Vanderbilt University School of Medicine)

Mentors: R. Daniel Beauchamp, MD and Anna L. Means, PhD, Vanderbilt 
University School of Medicine

Smad4 is a central mediator of the TGF-β/BMP 
signaling pathway. Germline mutations in 
Smad4 are associated with juvenile polyposis 
syndrome and inactivating somatic Smad4 mu-
tations are observed in approximately 20% of 
colorectal carcinomas and are associated with 
poor prognosis. In order to understand the role 
of Smad4 in colonic epithelial homeostasis, we 
generated tissue-specific conditional (tamoxifen-

inducible) Smad4 knockout mice (CK19CreERT; Smad4fl/fl) in which ap-
proximately 20% of colonic crypts lost Smad4 expression. Smad4 null 
crypts exhibited an expanded proliferative zone, but did not yield intestinal 
tumors. However, in the background of ApcD1638mutation Smad4 condi-
tional null mice exhibited increased (10-fold) tumorigenesis. We have 
subsequently generated Lrig1CreERT;Smad4fl/fl mice that exhibit loss of 
Smad4 in 80% of colonic glands. RNAseq comparison of Smad4 WT and 
Smad4 null mouse colonic epithelium coupled with pathway analysis sug-
gested increased MAP Kinase signaling associated in the Smad4-deficient 
colonic epithelium. We confirmed that the Smad4 deficient colonic 
glands exhibited increased phospho-ERK1/2 levels in lysates of colonic 
mucosa. Immunohistochemistry revealed an expansion of the zone of 
phospho-ERK1/2 from the base of the crypts extending approximately 
2/3 toward the lumen in Smad4 deficient, while p-ERK was restricted to 
the base of crypts in control mice. In addition, we observed evidence of 
impaired cell differentiation with decreased populations of colonic epithelial 
cells labeling with carbonic anhydrase II, Muc2 and chromogranin A. 
In conclusion, we hypothesize that Smad4 normally suppresses production 
of specific growth factors and cytokines that act through Erk1/2 to regulate 
proliferation and differentiation, and that loss of Smad4 activates these path-
ways leading to increased proliferation and delayed differentiation. We will 
test this hypothesis by inhibiting Erk1/2 activation in mice that have con-
ditional deletion of Smad4 in intestinal epithelium using a pharmacological 
MEK inhibitor, comparing the responses of proliferation and differentiation 
in Smad4-positive compared to Smad4-depleted colonic crypts.
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Discovering genes of allergic disease
Jeffrey SoRelle, HHMI Medical Fellow, University of Texas 
Southwestern Medical School 

Mentor: Bruce A. Beutler, MD, University of Texas Southwestern Medical School

Although much is known about how mammals 
respond to allergens, it is still unclear how allergies 
are acquired. Origins of allergy have both environ-
mental and genetic causes and the incidence has 
been rising in recent decades in developed nations.  
I have taken a forward genetic approach to discover 
genes with nonredundant function in allergic 
sensitivity. A screen was developed to measure 
antigen-specific IgE antibody response to a model 

cysteine protease allergen, papain, in N-ethyl-N-nitrosourea (ENU) 
mutagenized mice. Males heterozygous for ENU-induced mutations (G1) 
are bred to wild-type females, and their daughters (G2) are backcrossed to 
the G1 to produce homozygous mutations in G3 mice, which are screened 
for IgE responses to papain. Whole exome sequencing of the G1 detects 
single nucleotide mutations, which are genotyped in all G3 progeny. This 
method allows for real-time mapping, where phenotype (papain-specific 
IgE antibody level) and genotype are compared statistically using dominant, 
additive, and recessive models of inheritance to determine whether an  
observed phenotype is linked to a mutation. I have screened 13,911 G3 
mice in 602 pedigrees and have saturated the genome between 3.8% (null 
mutation 33) and 16.8% (probably damaging or null 33). I have identified 
several phenotypes that map to genes with previously unknown function 
in producing elevated IgE. Two of the genes have known roles in Th2  
responses and were able to be detected by this screen. These mutations will 
be confirmed by performing either CRISPR gene knockout or replacement 
of the original mutation. This first forward genetic screen of allergic disease 
reveals that many genes may be needed to prevent the allergic response. In 
conclusion, these genetic discoveries may help elucidate the pathogenesis 
of a dysfunctional immune system in allergic disease.
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Inhibition of MEK and DNA damage response 
pathways induces synergistic killing of Mll-Af4  
B-cell acute lymphoblastic leukemia harboring  
activated Ras mutations
Evelyn Song, HHMI Medical Fellow, Pennsylvania State University 
College of Medicine (Memorial Sloan Kettering Cancer Center)

Mentor: Scott A. Armstrong, MD, PhD, Memorial Sloan Kettering Cancer Center

Childhood B-cell acute lymphoblastic leukemias 
(B-ALL) that possess a translocation of the MLL1 
and AF4 genes, are considered high-risk with 
poor prognosis (event-free survival (EFS) of 
35%-50%), especially when compared to non-
MLL-rearranged (MLL-R) childhood ALL 
(EFS .85%). Large-scale patient sequencing of 
childhood MLL-R leukemias showed that activat-
ing mutations of the proto-oncogene RAS are 

found in almost 50% of patients with co-occurring mutations, resulting 
in even poorer overall survival rate. Here, we used a recently developed 
model of B-ALL combining MLL-Af4 and RAS mutations to assess novel 
therapeutic targets for patients with MLL-R B-ALL harboring Ras mutations.

We found that Mll-Af4/Nras B-ALLs are responsive to single agent 
MEK inhibition with trametinib (GSK212), both in vitro and in vivo. 
Furthermore, when combined with the ATR inhibitor AZ20 in vitro,  
a significant synergy was observed at sub-IC50 concentrations. Similar 
studies in different tumor settings have also suggested that inhibition of the 
DNA damage response (DDR) represents a novel therapeutic target in cells 
with increased replicative stress, which is observed in our Mll-Af4/Nras 
model, due to oncogene activation and increased reliance on a functional 
ATR-dependent cell cycle checkpoint. Strikingly, mice with secondary 
B-ALL treated with trametinib and AZ20 in vivo had significantly pro-
longed survival and reduced leukemic burden in all hematopoietic tissues 
examined compared to vehicle or single agent alone. Inactivation of the 
ATR checkpoint and inhibition of MEK pathways are synergistically  
cytotoxic to Mll-Af4/Nras B-ALL cells, resulting in increased apoptosis.

Overall, using our new in vivo murine model of Mll-R B-ALL, we 
have demonstrated a potential novel combination therapy for a group of 
patients with abysmal prognoses.
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Recapitulation of a human epilepsy syndrome  
in Fgf13 mutant mice
Kun-Wei Song, HHMI-CURE Medical Fellow, Duke University 
School of Medicine 

Mentor: James O. McNamara, MD, Duke University School of Medicine

Generalized epilepsy and febrile seizures plus 
(GEFS1) is a common genetic epilepsy syndrome. 
Mutations in four genes including Scn1a and 
Scn1b have been identified from large GEFS1 
families. These genes account for less than 20 
percent of cases and further identification of 
GEFS1 genes is necessary to gain insights into 
the genetic mechanism of epileptogenesis. Our 
lab has identified a family with a translocation 

between chromosomes X and 14 that is associated with a GEFS1 phenotype 
with febrile seizures and temporal lobe epilepsy. The breakpoint on the X 
chromosome disrupts a gene encoding FGF13, an auxiliary protein of 
voltage gated sodium channels. In addition, the breakpoint eliminates ex-
pression of three (V, Y, and VY) isoforms but preserves expression of two 
(S and U) isoforms. Our lab engineered a mouse model, in which all isoforms 
of FGF13 – V, Y, VY, S and U were eliminated, resulting in embryonic 
lethality in males and seizures typical of GEFS1 in heterozygous females. 
In order to understand the role of individual isoforms of FGF13, Y isoform 
FGF13 knockout mice were engineered resulting in mice lacking Y and 
VY isoforms. We have discovered that elimination of exon 1Y is sufficient 
to reproduce a key facet of the GEFS1 phenotype, namely age dependent 
hyperthermia induced seizures. This phenotype is evident in both males lack-
ing exon 1Y and females heterozygous for exon 1Y. Currently experiments 
are in progress to determine if the mutant 1Y mice are epileptic.
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Bacteriophage-mediated elimination of  
Escherichia coli and Pseudomonas aeruginosa  
for cystic fibrosis applications
Eric Trac, HHMI Medical Fellow, Stanford University School  
of Medicine 

Mentors: Stephen Quake, DPhil, Howard Hughes Medical Institute  
and Stanford University and David Cornfield, MD, Stanford University School  
of Medicine 

With antibiotic resistance on the rise, phage 
therapy is a promising alternative to antibiotics as 
phages offer high specificity to a range of bacterial 
hosts and the ability to multiply in, evolve with, 
and kill their hosts. In cystic fibrosis (CF), bacterial 
infections of the airways are common and pul-
monary disease is the primary cause of morbidity 
and mortality. Despite aggressive antibiotic therapy, 
virulent bacteria can become resistant and persist, 

contributing to patient decline. We will investigate the in vitro efficacy of 
diverse bacteriophages against Escherichia coli as a model organism and 
transfer our approaches to CF-associated clinical isolates of Pseudomonas 
aeruginosa. Various doses and cocktails of phages will be used to understand 
phage and bacteria dynamics over time. Using a mass-action kinetic approach, 
bacterial emergence of resistance to phage therapy will be modeled to deter-
mine conditions that limit the development of phage resistance. Phages will 
be characterized based on sequence analysis, transmission electron microscopy 
(TEM), and infectivity profiles across a library of bacteria strains. Under-
standing the efficacy of phage therapy in vitro will encourage and inform 
future phage-based treatments for CF and other human conditions plagued 
by antibiotic resistance.
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Functional evaluation of microRNA recognition 
elements in brain expressed transcripts
Tin-Yun Tang, HHMI Medical Fellow, Sidney Kimmel Medical 
College at Thomas Jefferson University (Children’s Hospital of Philadelphia)

Mentor: Beverly L. Davidson, PhD, Children’s Hospital of Philadelphia

MicroRNAs (miRNAs) are short, noncoding 
double-stranded RNAs that play a key role in 
post-transcriptional gene regulation as part of 
the miRNA-induced-silencing-complex (miRISC). 
The targeting specificity of miRNAs is driven by 
a requirement for close to perfect Watson-Crick 
base pairing between nucleotides 2-8 in the miRNA 
and the corresponding miRNA recognition element 
(MRE) in the mRNA. Although mRNA:miRNA 

pairing is predicted to span a variety of sequence elements, the majority of 
early work has focused on the functional activity of the miRNAs pairing 
with the 3’-untranslated region (UTR).

We recently generated a transcriptome-wide map of Ago2 binding sites 
in mRNAs from human brain using CLIP-seq, and mapped 7,153 MREs. 
In addition to the expected 3’UTR binding sites, we identified a number 
of MREs in coding exons. Cross-referencing the human brain MREs with 
the Single Nucleotide Polymorphism Database identified MREs within 
previously reported disease-associated SNPs. After filtering, we identified 
32 mRNA:miRNA interactions that we hypothesized would be disrupted 
or enhanced by a SNP. For functional validation, we chose 12 genes with 
MREs in the 3’UTR and 20 genes with MREs in the coding sequence.

We found functional activity of the reported MREs in reporter assays 
and confirmed the functional relevance of the MRE-resident SNPs on 
protein expression in 3’UTRs and exons. Current experimentation is under-
way to test the candidate MREs and the effects of the corresponding SNPs 
in an endogenous setting. To this end we identified iPSC cell lines harbor-
ing the desired SNPs and plan to differentiate them into pathologically 
relevant cell types. Our studies are amongst the first to evaluate the func-
tional activity of SNPs within MREs in 3’UTRs or coding exons in neural 
cells of human origin. These results complement earlier work identifying 
associations between miRNA dysregulation and neurodegenerative disorders.
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Characterization of cytokine pathways  
associated with Langerhans cell facilitation  
of UVB-induced epidermal carcinogenesis 
Jack Turban, HHMI Medical Fellow, Yale School of Medicine 

Mentor: Michael Girardi, MD, Yale School of Medicine

Basal cell carcinomas (BCCs) and squamous cell 
carcinomas (SCCs) arise from damaged keratino-
cytes (KCs) following exposure to ultraviolet B 
radiation (UVB). Situated adjacent to nearly 
all KCs is a dendritic network of epidermal 
Langerhans cells (LCs). Our group previously im-
plicated LCs in the development of UVB-induced 
KC cancers, with LC-deficient (huLangerin-DTA) 
mice being relatively resistant to tumor formation 

following chronic UVB irradiation. LC-intact mice were also shown to have 
higher epidermal expression of IL-23 and IL-22 following chronic UVB 
exposure as measured by quantitative PCR. Here we show that activation 
of toll-like receptors (TLR-2, -3, -4 and -9) on the murine LC cell line 
XS106 results in increased IL-23 production measured by multiplex cytokine 
assay. Treatment with the TLR-4 agonist LPS resulted in a 37.6 fold increase 
in IL-23 production (p5.0014), TLR-3 agonist Poly(I:C) a 4.5 fold increase 
(p,.0001), TLR-4 agonist lipoteichoic acid a 3.4 fold increase (p50.0046), 
and TLR-9 agonist ODN1668 a 15.4 fold increase (p5.0061). Notably, 
treatment with TLR-7 agonist imiquimod resulted in no significant change 
in IL-23 production. Furthermore the UVB-induced damage-associated 
molecular pattern (DAMP) HMGB1, which binds TLR-2, TLR-4, and 
TLR-9 increased production of IL-23 by freshly-isolated murine LCs 2.7 
fold (p5.0007). IL-23 has previously been shown to induce production 
of the epidermal growth factor IL-22 by both type three innate lymphoid 
cells (ILC3s) and Th17 cells and may ultimately prove a useful target in 
the prevention of UVB-induced skin cancers. We also show increased 
production of IL-22 by ILC3 following chronic UVB exposure. Together, 
this data suggests a hypothetical paradigm whereby TLR activation of 
LCs by UVB-induced DAMPs induces IL-23 production, which subse-
quently signals ILC3s to produce IL-22, delivering a proliferative signal 
to KCs, including those harboring UVB-induced mutations
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Broadband power spectral density (PSD) changes 
observed in local field potentials (LFP) during 
subcallosal cingulate deep brain stimulation  
(SCC-DBS) for treatment resistant depression (TRD)
Ashan Veerakumar, HHMI Medical Fellow, University of 
Maryland School of Medicine (Emory University School of Medicine)

Mentor: Helen Mayberg, MD, Emory University School of Medicine

Previous DBS studies suggest the importance of 
optimal stimulus parameters to achieve robust 
clinical responses. However few mechanistic  
hypotheses have been proposed or tested to explain 
these findings. To begin investigating stimulus 
frequency effects in SCC-DBS for TRD, we re-
corded SCC-LFP’s to study DBS-related broad-
band PSD slope changes. Prior to chronic DBS 
therapy, 4 SCC-DBS patients (2 females, stimu-

lated at 6mA amplitude and 1 male and 1 female stimulated at 6V) were 
briefly stimulated bilaterally at 130Hz, enabling pre-stimulus, stimulation 
and post-stimulus LFP comparisons. LFP’s from the left electrode were 
sampled at 422Hz. Pre-stimulus (before onset) and post-stimulus epochs of 
14sec were selected for analysis. Stimulation condition was omitted from this 
study to avoid contamination by DBS artifact. Preprocessing involved 50Hz 
forward-backward low-pass filtering to minimize stimulation/signal artifacts, 
and PSD estimation was conducted using Welch’s method. PSD slopes were 
estimated utilizing linear regression with log(frequency) as the input variable 
and log(power) as the output. Differences in PSD slope characteristics be-
tween conditions were observable at several frequency bands. Pre-stimulus 
PSD’s consistently contained major inflection points (‘knees’) close to 
2-3Hz, 5Hz and 12-16Hz while post-stimulus PSD’s contained a single 
inflection close to 3Hz. Broadband PSD slope-related changes were observed 
in 3 SCC-DBS patients between pre-stimulus and post 130Hz-stimulation 
periods, suggesting the importance of broadband PSD characterization in 
electrophysiological studies of specific DBS parameter settings.
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Hepatic thermal ablation: effect of device and 
heating parameters on local tissue reactions and 
distant tumor growth
Erik Velez, HHMI-SIRF Medical Fellow, University of California, 
San Francisco, School of Medicine (Harvard Medical School)

Mentors: Muneeb Ahmed, MD, and S. Nahum Goldberg, MD, Harvard Medical 
School and Beth Israel Deaconess Medical Center 

Thermal tumor ablation is used to treat a wide 
range of focal tumors, with over 100,000 treatments 
per year worldwide. Advantages include a lower 
associated morbidity and mortality compared 
to surgery or systemic chemotherapy, use in  
patients who are not surgical candidates, and 
cost-effectiveness. However, there is increasing 
awareness that local tissue reactions around the 
ablation zone can lead to widespread immunogenic 

effects. Studies have shown that non-lethal hyperthermia (40–45°C) in 
the periablational rim can lead to an upregulation of several angiogenic 
factors, tissue growth factors, and cytokines. These changes potentially have 
significant consequences on local tumor recurrence and distant tumor growth. 
The focus of our study was to investigate the biological effects between two 
different ablation modalities, microwave (MW) and radiofrequency (RF), 
and to evaluate if these changes have an impact on distant tumor growth. 

Using rat models, we demonstrated an increase in lymphocytic infil-
tration, macrophages, heat shock proteins (HSP70), and α-smooth muscle 
actin-positive hepatic stellate (α-SMA) cells in the periablational zone 
that differed by treatment modality. Additionally, there was upregulation 
of liver and serum levels of vascular endothelial growth factor (VEGF), 
hepatocyte growth factor (HGF), and interleukin-6 (IL-6), based on  
ablation method. Lastly, we showed that both RF and MW ablation of 
the liver stimulated increased distant tumor growth with corresponding 
increased proliferative indices. These tumor growth rates varied between 
modalities and, in the case of MW ablation, by power level.

Our study implicates that both MW and RF ablation can cause an increase 
in distant tumor growth through immunogenic effects. Furthermore, that 
these effects can be largely mitigated with higher-power, faster heating 
protocols. These findings can aid in the development of ablation-specific 
combination therapies.
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Mechanisms governing human memory-like  
natural killer cell function
Julia Wagner, HHMI Medical Fellow, Washington University in 
St. Louis School of Medicine 

Mentors: Todd A. Fehniger, MD, PhD and Timothy J. Ley, MD, Washington 
University in St. Louis School of Medicine

Natural killer (NK) cells are innate lymphoid cells 
critical for host defense against viral infection and 
malignant transformation. NK cells exhibit innate 
immunologic memory in response to specific hap-
tens, viruses, or combined cytokine pre-activation. 
Human cytokine-induced memory-like NK cells, 
generated by overnight pre-activation with IL-12, 
IL-15, and IL-18, respond more robustly to  
numerous stimuli (including leukemia target cells) 

for weeks to months following the initial pre-activation. The mechanisms 
responsible for the enhanced effector function of human memory-like 
NK cells are poorly understood. We hypothesized that memory-like NK 
cell differentiation augments the function of anergic NK cell populations. 
NK cells achieve functional competence through self-MHC class I inter-
actions (licensing) during maturation; if this does not occur, NK cells re-
main hypofunctional. We tested this hypothesis using normal donors with 
licensed and unlicensed NK cell populations. We observed that cytokine 
pre-activation increases IFN-γ production by both licensed and unlicensed 
NK cells in response to tumor targets or activating receptor (FcgRIIIa)  
ligation. Moreover, in response to cytokine re-stimulation, memory-like 
NK cells produce significantly more IFN-g than controls with no impact of 
licensing. We are investigating epigenetic modification of the IFN-γ gene 
locus as a potential molecular mechanism for these observations. Thus, the 
recruitment of archetypally anergic NK cell populations represents a cellular 
mechanism responsible for the enhanced effector function of memory-like 
NK cells, which may be harnessed for anti-tumor immunotherapy.
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Immunization against malignant melanoma  
in a murine model using extracorporeal  
photochemotherapy
Jake Wang, HHMI Medical Fellow, Yale School of Medicine 

Mentors: Marcus Bosenberg, MD, PhD and Richard Edelson, MD, Yale School 
of Medicine

Since 1987, extracorporeal photochemotherapy 
(ECP) has demonstrated remarkable efficacy as a 
therapy for cutaneous T cell lymphoma (CTCL) 
and graft versus host disease (GVHD). Interest-
ingly, ECP appears to provide lasting immuniza-
tion against CTCL antigens while tolerizing to 
tissue antigens in the setting of GVHD. Given 
the immunomodulatory effects of this therapy, 
we hoped to apply its principles to the treatment 

of melanoma, a particularly immunogenic malignancy.
To this aim, we treated C57BL/6 mice engrafted with a melanoma 

cell line engineered to carry three driver mutations of human melanoma: 
BRAFV600E, PTEN2/2 and CDKN2A2/2. Treatments consisted of passing 
peripheral blood mononuclear cells (PBMCs) through a modified plate 
system adapted from human ECP and incubation of the processed PBMCs 
with tumor cells treated with UVA activated 8-methoxypsoralen prior to 
reinfusion. Mice were given six treatments over three weeks, and tumor sizes 
were measured twice weekly.

Compared to the control group (n55), the treatment group (n55) 
exhibited significantly delayed tumor growth by day 27 post-inoculation 
(p, 0.05). CD11b1 myeloid derivatives within the treatments appear to 
play an important role in controlling tumor growth as negative selection 
for these cell types preserved the anti-tumor response. Furthermore, in vivo 
depletion of CD3 nearly eliminates the effect, suggesting that treatments 
promote a T cell mediated immune response. This adaptation of ECP may 
facilitate antigen processing and presentation by dendritic cells ex vivo, 
thereby enhancing adaptive immunoprotection against malignant cells.
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Clonal hematopoiesis determination by the 
human androgen receptor gene (HUMARA) assay 
enriches for somatic mutations in chromatin and 
epigenetic regulatory genes
Julia Erin Wiedmeier, HHMI Medical Fellow, Oregon Health 
and Science University School of Medicine 

Mentor: Brian Druker, MD, Howard Hughes Medical Institute and Oregon 
Health and Science University

Recent large retrospective studies revealed that 
somatic mutations in chromatin and epigenetic 
regulatory genes (CERGs), including ASXL1, 
DNMT3A, and TET2, occur in healthy older 
individuals and increase their risk for hematologic 
malignancy and all-cause cardiovascular deaths. 
CERGs play a key role in regulating DNA methyl-
ation (DNMT3A and TET2) or histone function 
(ASXL1) and in clonal proliferation of hema-

topoietic stem cells. We hypothesize that older women demonstrating 
clonal hematopoiesis, defined as a phenomenon where a hematopoietic stem 
cell has acquired a survival and proliferative advantage, can more accurately 
identify women at risk for somatic mutations in CERGs. We used the 
human androgen receptor gene (HUMARA) assay to detect non-random 
X-inactivation in women, a marker for clonal hematopoiesis. We tested 
181 blood samples from women .65 years old without a history of invasive 
cancer or hematologic malignancy and identified samples with clonal 
hematopoiesis qualitatively. Only older women were used as somatic  
mutations increase with age and our assay depends on two X chromosomes. 
This was followed by confirmation via quantitative AUC analyses. Using 
this approach, 26% displayed definitive clonal hematopoiesis, 53% displayed 
definitive non-clonal hematopoiesis, and 21% displayed indeterminate 
patterns. Similar to previous reports, clonal hematopoiesis increased with age. 
Using next generation sequencing, we identified somatic mutations in 
CERGs in 15% of subjects with clonal hematopoiesis (3 ASXL1 and 2 
DNMT3Amutations with an average variant allele frequency of 15.7%). 
We conclude that clonal hematopoiesis in older women enriches for somatic 
mutations in CERGs in peripheral blood cells leading to an increased risk 
for hematologic malignancy and all-cause cardiovascular deaths.
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αA334T polymorphism enhances salt-sensitive  
inhibition of the epithelial sodium channel
Noah Williford, HHMI Medical Fellow, University of Iowa Roy 
J. and Lucille A. Carver College of Medicine 

Mentor: Peter M. Snyder, MD, University of Iowa Roy J. and Lucille A. Carver 
College of Medicine

The epithelial sodium channel (ENaC) forms a 
critical pathway for sodium absorption in the 
renal collecting duct. Inherited mutations cause 
Liddle’s syndrome, an autosomal dominant form 
of hypertension, as well as the autosomal recessive 
salt wasting disorder, pseudohypoaldosteronism 
type 1. Therefore, elucidating mechanisms that 
regulate ENaC may lead to a greater understanding 
of blood pressure control and the pathogenesis 

of hypertension. Previous work suggests that the ENaC extracellular  
domain acts as a sensor to detect and respond to a variety of signals in the 
extracellular environment. For example, extracellular sodium and chloride 
both inhibit ENaC activity, providing feedback mechanisms to modulate 
renal sodium absorption. We identified a common polymorphism (3.7% 
of European American alleles, 45% of African American alleles) in the extra-
cellular domain of αENaC: A334T. To test the effects of this polymorphism 
on ENaC function, we expressed it in Xenopus oocytes by nuclear injection 
of cDNAs encoding ENaC. One day after injection, we measured ENaC 
sodium currents by two-electrode voltage clamp. Cells expressing the αA334T 
variant had smaller sodium currents than cells expressing wild type ENaC. 
This finding was specific to the αA334T polymorphism; mutation to other 
amino acids did not reduce current. In addition, cells expressing αA334T 
had a greater degree of sodium self-inhibition (with peak current remaining 
the same), as well as a greater degree of Cl2 inhibition. In summary, the 
αA334T polymorphism decreased ENaC current by increasing inhibition 
by sodium and Cl2. We speculate that by enhancing salt-sensitive inhibition, 
this variant may protect against salt-sensitive increases in blood pressure.
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Hyaluronan processing and function  
in the progression of breast cancer
Patrice Witschen, HHMI-BWF Medical Fellow, University of 
Minnesota College of Veterinary Medicine 

Mentors: Jaime F. Modiano, VMD, PhD, University of Minnesota College 
of Veterinary Medicine and Kathryn L. Schwertfeger, PhD, University of Minnesota

Hyaluronan (HA) is a large, soluble, glycosamino-
glycan of the extracellular matrix that has anti-
inflammatory and anti-angiogenic effects under 
physiologic conditions. However, HA is cleaved 
into low molecular weight (LMW) fragments 
under conditions of cellular or organismal stress, 
acting as a molecular “switch” that promotes  
inflammation. In breast cancer, a decrease in HA 
synthesis has been correlated with decreased tumor 

cell proliferation and migration. However, the roles of HA fragmentation 
in the progression of breast cancer are unknown. We predict that HA 
fragmentation increases during this transition, promoting both inflammation 
and angiogenesis through LMW HA-CD44 interactions. To test our  
hypothesis, the presence/absence of HA fragmentation was determined 
using gel electrophoresis in breast cancer cell lines, along with healthy 
mammary tissue and mammary tumors derived from mice. Our data suggests 
as a cancerous lesion progresses, HMW HA production increases via  
hyaluronan synthase 2 (HAS2), but HA fragmentation does not occur 
until the tumor acquires a more aggressive phenotype. We are also evaluating 
changes in IL-6, IL-8, and VEGF gene expression as downstream effects 
of CD44 signaling in response to HA synthesis inhibition along with LMW 
and HMW HA treatments. Our data suggests that IL-8 expression decreases 
with the inhibition of HA synthesis, yet significant changes have not been 
seen between IL-6 or VEGF expression. Finally, we have verified the presence 
of CD44 protein in normal and cancerous cell lines via flow cytometry 
and found an increase in CD44 cell surface expression in aggressive tumor 
cells when compared to normal cells. We are currently working on knocking 
out CD44 using the CRISPR/Cas9 method to determine the functional 
relationship between the CD44-HA interactions. By targeting CD44 
signaling associated with inflammation and angiogenesis, new therapeutic 
approaches can be developed for the treatment of breast cancer.
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Identifying and characterizing novel candidate 
genes for Andersen-Tawil syndrome
Wonhee Woo, HHMI Medical Fellow, State University  
of New York Downstate Medical Center College of Medicine  
(University of California, San Francisco)

Mentor: Louis J. Ptáček, MD, Howard Hughes Medical Institute and  
University of California, San Francisco 

Andersen-Tawil syndrome (ATS) is a rare genetic 
disorder, characterized by distinctive symptoms; 
episodic muscle weakness and paralysis, cardiac 
arrhythmias, and a variety of distinctive cranio-
facial and skeletal features, dental anomalies, and 
neurocognitive phenotype. ATS occurs sporadi-
cally or inherited as an autosomal dominant trait, 
with highly variable expressivity. We previously 
identified a gene, KCNJ2 that is mutated in ap-

proximately 65% of all ATS families. The KCNJ2 gene encodes the Kir2.1 
protein, an inwardly rectifying potassium channel that plays a critical role 
in regulating the terminal phases of repolarization of the action potential 
in skeletal muscle and heart. All mutations occur in highly conserved and 
functionally important protein domains and include deletion, substitution, 
and de novo mutations. These mutations co-segregate with the disease in 
patients with a family history with variable expressivity. Also, it is found 
that deletion of Kir2.1 in mice causes cleft palate and digital defects, which 
are strikingly similar to the developmental defects of ATS patients.

However, approximately 35% of well-characterized ATS patients have 
no recognized KCNJ2 mutations, suggesting that there are additional un-
identified genes that cause ATS. The remaining KCNJ2-mutation negative 
patients share a similar clinical phenotype to that of KCNJ2-mutation 
positive patients. We carried out whole exome sequencing (WES) in  
20 probands who do not harbor KCNJ2 mutations, and identified  
several candidate genes and novel mutations with statistical significance 
(p,1x1025), which include HAX1, CRB1, KRBA1, SEC31B. We started 
with investigating the effects of the mutant HAX1 in HEK293 cells.  
We generated recombinant constructs of WT and mutant HAX1, and 
PLN, a gene that encodes a small protein known to interact and translocate 
with HAX1 protein. Our immunohistochemistry experiment demonstrated 
that the HAX1 mutant protein fails to colocalize with PLN in the cell. 
We are concurrently investigating the other candidate genes, and we  
hypothesize that further characterization of these genes and mutations 
would greatly facilitate the underlying disease mechanism and pathway.

 

84 

Basophils promote acute atopic  
dermatitis-associated itch after antigen challenge
Amy Xu, HHMI Medical Fellow, Washington University in  
St. Louis School of Medicine 

Mentors: Brian S. Kim, MD, MTR, Washington University in St. Louis School 
of Medicine and Wayne Yokoyama, MD, Howard Hughes Medical Institute 
and Washington University in St. Louis School of Medicine

Atopic dermatitis (AD) is a common, relapsing 
inflammatory skin disorder whose most prominent 
and incapacitating symptom is itch, or pruritus. 
During a disease flare, baseline chronic itch may 
acutely intensify and further debilitate an individual 
suffering from AD. Employing a murine model 
of AD-like disease induced by the topical vitamin D 
analog MC903 (calcipotriol), we recently found 
that basophils accumulate in the skin and promote 

the development of skin thickening and histopathologic features of in-
flammation. However, the role of basophils in acute and/or chronic  
AD-associated itch remains poorly understood. In this study, we employed 
a basophil depletion strategy to test whether basophils contribute to  
AD-associated itch. Despite a reduction in AD-like disease features, itch 
at the primary site was unchanged. We previously showed that basophils 
promote sensitization to environmental antigens encountered on AD-like 
lesions, and elicit systemic allergic responses upon antigen challenge at a 
secondary site. Thus, we hypothesized that basophils may be important in 
mediating acute antigen-induced itch following chronic epicutaneous antigen 
sensitization. To test this, we sensitized mice with the model antigen  
ovalbumin (OVA) at the primary site of AD-like disease, and then chal-
lenged mice at a separate non-diseased site. Strikingly, OVA challenge 
elicited severe and sustained scratching behavior in wild-type mice that 
was significantly reduced in basophil-deficient littermates. Our findings 
reveal a previously unrecognized role of basophils in mediating acute itch 
flares in AD, and suggest that modulation of basophil function with targeted 
therapies such as omalizumab (a humanized monoclonal anti-IgE antibody) 
may be beneficial in reducing AD-associated acute pruritus. Towards this 
end, mass cytometry studies assessing basophil phenotypes in the skin of 
human AD patients are currently underway.
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Synergy between PARP and Wee1 inhibitors 
suggests homologous recombination  
repair defect in NSCLC as a mechanistic target  
for combination therapy
Daniel Yang, HHMI Medical Fellow, Yale School of Medicine 
(Harvard Medical School)

Mentors: Daphne Haas-Kogan, MD and Alan D. D’Andrea, MD, Dana-Farber 
Cancer Institute and Harvard Medical School 

Recent evidence suggests that impaired homologous 
recombination (HR) occurs in a subset of non-
small cell lung cancers (NSCLCs) and may serve 
as a predictive biomarker for sensitivity to DNA 
damaging agents. Poly-ADP ribose polymerase 
(PARP) and Wee1 inhibition represent two 
mechanistically distinct approaches to augment 
the effects of DNA damage. Specifically, the 
PARP inhibitor olaparib is synthetic lethal in HR 

deficient tumors. AZD1775 is a Wee1 inhibitor that abrogates the G2/M 
checkpoint and has been reported to exhibit single-agent activity in patients 
harboring BRCA1/2 mutations. Therefore, we hypothesize that olaparib 
and AZD1775 would have synergistic effects in a subset of NSCLCs and 
that HR deficiency could be predictive of tumor response.

Utilizing Rad51 focus formation as a marker of HR deficiency, we 
prospectively selected representative NSCLC cell lines that either did 
(e.g. Calu6) or did not (e.g. A549) harbor putative defects in HR repair. 
We treated Calu6 and A549 and other NSCLC cells with varying doses 
and schedules of AZD1775 and olaparib, and determined cytotoxicity 
and effect on downstream protein markers.

In response to combination treatment, Calu6 cells demonstrated 
markedly more pronounced synergistic sensitivity (median CI50.19) 
compared to A549 cells (median CI50.90). On biochemical analysis, we 
observed inhibition of p-Cdk1, upregulation of p-Chk1, and upregulation of 
p-KAP1, suggesting abrogation of the G2/M checkpoint and activation of 
ATM/ATR repair pathways, all consistent with the mechanistic  
underpinnings of our hypothesis.

Taken together, these results provide early pre-clinical evidence for 
the rational combination of Wee1 and PARP inhibition in the treatment 
of advanced NSCLC, and suggest HR deficiency as a predictive marker 
applicable to NSCLC. Continued mechanistic investigation and further 
confirmatory studies are warranted to inform the selection of patients 
who may maximally benefit from such combination treatment.
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Mechanism of enhanced angiotensin II-mediated 
renal vasoconstriction in spontaneously  
hypertensive rats
Xiao Zhu, HHMI Medical Fellow, University of Pittsburgh School 
of Medicine 

Mentor: Edwin K. Jackson, PhD, University of Pittsburgh School of Medicine

Development of essential hypertension is intimately 
related to impaired renal hemodynamics. Sponta-
neously hypertensive rats (SHR), compared to 
normotensive Wistar-Kyoto rats (WKY), exhibit 
enhanced renal vascular resistance (RVR) in re-
sponse to angiotensin II (Ang II), a Gq-coupled 
receptor agonist. This response can be further 
augmented in SHR with Gi-coupled receptor 
agonists, and can be normalized by inhibiting 

the Gi pathway with pertussis toxin (PT). These data show that enhanced 
Ang II-mediated renal vasoconstriction in SHR requires Gi signaling; 
however, mechanisms governing this phenomenon are poorly understood.

Past studies suggest that increased afferent arteriolar vasoconstriction 
by pre-glomerular vascular smooth muscle cells (PGVSMCs) may be re-
sponsible. We found that SHR PGVSMCs cultured and embedded in a 
collagen gel matrix demonstrate enhanced contraction in response to Ang II 
compared to WKY PGVSMCs. The addition of neuropeptide Y (NPY), 
a physiologic Gi agonist, further augments this response in SHR PGVSMCs, 
but not in WKY PGVSMCs. Moreover, inhibition of Gi signaling with 
PT decreases SHR PGVSMC contraction similar to levels observed  
in WKY PGVSMCs. These in vitro findings correlate well with past  
in vivo observations.

To delineate a molecular mechanism, we looked toward Gq and Gi 
signal transduction. The Gq and Gi pathways, via the Gαq and Gβγ G 
protein subunits, respectively, converge on phospholipase C-β3 (PLCβ3) 
to initiate contractile signaling. We found that membrane isolates of 
SHR PGVSMCs possess significantly more Gαq, Gβγ, and PLCβ3 com-
pared to WKY PGVSMCs. Additionally, selective inhibition of PLCβ 
with the small molecule U73122 completely prevents contractile responses, 
supporting PLCβ3 as a crucial point of convergence. Our results demon-
strate that greater PGVSMC contractile responses are likely responsible for 
enhancing Ang II-mediated renal vasoconstriction in SHR, due to greater 
membrane localization of Gq and Gi signal transducers.




