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trafficking, via a Syk/Ca/CaMKII axis, providing 
another level of TNF-α regulation, allowing for the 
fine-tuning of this potent inflammatory cytokine.

Poster: ASCI-2

Aberrant H3K79 methylation in 
hematopoiesis and hematologic 
malignancies

Kathrin Bernt1, Jessica Haladyna1, Jenny 
Chang2, Nan Zhu2, Amit Sinha2, and Scott 
A. Armstrong2

1University of Colorado, Department of Pediatrics, 
Hematology/Oncology/BMT and Children’s Hospital 
Colorado, Aurora, CO; 2Department of Pediatrics, Human 
Oncology and Pathogenesis Program, Memorial Sloan-
Kettering Cancer Center, New York, NY.

The histone 3 lysine 79 (H3K79) methyltransferase 
DOT1L has been shown to play a fundamental 
role in MLL-rearranged leukemias, and a small 
molecule inhibitor of DOT1L enzymatic function has 
recently entered early-phase clinical trials. DOT1L 
is recruited by MLL-fusion proteins, and the most 
common MLL-rearranged leukemias are driven by 
a transcriptional program that is dependent on 
H3K79 methylation. Despite a relative abundance 
of H3K79 methylation (11% of all histones) and 
reports that H3K79 di-methylation is universally 
coupled to transcription, dependence on this mark 
was remarkably specific for the leukemogenic gene 
expression program. Of the large number of loci 
(>5,000) associated with H3K79me2 methylated 
histones, only a small fraction was downregulated 
after loss of Dot1l. This Dot1l-down gene expression 
signature was greatly enriched for MLL-fusion 
targets and genes with known roles in MLL-
rearranged leukemia biology. Phenotypically, the 
requirement for functional Dot1l could be relieved 
by expressing the two major downstream targets 
of MLL-fusions, HoxA9 and Meis1a, of a retroviral 
promoter, thereby circumventing epigenetic 
regulation.

MLL-fusion–driven leukemias typically show 
phenotypic changes of growth arrest and 
differentiation, and disappear from the blood of 
leukemic animals, within 8–14 days after loss or 
inhibition of Dot1l. However, loss of Dot1l has also 

Poster: ASCI-1

A CpG-triggered Syk/calcium/CaMKII 
signal directs the secretion of TNF-α 
by innate immune cells

S. Rao1,2, X Liu3, B. Freedman3, and E. 
Behrens1

1Division of Pediatric Rheumatology, Children’s Hospital 
of Philadelphia, Philadelphia, PA; 2Immunology Graduate 
Group, University of Pennsylvania, Philadelphia, PA; 
3Department of Pathobiology, School of Veterinary 
Medicine, University of Pennsylvania, Philadelphia, PA.

Innate immune cells secrete TNF-α in response to 
inflammatory stimuli such as CpG DNA motifs. 
Membrane-bound TNF-α is packaged in the Golgi, 
from where it is transported to endosomes. It is 
then sent to the cell surface for cleavage by TNF-α–
converting enzyme and subsequent release. The 
kinase Syk is reported to regulate cytokine secretion 
in multiple and conflicting manners. We therefore 
examined Syk in regulating CpG DNA–stimulated 
TNF-α secretion. Secreted cytokines were measured 
by ELISA and surface cytokines by flow cytometry. 
Gene deletion was achieved with both Cre-Lox and 
shRNA methods.

Genetic deletion of Syk in macrophage cell lines 
and primary dendritic cells decreased CpG-induced 
TNF-α secretion, while IL-6 secretion was normal. 
CpG-induced TNF-α mRNA and intracellular protein 
levels remained normal in the absence of Syk. 
Interestingly, CpG-induced plasma membrane levels 
of TNF-α were decreased in Syk deficiency, suggesting 
that Syk is important for TNF-α intracellular 
trafficking. A downstream effector of Syk is calcium 
(Ca) flux mediated by PLCγ activation. Supporting a 
role for Ca in Syk-mediated TNF-α release, we show 
that: 1) CpG stimulation triggered calcium flux only 
in Syk-sufficient cells, 2) silencing PLCγ2 phenocopied 
the TNF-α defect of Syk-deficient cells, and 3) forced 
Ca mobilization using ionomycin rescued the TNF-α 
secretion defect in Syk-deficient cells. CpG-triggered 
phosphorylation of the calcium-dependent kinase 
CaMKII was defective in Syk-deficient cells. CpG-
induced TNF-α secretion was defective in CaMKII-
deficient cells and was not rescued by ionomycin, 
suggesting that CaMKII is downstream in the pathway 
initiated by Syk-Ca signaling. These data suggest 
that CpG provides both active signals for TNF-α 
transcription and translation as well as intracellular 
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and the ultimate outcome, i.e., survival or death. 
BALF protein profiles of early-phase survivors 
were compared with those of early-phase non-
survivors and late-phase survivors. Pooled BALF 
protein expression was characterized with iTRAQ in 
combination with tandem mass spectrometry (MS). 
Gene Ontology enrichment analysis was performed 
using Database for Annotation, Visualization, and 
Integrated Discovery (DAVID).

Results: A total of 22 BALF samples from 15 
patients in early phase (7 survivors, 8 non-survivors) 
and 7 patients in late phase (all survivors) were 
studied. A total of 769 proteins were identified at 1% 
global false discovery rate (FDR). During the early 
phase of ARDS, 88 proteins were more abundant in 
survivors when compared with non-survivors. These 
proteins enriched coagulation, lipid metabolism, 
complement-mediated immune response, cellular 
chemical homeostasis and ion transport, protein 
processing, and positive regulation of immune 
response. In late-phase survivors, 27 proteins 
were more abundant when compared with early-
phase survivors. Though these proteins enriched 
locomotory behavior in immune response, this did 
not reach statistical significance. Several proteins 
demonstrated highly differential expression, 
suggesting that they could be tested as biomarkers.

Conclusion: Early BALF protein expression profiles 
differed between survivors and non-survivors with 
ARDS. The differentially expressed proteins are likely 
to identify biomarkers for prognostication in ARDS.

Poster: ASCI-4

Exposure to gun violence, African 
ancestry, and asthma in Puerto Rican 
children

John M. Brehm1, Sima Ramratnam1, 
YuehYing Han1, Edna Acosta-Pérez2, 
Lambertus Klei3, Kathryn Roeder4, Nadia 
Boutaoui1, Erick Forno1, María Alvarez2, 
Angel Colón-Semidey2, Glorisa Canino2, 
and Juan C. Celedón1

1Division of Pulmonary Medicine, Allergy and 
Immunology, Department of Pediatrics, Children’s 
Hospital of Pittsburgh of UPMC, University of Pittsburgh 
School of Medicine, Pittsburgh, PA; 2Behavioral Sciences 
Research Institute, University of Puerto Rico, San Juan, 

been shown to affect normal hematopoiesis. Mice 
with genetic inactivation of Dot1l develop bone 
marrow failure over the course of 1–3 months. We 
sought to understand what genetic programs are 
dependent on Dot1l and H3K79 di-methylation 
during normal hematopoietic development. We 
performed gene expression profiling for defined 
hematopoietic progenitor populations in normal 
and (hematopoiesis-specific) Dot1l–/– animals and 
correlated results with ChIP-Sequencing profiles in 
the same populations. Similar to our results in MLL-
rearranged leukemias, we found that the expression 
of only a small fraction of the loci associated with 
H3K79 di-methylation is dependent on this mark. 
H3K79 di-methylation dependent gene expression 
programs partially overlapped with the Dot1l-down 
signature in MLL-rearranged leukemias. Specifically, 
HoxA9 expression in LSK (lin–Sca-1+c-Kit+) cells 
required the presence of functional Dot1l. This raises 
the intriguing possibility that non-MLL-rearranged 
leukemias with high HOXA cluster gene expression 
may also be amenable to DOT1L inhibition as a 
therapeutic modality. We are currently developing 
strategies to test this hypothesis in preclinical 
models. Our findings may inform the design of 
further clinical trials investigating DOT1L inhibition 
as a therapeutic strategy in leukemia.

Poster: ASCI-3

Bronchoalveolar lavage fluid protein 
profiling in ARDS: early differences 
between survivors and non-survivors

M. Bhargava, T. Becker, L.A. Higgins, P. 
Jagtap, S. Dey, M. Steinbach, B. Wu, V. 
Kumar, P.B. Bitterman, D.H. Ingbar, and 
C.H. Wendt

University of Minnesota, Minneapolis, MN.

Introduction: Acute respiratory distress syndrome 
(ARDS) continues to have up to 40% mortality. 
Bronchoalveolar lavage fluid (BALF) protein profiling 
in ARDS has the potential to identify prognostic 
biomarkers and provide novel insights into its 
pathogenesis.

Methods: Patients with ARDS were divided into 
subgroups based on the phase of ARDS when the 
BALF was collected (early and late divided at day 7) 
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Biomarker-determined cigarette 
smoke exposure and clinical outcomes 
in the acute respiratory distress 
syndrome

S. Jean Hsieh1, Hanjing Zhuo2, Neal L. 
Benowitz2, Taylor Thompson3, Kathleen 
D. Liu2, Michael A. Matthay2, Carolyn S. 
Calfee2, and NHLBI ARDS Network

1Albert Einstein College of Medicine, Montefiore Medical 
Center, New York, NY; 2University of California San 
Francisco, San Francisco, CA; 3Massachusetts General 
Hospital, Harvard Medical School, Boston, MA.

Rationale: Cigarette smoke exposure has recently been 
shown to be associated with increased susceptibility 
to trauma and transfusion-associated acute respiratory 
distress syndrome (ARDS) and with poor short-term 
outcomes after lung transplantation. We sought to 
determine 1) the prevalence of active and passive 
cigarette smoke exposure in a diverse multicenter 
sample of patients with ARDS and 2) whether 
active and/or passive cigarette smoke exposure are 
associated with severity of lung injury and clinical 
outcomes in this population.

Methods: NNAL (4-[methylnitrosamino]-1-[3-
pyridyl]-1-butanol), a validated marker of cigarette 
smoke exposure, was measured in urine samples 
from 381 subjects enrolled in two NHLBI ARDS 
Network randomized controlled trials of therapies 
for ARDS (Rice et al., JAMA 2011; Matthay et al, Am J 
Respir Crit Care Med 2011). Subjects were classified 
as active smokers, passive smokers, or nonsmokers 
using a previously validated cutoff for NNAL (64 pg/
mg Cr).

Results: Urine NNAL levels were consistent with 
active smoking in 40% (95% CI 35%–45%) of subjects 
and passive smoking in 28% of subjects (95% CI 20%–
35%) and 37% of nonsmokers. Urine NNAL detected 
34% more active smokers than smoking history. 
Subjects with NNAL levels consistent with active 
smoking were younger, had fewer comorbidities, 
and had lower severity of illness at enrollment when 
compared with subjects with NNAL levels consistent 
with no exposure or passive exposure. Despite this 
lower severity of illness, lung injury score, PaO2/FiO2 
ratio, and oxygenation index did not differ based 
on NNAL-determined smoking status. Cigarette 

PR; 3Department of Psychiatry, University of Pittsburgh 
School of Medicine, Pittsburgh, PA; 4Department of 
Statistics, Carnegie Mellon University, Pittsburgh, PA.

Background: Puerto Rican children are often exposed 
to violence and have disproportionately high rates 
of asthma. We have shown that African ancestry 
is associated with lower lung function in this 
population.

Objective: To examine whether hearing gunshots 
and/or African ancestry is associated with asthma.

Methods: Cross-sectional study of 568 Puerto Rican 
children ages 6–14 years with (n = 298) and without 
(n = 270) asthma (physician-diagnosed asthma and 
wheeze in the prior year) in San Juan, PR. We estimated 
the percentage of African racial ancestry in study 
participants using genome-wide genotypic data. 
Exposure to violence (including gunshots) was assessed 
using a standardized questionnaire. Multivariate 
models were adjusted for age, gender, parental asthma, 
and household income.

Results: After adjustment for income and other 
covariates, hearing a gunshot more than once was 
associated with asthma (odds ratio [OR] = 1.6, 95% 
confidence interval [CI] = 1.2–2.3, P = 0.005). After 
including African ancestry in the multivariate model, 
there was significant modification of the effect of 
hearing gunshots on asthma by ancestry (P = 0.02). 
In an analysis stratified by African ancestry (< vs. ≥ 
35% [median value]), the estimated effect of hearing 
gunshots on asthma was greater in children with 
African ancestry ≥35% (OR = 3.7, 95% CI = 1.4–10.3, P 
= 0.008) than in those with African ancestry <35% (OR 
= 1.4, 95% CI = 0.9–2.1, P = 0.13).

Conclusions: Puerto Rican children who have 
heard gunshots at least twice in their lifetime have 
significantly higher risk of asthma, particularly if 
they have ≥35% African ancestry. Our findings may 
be explained by underlying environmental/lifestyle 
factors and/or epigenetic mechanisms.
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523/1166 (45%) formed 151 networks (mean 3.5/
network, range 2–23). 73% of network subjects were 
male and 43% MSM. Ten large networks (mean 13/
network) were formed by 24% (126/523) of subjects. 
Mean interval of transmission events within networks 
based on the earliest and latest MRCA was 12 years. 
25% (32/126) of transmission events occurred after a 
known diagnosis of HIV.

Conclusions: Phylogenetic analyses of HIV 
molecular sequences can depict local networks 
and risk factors potentially responsible for HIV 
transmission. In our community, HIV transmission 
is at least partly driven by chronically infected 
individuals in long-standing networks. These data 
inform on the need for targeted secondary prevention 
interventions.

Poster: ASCI-6

Delayed anaphylaxis after consuming 
red meat in adults and children is 
due to an IgE response induced by 
tick bites

S.P. Commins, H.R. James, L. Workman, 
and T.A.E. Platts-Mills

Departments of Medicine and Pediatrics, University of 
Virginia Health System, Charlottesville, VA.

Background: Two novel forms of anaphylaxis have 
recently been defined: 1) acute reactions during 
the first infusion of cetuximab and 2) delayed 
anaphylaxis to red meat. In each case, these reactions 
were shown to occur in patients who had IgE 
antibodies to the oligosaccharide galactose alpha-1,3-
galactose (alpha-gal), which is a mammalian blood 
group substance.

Methods: Subjects were enrolled in our IRB-
approved protocol, questionnaires completed, 
and blood tests performed. In order to specifically 
investigate the delay in the food reactions, we also 
carried out food challenges using 50 g pork or beef 
in certain subjects. These subjects were monitored 
clinically and by following in vivo basophil activation 
(as CD63 expression) for 6 hours.

Results: Questionnaire data revealed that of 200 
subjects who had been to an ED, over 80% had a 
history of eating mammalian meat and >90% reported 
tick bites. Additional evidence for a role of tick bites 

smoke exposure as measured by urine NNAL was 
not associated with 60-day mortality after adjusting 
for differences in age, comorbidities, and severity 
of illness in multivariate analysis (OR 0.57, 95% CI 
0.28–1.18; P = 0.13).

Conclusions: In this first multicenter study of 
cigarette smoke exposure in patients with ARDS, the 
prevalence of active smoking, as assessed by urine 
NNAL, was double the national population average 
(40% vs. 20%). Despite their younger age, better 
overall health, and lower severity of acute illness, 
smokers had equivalent severity of lung injury as 
nonsmokers. These findings suggest that smokers may 
be more susceptible to developing lung injury than 
nonsmokers with similar severity of illness.

Funding: 8KL2TR0000088-05 (S.J.H.), HL090833 
(C.S.C.), HL110969 (C.S.C.), Flight Attendant Medical 
Research Institute (C.S.C., N.L.B.); NIH/NCRR UCSF-CTSI 
Grant Number UL1 RR024131 (C.S.C.); NHLBI ARDS 
Network N01-HR-56165-56713 ; HL51856 (M.A.M.). 

Poster: ASCI-5

Phylogenetic investigation of HIV 
transmission networks

Philip A. Chan and Rami Kantor

Department of Medicine, Brown University, Providence, RI.

Background: Phylogenetic analyses of HIV molecular 
sequences can reveal HIV transmission networks 
among high-risk groups. Characterization of 
these networks can identify risk factors for HIV 
transmission and targets for HIV prevention.

Methods: To investigate transmission networks, 
we aggregated HIV pol genotypes and clinical data 
from 2004–2011 at the largest HIV center in Rhode 
Island. Maximum likelihood trees were constructed 
in PhyML v3.0. Transmission networks were defined 
in PhyloPart (≥2 sequences, ≥90% branch support, 
short genetic distances). For large (≥8) networks, 
we estimated timing of transmission events and 
relationship to diagnosis dates by determination 
of the most recent common ancestor (MRCA) of 
sequence pairs in BEAST v1.7.1.
Results: A total of 1,277 unique sequences were 
analyzed: 71% male; 31% men who have sex with 
men (MSM), 14% intravenous drug users (IDU), 30% 
heterosexual, 14% ≥2 risk factors, 11% other. 91% 
were HIV-1 subtype B and included in the analyses. 
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The annual cost of VTE was $78.4 million. Discharges 
with primary DVT and PE cost $12.5 million and 
$18.9 million, respectively, while secondary DVT and 
PE cost $35.0 million and $12.0 million, respectively. 
Compared with secondary DVT, discharges with 
secondary PE had shorter hospital stays (3.6 days vs. 
5.6 days, P = 0.049) but higher mortality rate (0.2 vs. 
0 per 100 discharges, P = 0.009).

Conclusion: Acute VTE is associated with 
significant economic costs. Because secondary 
VTEs are most likely hospital-acquired, effective 
thromboprophylaxis may result in significant cost 
savings.

Poster: ASCI-8

Comparing the effectiveness of 
automated decision support for 
families, clinicians, or both on human 
papillomavirus vaccine receipt

Alexander G. Fiks1,2,3,4,5, Robert W. 
Grundmeier1,4,5, Stephanie Mayne2,3, 
Lihai Song2,3, Kristen Feemster2,3,5,6, Dean 
Karavite4, Cayce C. Hughes2,3, James 
Massey1, Ron Keren3,5,7, Louis M. Bell1,5, 
Richard Wasserman8, A. Russell Localio7

1The Pediatric Research Consortium, 2PolicyLab, 3Center 
for Pediatric Clinical Effectiveness,4Center for Biomedical 
Informatics, and 5Division of Infectious Diseases, 
The Children’s Hospital of Philadelphia, Philadelphia, 
PA; 6Department of Pediatrics and 7Department of 
Biostatistics and Epidemiology, Perelman School of 
Medicine, University of Pennsylvania, Philadelphia, PA; 
and 8Department of Pediatrics, University of Vermont 
College of Medicine, Burlington, VT.

Objective: To improve human papillomavirus (HPV) 
vaccination rates, we studied the effectiveness of 
targeting automated decision support to families, 
clinicians, or both.

Methods: 22 primary care practices were cluster-
randomized to receive a 3-part clinician-focused 
intervention (education, electronic health record–
based alerts, and audit and feedback) or none. 
22,486 girls aged 11–17 years due for HPV vaccine 
dose 1, 2, or 3 were randomized within each practice 
to receive family-focused decision support with 
educational phone calls. Randomization established 

included prospective data on three subjects and a 
significant correlation between IgE to alpha-gal and IgE 
to proteins derived from A. americanum (rs = 0.75, P < 
0.001). During food challenges, 8 of 11 subjects with 
IgE to alpha-gal developed urticaria 2–5 hours (mean 
3.7) after eating meat. Seven cases required treatment 
with oral antihistamine, and two subjects received 
epinephrine. Upregulation of CD63 was observed at 
the same time as urticaria, but was seen in two cases 
that did not have a reaction.

Conclusion: The results provide strong evidence 
that tick bites are a cause of IgE specific for alpha-
gal and provide the first example of a response to an 
ectoparasite giving rise to an important form of food 
allergy. Challenge studies confirmed the delayed time 
course reported by patients with IgE to alpha-gal in 
that urticaria and pruritus started 2–5 hours after 
eating meat containing alpha-gal.

Poster: ASCI-7

Annual hospital cost of venous 
thromboembolism in children

E. Vincent S. Faustino1 and Douglas McKee2

1Yale School of Medicine and 2Yale School of Economics, 
New Haven, CT.

Deep venous thrombosis (DVT) and pulmonary 
embolism (PE), collectively known as venous 
thromboembolism (VTE), are major public health 
problems. Because the cost of VTE in children 
is unclear, we aim to estimate the hospital costs 
associated with VTE in children.

Methods: We conducted a retrospective cohort 
study using the 2009 Healthcare Cost and Utilization 
Project Kids’ Inpatient Database, the largest pediatric 
inpatient database in the United States. We included 
discharges from children <21 years old with primary 
and secondary diagnoses of acute VTE. The cost of 
primary VTE was attributed to the total hospital cost, 
while the cost of secondary VTE was estimated from 
the difference in hospital cost between those with 
secondary VTE and those without VTE. We used linear 
regression models to compare and adjust the costs for 
selected patient and hospital characteristics.

Results: Of the 7,363,063 discharges included 
in the analysis, 6,603 had diagnoses of acute VTE, 
divided as follows: primary DVT, 1,188; primary PE, 
1,608; secondary DVT, 2,898; and secondary PE, 909. 
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Background: The pathogenic mechanisms underlying 
pulmonary arterial hypertension (PAH) due to 
schistosomiasis, one of the most common causes 
of pulmonary hypertension (PH) worldwide, remain 
unknown. We hypothesized that TGF-β upregulation 
as a consequence of Th2 inflammation is critical for 
the pathogenesis of this disease.

Methods and Results: Mice sensitized and 
challenged with S. mansoni eggs developed PH 
associated with an increase in right ventricular 
systolic pressure (RVSP), thickening of the pulmonary 
artery media, and right ventricular hypertrophy. Rho 
kinase–dependent vasoconstriction accounted for 
about 60% of the increase in RVSP. The pulmonary 
vascular remodeling and PH were dependent on 
increased TGF-β signaling, as pharmacological 
blockade of the TGF-β ligand and receptor, and 
mice lacking Smad3 were significantly protected 
from Schistosoma-induced PH. Blockade of TGF-β 
signaling also led to a decrease in IL-4 and IL-13 
concentrations, which drive the Th2 responses 
characteristic of schistosomiasis lung pathology. 
Lungs of patients with schistosomiasis-associated 
PAH have evidence of TGF-β signaling in their 
remodeled pulmonary arteries.

Conclusions: Experimental S. mansoni–induced 
pulmonary vascular disease relies on canonical TGF-β 
signaling.

Poster: ASCI-10

Reduction of OPA1 expression in 
cells overexpressing c-Myc induces 
apoptosis

J. LaRosa, E. Cherok, and J.A. Graves

Section of Hematology/Oncology, Children’s Hospital 
of Pittsburgh of the University of Pittsburgh Medical 
Center, Pittsburgh, PA.

c-Myc (Myc) is a global transcription factor that 
regulates the expression of a variety of genes that 
function in essential cellular processes, including 
proliferation, growth, and control of cell death. 
Under certain conditions, the expression of Myc can 
become deregulated; high levels of Myc have been 
implicated as an important factor in the development 
of a wide variety of human cancers. Another process 
in which Myc is involved is mitochondrial biogenesis. 
One manner in which this occurs is due to the 

4 groups: family-focused, clinician-focused, 
combined, and no intervention. We measured 
decision support effectiveness by final vaccination 
rates and time to vaccine receipt, standardized for 
covariates and limited to those having received the 
prior dose for HPV-2 and -3. The 1-year study began 
in May 2010.

Results: Final vaccination rates for HPV-1, -2, 
and -3 were 16%, 65%, and 63% among controls. 
The combined intervention increased vaccination 
rates by 9 (95% CI, 4–13), 8 (CI, 0–14), and 13 (CI, 
8–18) percentage points, respectively. The control 
group achieved 15% vaccination for HPV-1 and 50% 
vaccination for HPV-2 and -3 after 318, 178, and 
215 days. The combined intervention significantly 
accelerated vaccination by 151, 68, and 93 days. The 
clinician-focused intervention was more effective 
than the family-focused intervention for HPV-1, but 
less effective for HPV-2 and -3. 

Conclusions: A clinician-focused intervention was 
most effective for initiating the HPV vaccination 
series, while a family-focused intervention promoted 
completion. Decision support directed at both 
clinicians and families most effectively promotes HPV 
vaccine series receipt. 

Poster: ASCI-9

TGF-β signaling promotes pulmonary 
hypertension caused by Schistosoma 
mansoni

Brian B. Graham1,2, Jacob Chabon1, Liya 
Gebreab1, Elias Debella1, Laura Davis1, 
Takeshi Tanaka1, Linda Sanders1, Nina 
Dropcho1, Angela Bandeira2,3, R. William 
Vandivier1, Hunter C. Champion2,4, 
Ghazwan Butrous2,5, Xiao-Jing Wang6, 
Thomas A. Wynn7, and Rubin M. Tuder1,2

1Program in Translational Lung Research, Division of 
Pulmonary Sciences and Critical Care Medicine, An-
schutz Medical Campus, Aurora, CO; 2Pulmonary Vas-
cular Research Institute; 3Hospital Memorial São José, 
Universidade de Pernambuco in Recife, Recife, Brasil; 
4Division of Cardiology, University of Pittsburgh, Pitts-
burgh, PA; 5School of Pharmacy, University of Kent, Kent, 
UK;6Department of Pathology, Anschutz Medical Campus, 
Aurora, CO; 7Immunopathogenesis Section, Laboratory of 
Parasitic Diseases, NIAID, NIH, Bethesda, MD.
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Methods: Fibroblasts were cultured from the 
lung explants of IPF patients (n = 6) and from 
histologically normal regions of lung in patients 
undergoing resection for lung nodules (n = 4). DNA 
was isolated, bisulfite modified, and assayed for 
methylation on the Illumina HumanMethylation27 
Bead Chip array. Statistically significant differences 
in methylation of CpG loci were identified and 
verified independently by bisulfite pyrosequencing. 
Expression of genes MGMT and CARD10 were 
evaluated by immunoblot.

Results: With a threshold of P < 0.005, 289 genes 
were identified to be differentially methylated in IPF 
fibroblasts compared with nonfibrotic control cells, 
with a nearly equal number of genes hypermethylated 
versus hypomethylated in IPF fibroblasts. Gene set 
enrichment analysis of these genes using ConceptGen 
identified several concepts overrepresented in 
annotation in this gene set. The set of differentially 
methylated genes was independently validated by 
bisulfite sequencing, which showed hypermethylation 
of the CARD10 and hypomethylation of the MGMT 
gene promoters in IPF cells. Expression of MGMT 
and CARD10 transcripts in IPF fibroblasts was 
variable and inversely correlated with their degree of 
methylation.

Conclusion: IPF fibroblasts are characterized 
by the aberrant methylation of multiple genes. 
The altered methylation of certain of these genes, 
such as CARD10 and MGMT, may contribute to 
altered expression of genes that contribute to the 
profibrotic, apoptosis-resistant phenotype of IPF 
cells.

Funding: The American Thoracic Society Coalition 
for Pulmonary Fibrosis and NIH K08 HL094657 01.

ability of Myc to regulate the expression of proteins 
involved in mitochondrial fusion, including the 
inner mitochondrial membrane protein Opa1. Opa1 
displays increased expression upon overexpression 
of Myc. This results in a highly fused mitochondrial 
network in cells with high levels of Myc. In addition 
to being the major mediator of mitochondrial fusion, 
Opa1 has been implicated in regulating release of 
cytochrome c. In an effort to understand whether 
increased mitochondrial fusion is necessary for the 
cellular transformation of Myc-overexpressing cells, 
cells with overexpression of Myc were engineered to 
reduce Opa1 levels. These cells were characterized 
by a series of assays that measured different aspects 
of cellular and mitochondrial structure and function. 
The most significant finding is that cells with reduced 
Opa1 expression and enforced Myc overexpression 
display an activation of apoptosis that appears to 
be mediated by increased cytochrome c release. It is 
believed that this represents a novel pathway that 
may ultimately be exploited for targeting cells that 
have been transformed by elevated Myc expression.

Poster: ASCI-11

Alterations in the DNA methylome of 
fibroblasts in patients with idiopathic 
pulmonary fibrosis

Steven K. Huang, Anne M. Scruggs, Richard 
McEachin, and Marc Peters-Golden

Division of Pulmonary and Critical Care Medicine, 
Department of Internal Medicine, and Department of 
Computational Medicine and Bioinformatics, University 
of Michigan, Ann Arbor, MI.

Rationale: Fibroblasts cultured from the lungs of 
patients with idiopathic pulmonary fibrosis (IPF) have 
been shown in vitro to exhibit phenotypic features 
that contribute to excessive matrix production and 
scarring associated with the disease. The persistence 
of these features over several passages in cell culture 
suggests that epigenetic mechanisms, such as DNA 
methylation, may be responsible for the profibrotic 
phenotype of IPF fibroblasts. Focused studies have 
shown that some genes are hypermethylated in IPF 
cells; here, we sought to explore in an unbiased 
fashion other genes that may be differentially 
methylated in IPF fibroblasts.
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Oncogenic Nras has a bimodal 
effect on hematopoietic stem cells, 
promoting proliferation and self-
renewal     

Qing Li1, Natacha Bohin1, Tiffany Wen1, 
Jeffrey Magee2, Shann-Ching Chen3, Kevin 
Shannon4, and Sean J. Morrison2

1Department of Medicine, University of Michigan, 
Ann Arbor, MI; 2Howard Hughes Medical Institute, 
Department of Pediatrics, and Children’s Research 
Institute, University of Texas Southwestern Medical 
Center, Dallas, TX; 3Department of Pathology, St Jude 
Children’s Research Hospital, Memphis, TN; 4Department 
of Pediatrics, University of California San Francisco, San 
Francisco, CA.

“Pre-leukemic” mutations are thought to promote 
clonal expansion of hematopoietic stem cells (HSCs) 
by increasing self-renewal and competitiveness; 
however, mutations that increase HSC proliferation 
tend to reduce competitiveness and self-renewal 
potential, raising the question of how a mutant 
HSC can sustainably outcompete wild-type HSCs. 
Activating mutations in NRAS are prevalent in human 
myeloproliferative disease and leukemia. Here we 
show that a single allele of oncogenic NrasG12D 
increases HSC proliferation but also increases 
reconstituting and self-renewal potential upon serial 
transplantation in irradiated mice, all without causing 
leukemia. NrasG12D also confers long-term self-
renewal potential upon multipotent progenitors. To 
explore the mechanism by which NrasG12D promotes 
HSC proliferation and self-renewal, we assessed 
cell cycle kinetics using H2B-GFP label retention. 
NrasG12D had a bimodal effect on HSCs, increasing 
proliferation in some HSCs while increasing 
quiescence and competitiveness in other HSCs. 
NrasG12D had these effects by promoting STAT5 
signaling, inducing different transcriptional responses 
in different subsets of HSCs. One signal can therefore 
increase HSC proliferation, competitiveness, and 
self-renewal through a bimodal effect that promotes 
proliferation in some HSCs and quiescence in others.

Poster: ASCI-12

Increased corticolimbic-striatal neural 
responses to food cues and stress in 
obese individuals: association with 
insulin resistance

A.M. Jastreboff, R. Sinha, C. Lacadie, D. 
Small, R. Sherwin, and M.N. Potenza

Yale University, New Haven, CT.

Obesity is associated with alterations in corticolimbic-
striatal brain regions involved in food motivation 
and reward. Stress and the presence of food cues 
may each motivate eating and engage corticolimibic-
striatal neurocircuitry. It is unknown how these factors 
interact to influence brain responses and whether 
these interactions are influenced by obesity, insulin 
levels, and insulin sensitivity. We hypothesized that 
obese individuals would show greater responses in 
corticolimbic-striatal neurocircuitry after exposure 
to brief guided imagery of favorite food and stress 
cues and that brain activations would correlate 
with subjective food craving, insulin levels, and 
homeostatic model assessment of insulin resistance 
(HOMA-IR). Twenty-five obese and 25 lean individuals 
of varying insulin sensitivity, as characterized by 
HOMA-IR, participated in six trials of brief exposure 
to personalized food cue, stress, and neutral-relaxing 
situations using a validated, functional magnetic 
resonance imaging (fMRI) paradigm. Obese, but 
not lean, individuals exhibited increased activation 
in striatal, insular, and hypothalamic regions 
during exposure to favorite food and stress cues. 
Additionally, in obese, but not lean, individuals, 
increased fasting insulin and HOMA-IR each correlated 
with increased activation in the dorsal striatum 
and insula during food cue exposure and increased 
activation in the ventral and dorsal striatum and 
insula in the stress condition. These findings suggest 
that obesity-induced reductions in insulin sensitivity 
promote increased neural responses in corticolimbic 
(insula) and motivation-reward (striatal) brain regions 
to food cues and stress. Such changes in neural 
activation in obese individuals may contribute to 
excessive weight gain due to increased motivation to 
consume desirable foods.
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novel biomarkers that predict oral feeding maturation 
in the newborn. This research lays the foundation for 
the development of a rapid salivary diagnostic panel 
to accurately assess feeding maturity in premature 
newborns.

Poster: ASCI-15

Polycomb repressive complex 2 in 
MLL-AF9 leukemia

Tobias Neff1, Kristen Echanique1, Irina 
Alimova1, Stuart H. Orkin2, and Scott A. 
Armstrong3

1Pediatric Hematology/Oncology/BMT, UC Denver and 
Children’s Hospital Colorado, Aurora, CO;2Pediatric 
Hematology/Oncology, Dana-Farber Cancer Institute 
and Boston Children’s Hospital, Boston, MA; 3Human 
Oncology and Pathogenesis Program/Department of 
Pediatrics, Memorial Sloan Kettering Cancer Center, New 
York, NY.

Polycomb repressive complex 2 (PRC2) is an 
important developmental regulator composed of the 
core units EED and SUZ12 and a methyltransferase, 
either EZH2 or EZH1. The canonical function of 
PRC2 is the di- and tri-methylation of lysine 27 on 
histone 3, which is associated with transcriptional 
silencing. EZH2 is mutationally activated or 
overexpressed in several malignancies, suggesting a 
causal role in cellular transformation. Intriguingly, 
EZH2 is inactivated in select myeloid and lymphoid 
malignancies, suggesting a tumor suppressor role. 
We have characterized the role of PRC2 in a murine 
model of MLL-AF9 leukemia. Inactivation of Eed 
leads to a rapid and complete loss of MLL-AF9 cells 
in vitro and in vivo. Inactivation of Ezh2 is not 
strictly required for MLL-AF9 AML development 
or maintenance, but phenotypically leads to a 
failure to accelerate upon serial transplantation 
and to a decreased number of functional leukemia 
stem cells. This is accompanied by a decrease in 
expression of Myc target genes. Small molecule 
inhibitors of EZH2 have recently been described 
to have promising activity in lymphomas with 
activating EZH2 mutations. Our data suggest that 
pharmacological inhibition of EZH2 is a novel way 
of indirectly influencing MYC transcriptional output. 
More detailed studies of PRC2 signaling in our 
genetically engineered mouse model will allow us to 

Poster: ASCI-14

Bayesian modeling of neonatal gene 
expression data identifies predictive 
salivary biomarkers for oral feeding 
maturity in the premature newborn

Jill L. Maron1, Jooyeon S. Hwang1, Brandon 
Lee2, and Gil Alterovitz2,3

1Mother Infant Research Institute, Division of Newborn 
Medicine, Floating Hospital for Children at Tufts Medical 
Center, Boston, MA; 2Center of Biomedical Informatics, 
Harvard Medical School, Boston, MA; 3Children’s Hospital 
Informatics Program at Harvard-MIT Division of Health 
Science, Boston, MA.

Background: There is currently no objective assay 
that can accurately assess oral feeding skills in the 
premature newborn, resulting in feeding-associated 
morbidities and prolonged hospitalizations, with 
millions of dollars in associated health care costs.

Objective: To identify and prospectively validate 
salivary transcriptomic biomarkers that predict a 
developmentally mature oral feeding pattern in the 
premature newborn.

Methods: A Bayesian network with a n-fold cross-
validation model was applied to comparative salivary 
gene expression microarray data from preterm 
neonates pre– and post–oral feeding success (n= 
12). An area under the ROC of 0.90 for the Bayesian 
network was obtained. Genes within the network 
were evaluated with Ingenuity Pathway Analysis to 
understand their potential biological role in neonatal 
oral feeding. Multiplex qRT-PCR was performed on 
four genes within the network (TSHZ3,OR5AK4P, 
NRP1, POUF4) on prospectively collected salivary 
samples (n = 10) to assess the network’s accuracy for 
predicting feeding status.  

Results: 141 genes were identified in the network. 
Genes were involved in brain, spinal cord, oral 
musculoskeletal, and cranial nerve development. 
Validation studies revealed differential gene 
expression between successful and unsuccessful oral 
feeders. Genes directly related to the outcome of 
mature oral feeding (OR5AK4P) within the network 
were more predictive than genes distantly related 
(POUF4).

Conclusions: Integration of knowledge-based 
information and empirical Bayesian networks based 
on neonatal salivary gene expression data identifies 
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0.05 from baseline) and demonstrated a significant 
reduction in 24-hour urine sodium prior to the onset 
of hypertension. At the same time as the reduction 
in 24-hour urine sodium was observed, these rats 
demonstrated an increase in apical membrane ENaC 
expression, thereby providing a possible mechanism 
for excess sodium reabsorption. In contrast, rats 
with D-LYS (n = 7) or SUB-P (n = 6) pumps during HFD 
never became hypertensive and failed to show the 
classic reduction in urine sodium following HFD. Since 
SUB-P only blocks the constitutive but not ghrelin-
dependent activity of GRs, and HFD-induced ENaC 
upregulation was abolished during GR antagonism, 
these data collectively suggest that HFD increases 
the constitutive activity of intrarenal GRs to increase 
ENaC-dependent sodium reabsorption and induce 
hypertension rats.

Poster: ASCI-17

Interferon-induced transmembrane 
(IFITM) proteins are upregulated 
in human platelets and model 
megakaryocytes during settings of 
influenza: evidence of novel immune 
sensing by platelets

M.T. Rondina1,2, N.D. Tolley2, S. Kalva2, 
C.K. Grissom1,3, S. Men2, E.S. Harris1, A.S. 
Weyrich1,2, and G.A. Zimmerman1

1Department of Internal Medicine and 2Program in 
Molecular Medicine, University of Utah, Salt Lake City, 
UT; 3Intermountain Medical Center, Division of Critical 
Care, Murray, UT.

IFITM proteins restrict influenza viral replication 
and are necessary for host responses to influenza. 
As platelets are versatile immune effector cells 
and mediate key interactions with viruses, we 
hypothesized that platelet IFITM expression would 
be significantly altered in patients with influenza. 
We performed paired-end next-generation RNA 
sequencing (RNA-Seq) in platelets isolated from 
acutely infected patients and matched healthy 
controls, which has not been previously reported. 
Differentially expressed candidate mRNAs were 
identified. We then characterized IFITM mRNA 
and protein in platelets isolated from critically ill 
patients with influenza A/H1N1 (n = 24) and matched 

identify pathways and compounds exerting synergy 
with EZH2 inhibition. For the successful clinical 
development of EZH2 inhibitors, and for the therapy 
of EZH2-mutated hematologic malignancies, a more 
detailed understanding of the complex biology of 
PRC2 will be critically important.

Poster: ASCI-16

Chronic high-fat diet increases ligand-
independent constitutive activity 
of intrarenal ghrelin receptors to 
increase ENaC-mediated sodium 
reabsorption and induce hypertension

B.A. Kemp, N.L. Howell, and S.H. Padia

University of Virginia Health System, Charlottesville, VA.

Excess weight gain contributes up to 65% of the risk of 
primary hypertension in developed countries, and the 
increase in blood pressure (BP) in response to high-
fat diet (HFD) is preceded by significant reductions 
in renal tubular sodium (Na+) excretion. In normal 
rats, direct renal infusion of ghrelin, the most potent 
appetite-stimulating hormone in the body, increases 
distal nephron-dependent Na+reabsorption via 
activation of ghrelin receptors (GRs) in the kidney. The 
present study seeks to determine the role of intrarenal 
GR-mediated Na+ reabsorption in HFD-induced 
hypertension. Dahl salt-sensitive rats (DSS) received 
standard diet (STD, 10% kcal fat, n = 6) or HFD (42% 
kcal fat, n = 20) for 6 weeks. Prior to the initiation of 
the study, all rats underwent uninephrectomy and 
osmotic minipump implantation for chronic renal 
interstitial delivery of 5% dextrose in water (D5W, 
0.25 μl/h x 28 d), selective GR antagonist [D-Lys-3]-
GHRP-6 (D-LYS, Tocris, IC50 = 0.9 µmol/l, 5 mg over 
28 days), or inverse agonist SUB-P (1 mg over 28 d) 
into the remaining kidney. At the end of the study, 
pump patency and security of intrarenal delivery 
were confirmed via direct visualization before kidney 
harvest. Rats with vehicle (D5W) pumps that received 
HFD demonstrated significantly increased renal GR 
expression compared with rats on the STD (2.19 ± 
0.12 vs. 3.40 ± 0.13, P < 0.0001). However, intrarenal 
ghrelin levels were not different between the rats on 
STD vs. HFD (15.7 ± 8.7 vs. 16.3 ± 6.2, P= NS). During 
the course of the study, rats with D5W pumps (n = 
7) became hypertensive after 2 weeks of HFD (P < 
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is no specific treatment for ICH, and the seven-
day mortality has remained over 30%. An intense 
inflammatory response develops in the brain at the 
site of hemorrhage and contributes to neuronal loss, 
edema, and death and disability. Using a mouse 
model, we have recently shown that inflammatory 
monocytes traffic from blood to the perihematomal 
region of brain in high numbers within 12 hours of 
ICH. However, the function of these Ly6Chi monocytes 
in the brain after ICH is unknown. Using bone marrow 
chimeras, immunohistochemistry, flow cytometry, and 
functional outcomes, the present study distinguishes 
between microglia and blood-derived CCR2+Ly6Chi 
monocytes in order to identify the relative impacts 
of these myeloid populations on outcome after ICH. 
We show that inflammatory monocytes outnumber 
all other leukocytes in the perihematomal region at 
day 3, the peak of inflammation, and produce TNF 
in the brain. Further, Ccr2–/– mice lacking circulating 
inflammatory monocytes exhibit only minor motor 
weakness following ICH, as do chimeric mice 
transplanted with Ccr2–/– bone marrow. This suggests 
the peripheral CCR2+Ly6Chi monocytes contribute 
to brain injury and poor functional outcomes after 
ICH in our murine model. In order to determine the 
translational relevance of our findings, we explored 
CCL2 levels in the serum of patients with ICH. 
Elevation in CCL2 at 24 hours was independently 
associated with poor functional outcome at 7 days. 
We conclude that inflammatory monocytes promote 
secondary brain injury following ICH and their 
recruitment may be a novel therapeutic target for this 
devastating type of stroke.

healthy control subjects (n = 31). Plasma levels of 
IFN-γ were measured via Luminex. To examine IFITM 
expression during viral sensing without infection, we 
measured platelet IFITM in healthy subjects following 
vaccination with inactivated influenza virus. In 
separate experiments, CD34+-derived megakaryocytes 
were stimulated with IFN-γ and IFITM mRNA, and 
protein expression was measured.

RNA-Seq performed on platelets from infected 
patients demonstrated that numerous transcripts 
(>1,000) are dramatically altered compared with 
controls. In particular, IFITM-1, -2, and -3 increased 
robustly. In platelets from influenza patients, 
IFITM-3 mRNA and protein levels were significantly 
increased (up to 100-fold). Plasma IFN-γ levels were 
also increased in influenza patients. Mortality was 
higher in influenza patients who failed to upregulate 
platelet IFITM-3 during serial assessments. Influenza 
vaccination in healthy subjects induced platelet 
IFITM protein but not mRNA expression, suggesting 
possible elements of post-transcriptional control. 
In CD34+-derived megakaryocytes, IFN-γ increased 
protein expression of all three IFITM family members 
but only mRNA levels for IFITM-1 and IFITM-3, typical 
of transcripts under both transcriptional (IFITM-1 and 
IFITM-3) and post-transcriptional (IFITM-3) control.

IFITM proteins are markedly upregulated in platelets 
from influenza patients and in response influenza 
vaccination. We postulate that platelet IFITM induction 
may occur in a signal-dependent mechanism mediated 
through megakaryocytes, perhaps during interactions 
with viruses or viral particles in the lung or via 
systemic inflammatory pathways.

Poster: ASCI-18

Inflammatory monocytes exacerbate 
injury following intracerebral 
hemorrhage

M.D. Hammond1, R.A. Taylor1, M.T. 
Mullen3, Y. Ai1, S.E. Kasner3, L. 
McCullough1,2, and L.H. Sansing1,2

1University of Connecticut Health Center, Farmington, 
CT; 2Hartford Hospital, Hartford, CT;3University of 
Pennsylvania, Philadelphia, PA.

Intracerebral hemorrhage (ICH) affects 2 million 
people worldwide each year. Unfortunately, there 
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Safety of nighttime 2-hour suspension 
of basal insulin in pump-treated type 
1 diabetes (T1D) even in the absence 
of low glucose

Jennifer L. Sherr, Miladys Palau Collazo, 
Lori R. Carria, Amy T. Steffen, Kate 
Weyman, Melinda Zgorski, Eileen Tichy, 
Camille Michaud, Eda Cengiz, William V. 
Tamborlane, and Stuart A. Weinzimer

Yale University School of Medicine, New Haven, CT.

The low glucose suspend feature of the Veo sensor-
augmented pump interrupts basal insulin infusion 
for 2 hours if patients fail to respond to low alarms. 
Approval in the United States has been delayed 
given concerns that falsely low sensor glucose levels 
could lead to ketosis due to inappropriate pump 
suspension when actual blood glucose (BG) levels are 
not low. We enrolled 17 T1D subjects (age 24 ± 9 yr, 
duration 14 ± 11 yr, A1c 7.3 ± 0.5) to examine the 
safety of nighttime 2-hour basal suspension over a 
range of starting BG levels. Subjects measured blood 
β-hydroxybutrate (BHB) and BG each night at 9 p.m. 
and fasting the next morning. On control nights, 
usual basal rates were continued; on experimental 
nights, the basal insulin infusion was reprogrammed 
for a 2-hour zero basal rate at random times after 
11:30 p.m. (e.g., 1:30–3:30 a.m. or 2–4 a.m.). BG and 
BHB were similar at 9 p.m. on suspend (144 ± 63 mg/
dl and 0.09 ± 0.07 mmol/l) and non-suspend nights 
(151 ± 65 mg/dl and 0.08 ± 0.06 mmol/l) nights (P = 
0.39 and P = 0.47, respectively). BG increased by ~50 
mg/dl (BG suspend: 191 ± 68 mg/dl vs. non-suspend 
141 ± 75 mg/dl, P < 0.0001), and the frequency 
of fasting hypoglycemia decreased the morning 
following suspend nights (P < 0.0001). Morning BHB 
levels were slightly higher with suspension (P = 
0.053), but the difference was not clinically important 
(suspend 0.13 ± 0.14 mmol/l vs. non-suspend 0.09 
± 0.11 mmol/l). Thus, systems that suspend basal 
insulin for 2 hours are safe and should not lead to 
clinically significant ketonemia even if BG is elevated 
at the time of the suspension.

Poster: ASCI-19

Articular cartilage expresses the IL-
15 receptor alpha-chain and responds 
to IL-15 with increased matrix 
metalloproteinase release

Anjali Nair1, Rahul Marpadga1, Michael 
Huvard2, Madeline Rollins3, Lev 
Rappaport1, Arkady Margulis1, Susan 
Chubinskaya1, and C.R. Scanzello2

1Rush University Medical Center, 2University of Illinois at 
Chicago, and 3Northwestern University, Chicago, IL.

Purpose: IL-15 supports survival and activation 
of lymphocytes and NK cells. Serum levels are 
associated with progression of osteoarthritis (OA), 
suggesting a role in cartilage erosion. Synovial 
fluid (SF) IL-15 levels correlate with levels of matrix 
remodeling enzymes metalloproteinase-1 (MMP-1) 
and MMP-3 in knee OA. Therefore, we investigated the 
effects of IL-15 on MMP production in cartilage.

Methods: Cartilage from organ donors was collected 
within 24 hours of death. Cartilage degeneration 
was graded, and thin sections were stained for the 
specific receptor IL-15Rα using the immunoperoxidase 
technique. To test the effects of IL-15, 4-mm cartilage 
biopsies were prepared from tibias of seven donors. 
2 explants per well were placed in a 24-well plate and 
incubated with media with or without recombinant 
human IL-15 (100 ng/ml). Every 2 days for up to 
10 days, supernatants were collected and replaced 
with fresh media with or without IL-15. Supernatants 
were analyzed for MMP-1, -3, and -9 (MMP 3-Plex 
Immunoassay, MesoScale Discovery).

Results: Staining for IL-15Rα was observed in 
chondrocytes. IL-15 did not significantly increase 
mean MMP release over 10 days compared with 
control (MMP-1 release: 841% ± 675% of control, MMP-
3: 204% ± 127%, P > 0.05, and MMP-9: 112% ± 66%). 
However, when each donor was analyzed individually, 
significant increases were observed in explants 
with extensive cartilage degeneration (1,995% ± 53% 
compared with media alone) but not normal (grade 0) 
cartilage.

Conclusions: IL-15Rα is expressed in cartilage. IL-
15 induced MMP-1 and -3 release from cartilage, but 
release was variable and dependent on the presence 
of cartilage degeneration. This suggests a novel role 
for IL-15 in cartilage catabolism in arthritis.
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TBX1 interacts with JUN, and a 
dominant negative JUN missense 
mutation is associated with congenital 
heart disease

Hua Pan, Tao Zhang, Cary A. Kraft, Indu 
Subbaraj, Julie De Mesmaeker, Brande C. 
Latney, Elizabeth Goldmuntz, Shoumo 
Bhattacharya, and Jason Z. Stoller

Divisions of Neonatology and Cardiology, Children’s 
Hospital of Philadelphia, Philadelphia, PA; Cardiovascu-
lar Medicine, Wellcome Trust Centre for Human Genetics, 
University of Oxford, Oxford, United Kingdom.

Mice missing the proto-oncogene Jun have a thin 
right ventricle, prominent endocardial cushions, and 
a 100% incidence of persistent truncus arteriosus. 
Although Jun is critical for proliferation, cell cycle 
regulation, differentiation, and cell death, all biologic 
functions crucial for embryogenesis, there is little 
known about its role during cardiac development. 
Similar outflow tract defects are commonly seen 
in DiGeorge syndrome (DGS). DGS (also known as 
22q11 deletion syndrome) patients are hemizygous 
for more than 30 genes, including the transcription 
factor TBX1. Accruing evidence points to a causative 
role for TBX1 in the pathogenesis of DGS, although 
exact mechanisms remain unclear. We performed 
a high-throughput mammalian screen to identify 
novel TBX1-interacting proteins. The screen revealed 
multiple transcription factors, including the proto-
oncogene Jun, that mediate a significant increase 
in TBX1-dependent transcriptional activity. Tbx1 
and Jun physically and functionally interact and 
are coexpressed in the embryonic mouse. A screen 
of patients with congenital heart defects similar to 
those seen in Jun mutant mice revealed a patient with 
interrupted aortic arch who harbors a novel dominant 
negative JUN mutation that alters the TBX1 interaction. 
Our results suggest that Jun has reiterated roles in 
different tissues important for heart development. JUN 
physically and functionally interacts with TBX1, and 
this interaction may play a role in the pathogenesis of 
DGS. This is the first direct evidence that JUN plays a 
role in human congenital heart disease.

Funding: NHLBI K08-HL086633, P50-HL062177, 
P50-HL074731, NCRR UL1-RR024134, AHA 
11BGIA7370043, WW Smith H1104.
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Regulating the expression of 
promoter-proximal and distal 
mitochondrial genes

Ornella Zollo and Neal Sondheimer

Section of Biochemical Genetics, The Children’s Hospital 
of Philadelphia and Department of Pediatrics, The 
University of Pennsylvania, Philadelphia, PA.

Introduction: Despite the simplicity of the 
mitochondrial genome, critical features that regulate 
its expression remain unknown. The heavy strand is 
transcribed from two closely spaced promoters that 
have distinct roles. The proximal promoter directs 
the synthesis of rRNAs, and the distal promoter 
produces a primary transcript that is spliced to 
produce twelve of the thirteen mature mitochondrial 
mRNAs. The rDNA-encoding region is separated from 
the protein-coding region by the binding site for the 
transcriptional terminator mTERF1, which must be 
bypassed to allow mRNA synthesis.

Methods: We developed a more realistic system 
for the study of mitochondrial transcription based 
upon circular and supercoiled templates. We used 
this in vitro approach to explore the regulation of 
transcription, with a particular focus on means of 
increasing the expression of mitochondrially encoded 
proteins.

Results: Despite previous suggestions that 
mitochondrial transcription factor A (TFAM) is 
required for transcription, we found that there is a 
more limited and selective role for TFAM in promoter 
choice. Overall, gene expression is more responsive 
to physiological cues such as the availability 
of nucleoside triphosphates and the physical 
conformation of template DNA. We also found that 
the escape from transcriptional termination by 
mTERF1 is dependent upon proteins beyond the 
canonical transcription factors required for initiation, 
providing another point of regulation.

Conclusions: Rebalancing the mitochondrial 
promoters provides a mechanism for the control of 
mitochondrial transcription, with a potential role in 
the treatment of mitochondrial disorders.
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Targeting cell entry as therapy for 
leishmaniasis

Dawn M. Wetzel1, Diane McMahon-Pratt2, 
and Anthony J. Koleske3

1Department of Pediatrics, Division of Pediatric Infectious 
Diseases, Yale University School of Medicine, New Haven, 
CT; 2Department of Epidemiology (Microbial Diseases), 
Yale School of Public Health, New Haven, CT; 3Departments 
of Molecular Biophysics and Biochemistry and Neurobiol-
ogy, Yale University School of Medicine, New Haven, CT.

Leishmania is a single-celled parasite that causes 
cutaneous or visceral disease. Current treatments 
for leishmaniasis have significant side effects, and 
parasites are developing resistance to them, so new 
therapies are needed. The two parasite life cycle 
stages, promastigotes and amastigotes, must infect 
macrophages to survive in human hosts. Promastigote 
receptors include the complement receptor 3 (CR3), 
and amastigote receptors include the Fc receptor 
(FcR). We have shown that efficient phagocytosis and 
Leishmania infection require the Abl family kinases 
Abl and Arg, which link cell surface receptors to 
actin polymerization. Imatinib (Gleevec), a clinically 
available Abl/Arg kinase inhibitor, decreases opsonized 
polystyrene bead phagocytosis and Leishmania 
uptake. FcR-mediated uptake of IgG-coated beads and 
amastigotes is decreased in Arg-deficient macrophages, 
while CR3-mediated uptake of complement-coated 
beads and promastigotes is decreased in Abl-deficient 
macrophages. Differences in Abl and Arg localization 
to phagocytic cups mediate these differential uptake 
requirements. Importantly, either imatinib treatment 
or genetic loss of Abl or Arg reduces infection severity 
in the mouse model of cutaneous leishmaniasis. These 
studies highlight components of uptake pathways 
as potential therapeutic targets for leishmaniasis. 
Currently, we are characterizing how receptor binding 
by Leishmania causes kinase activation and parasite 
uptake. We have found that Src kinases, which can 
activate Arg, are required for efficient amastigote 
uptake, and therefore, combination Abl/Src inhibitors 
may show improvements over imatinib as potential 
leishmaniasis therapies. Future work will focus on 
1) elucidating the mechanistic pathways used by 
Leishmania to infect macrophages and 2) harnessing 
drugs targeting these pathways as novel treatments for 
leishmaniasis. 
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Rab18 binds to hepatitis C virus NS5A 
and promotes interaction between 
sites of viral genome replication and 
particle assembly at lipid droplets

Shadi Salloum1, Hongliang Wang1, Charles 
Ferguson2, Robert G. Parton2, and Andrew 
W. Tai1,3

1Division of Gastroenterology, Department of 
Internal Medicine, University of Michigan, Ann 
Arbor, MI; 2The University of Queensland, Institute 
for Molecular Bioscience and Centre for Microscopy 
and Microanalysis, Brisbane, Queensland, Australia; 
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System, Ann Arbor, MI.

Hepatitis C virus (HCV) is a single-stranded RNA 
virus that replicates on endoplasmic reticulum–
derived membranes. HCV particle assembly is 
dependent on the association of core protein with 
cellular lipid droplets (LDs). However, it remains 
uncertain whether HCV assembly occurs at the 
LD membrane itself or at closely associated ER 
membranes. Furthermore, it is not known how the 
HCV replication complex and progeny genomes 
physically associate with the presumed sites of 
virion assembly at or near LDs. Using an unbiased 
proteomic strategy, we have found that Rab18 
interacts with the HCV nonstructural protein 
NS5A. Rab18 associates with LDs and is believed 
to promote physical interaction between LDs and 
ER membranes. Active (GTP-bound) forms of Rab18 
bind more strongly to NS5A than a constitutively 
GDP-bound mutant. NS5A colocalizes with Rab18-
positive LDs in HCV-infected cells, and modulation 
of Rab18 levels affects NS5A association with 
LDs as well as the assembly of infectious virions. 
Finally, we show that the association of other HCV 
replicase components with LDs is altered by Rab18 
modulation. Our results support a model in which 
specific interactions between viral and cellular 
proteins may promote the physical interaction 
between membranous HCV replication foci and sites 
of virion assembly at lipid droplets.
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in animal studies with either intratracheal or 
systemic administration of agmatine. Finally, using 
P. aeruginosa mutants of agmatine metabolism, we 
were able to show that bacteria are not only able to 
detect host-derived agmatine during infection, but 
capable of metabolizing it to alter the inflammatory 
state in the lung. These findings implicate agmatine 
as an inflammatory molecule capable of co-regulation 
by infecting organisms. As agmatine has biologic 
activities on both inflammatory cells and pathogens, 
its study could reveal a multimodal approach to 
treating chronic infections of the lung.

Funding: This work supported by NIH P30 HL 
101311-01 and NIH K08 HL 105466-01.
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Common metabolic pathways in the 
host and pathogen collide during the 
course of chronic lung infections

Nick Paulson1, Adam Gilbertsen1, Joe 
Dalluge2, Terri Laguna3, and Bryan 
Williams1
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Lung diseases such as bronchiectasis and chronic 
obstructive pulmonary disease are associated with 
chronic airway infections that are nearly impossible 
to eradicate once established. The diseased 
airway hosts a complex milieu of pathogens and 
inflammatory cells and contains a large number 
of complex metabolites and cell remnants, many 
of which have been liberated by activated or 
dying neutrophils. Pseudomonas aeruginosa is a 
prototypical pathogen in chronic airway infections 
and adapts to this environment, in part, by forming 
a biofilm. Understanding the molecular triggers of 
biofilm formation in this environment will help reveal 
targets to treat or prevent these infections.

We previously discovered that the product of 
the arginine decarboxylase pathway, agmatine, 
could be a trigger to biofilm development in P. 
aeruginosa. However, it was unknown whether 
agmatine was present in the lung, or why this 
nontoxic metabolite induced this response. In this 
work, we analyzed the sputum of patients with 
chronic lung infections and discovered agmatine 
was present and correlated with both inflammatory 
cytokine values and treatment for an exacerbation 
of the airway infection. To understand the biology of 
agmatine during lung infections we have evaluated 
the abilities of various lung pathogens to synthesize 
and metabolize agmatine. Most found in chronic lung 
infections, with interesting exceptions, consume 
more agmatine than they create. As agmatine is 
correlated with inflammation, we looked at both 
the cellular and animal responses to agmatine in 
various physiological states. In inflammatory cells, 
we determined agmatine has a proinflammatory 
potential to naive cells but antiinflammatory 
properties on stimulated cells. This was reflected 
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