
predictive of each phenotype (P<0.00001). Pathologic bacteria were
associated with the severity of specific pain symptoms. DISCUSSION/
SIGNIFICANCE OF IMPACT: Our results implicate a microbial role
in genitourinary pain.Wedescribe clinically-useful bacterial biomarkers
for specificpelvicandbladderpainphenotypes.Thisobjective, rapid, and
inexpensive testing to classify bladder and pelvic pain would allowmore
accurate diagnosis and improve treatment. CONFLICTOF INTEREST
DESCRIPTION: Dr. Anger is an expert witness for Boston Scientific.
Dr. Eilber is an investigator and expert witness for Boston Scientific, an
investigator for Aquinox, and a consultant for Boston Scientific and
Allergan. Dr. Ackerman is an expert witness for Cynosure.

4582

NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD)
DEPLETION MUST BE SEVERE TO INDUCE CARDIAC
DYSFUNCTION AND EVENTUAL FAILURE†

Timothy Luongo1, Lin Wang, Karthikeyani Chellappa, Melanie R.
McReynolds, Daniel P. Kelly, Joshua D. Rabinowitz, and Joseph A.
Baur
1University of Pennsylvania

OBJECTIVES/GOALS: Nicotinamide adenine dinucleotide (NAD)
plays essential roles in energymetabolism and cell signaling pathways.
NAD functions as a coenzyme by accepting electrons during glycolysis
and the TCA cycle and subsequently donates them to complex I of the
electron transport chain providing the driving force for ATP produc-
tion. NAD also acts as a co-substrate for several classes of enzymes,
including sirtuin deacetylases. Both NAD and the enzyme that is rate
limiting for synthesis, Nicotinamide phosphoribosyltransferase
(Nampt), are depleted in the failing heart, concurrent with hyperace-
tylation and mitochondrial dysfunction. Moreover, treatment with
NADprecursors reduced cardiac injury in several heart failuremodels.
However, NAD precursors may have systemic effects, and it remains
unprovenwhether depletion ofmyocardialNAD is causative ormerely
correlative for the onset and progression of heart failure. METHODS/
STUDY POPULATION: To test this, we generated a cardiac-specific
tamoxifen-inducible (αMHC-MerCreMer) model for deletion of
Nampt (Nampt cKO) in cardiomyocytes. Adult mice were adminis-
tered tamoxifen for 5 days leading to deletion of Nampt, resulting in
a 72% reduction in myocardial NAD after two-weeks. RESULTS/
ANTICIPATED RESULTS: Echocardiography revealed that Nampt
cKOmicedisplayed a significant reduction in left ventricular (LV) con-
tractility as well as cardiac hypertrophy. Despite the further loss of
NAD, themajority of animals survived to 8 weeks of age before experi-
encing sudden deaths resulting in significant mortality over the next
several weeks. Remarkably, we observed only a slight increase in acety-
lation of mitochondrial proteins, and cardiac mitochondria isolated
from Nampt-null mice even at 8 weeks displayed a normal or higher
oxygen consumption rate. We found that mitochondrial NAD levels
were preferentially maintained and depleted at a slower rate compared
to those in bulk tissue. DISCUSSION/SIGNIFICANCE OF IMPACT:
WhilemilddepletionofcardiacNADhasbeenreported inheart failure,
our data indicate that the heart can adapt to much more severe loss of
NAD prior to the loss of viability.

4478

Not just GLUT1: genome sequencing reveals genetic
heterogeneity in Doose syndrome*
Jeffrey Dennis Calhoun1, Jonathan Gunti, Katie Angione, Elizabeth
Geiger, Krista Eschbach, Garnett Smith, Charuta Joshi, Tamim
Shaikh, Scott Demarest, and Gemma Carvill
1Northwestern University

OBJECTIVES/GOALS: Epilepsy with myoclonic-atonic seizures
(EMAS) is a childhood onset epilepsy disorder characterized by seiz-
ures with sudden loss of posture, or drop seizures. Our objective was
to use short-read genome sequencing in 40 EMAS trios to better
understand variants contributing to the development of EMAS.
METHODS/STUDY POPULATION: Eligibility for the cohort
included a potential diagnosis of EMAS by child neurology faculty
at Children’s Hospital Colorado. Exclusion criteria included lack
of drop seizures upon chart review or structural abnormality on
MRI. Some individuals had prior genetic testing and priority for
genome sequencing was given to individuals without clear genetic
diagnosis based on previous testing. We analyzed single nucleotide
variants (SNVs), small insertions and deletions (INDELs), and larger
structural variants (SVs) from trio genomes and determined those that
were likely contributory based on standardized American College of
Medical Genetics (ACMG) criteria. RESULTS/ANTICIPATED
RESULTS: Our initial analysis focused on variants in coding regions
of known epilepsy-associated genes.We identified pathogenic or likely
pathogenic variants in 6 different individuals involving 6 unique genes.
Of these, 5 are de novo SNVs or INDELs and 1 is a de novo SV. One of
these involve a de novo heterozygous variant in an X-linked gene
(ARHGEF9) in a female individual. We hypothesize the skewed
X-inactivation may result in primarily expression of the pathogenic
variant. We anticipate identifying additional candidate variants in
coding regions of genes previously not associated with EMAS or pedi-
atric epilepsies as well as in noncoding regions of the genome.
DISCUSSION/SIGNIFICANCE OF IMPACT: Despite the genetic
heterogeneity of EMAS, our initial analysis identified de novo patho-
genic or likely pathogenic variants in 15% (6/40) of our cohort. As the
cost continues to decline, short read genome sequencing represents a
promising diagnostic tool for EMAS and other pediatric onset epilepsy
syndromes. CONFLICTOF INTERESTDESCRIPTION: The authors
have no conflicts of interest to disclose. SD has consulted for Upsher-
Smith, Biomarin and Neurogene on an unrelated subject matter. GLC
holds a research collaborative grant with Stoke therapeutics on unre-
lated subject matter.

4418

Optimization and Validation of a Silk Scaffold-Based
Neural Tissue Construct
Ben Jiahe Gu1, Dennis Jgamadze, Guoming (Tony) Man, and
Han-Chiao Isaac Chen
1University of Pennsylvania

OBJECTIVES/GOALS: Our goal is to develop a silk fibroin scaffold-
based neural tissue construct and characterize it in a rat model of
cortical injury. We aim to optimize the construct for transplantation,
test pharmacologic interventions that may enhance its survival, and
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evaluate its integration with the host brain. METHODS/STUDY
POPULATION: To optimize cell density and health, silk fibroin
scaffolds varying in porosity and stiffness were seeded with E18
GFPþ rat cortical neurons and imaged at DIV 5. Different seeding
methods and loads were similarly tested. Constructs, loaded with an
inhibitor of apoptosis (ROCK inhibitor Y-27632) or necroptosis
(necrostatin-1) in a fibrin hydrogel, were transplanted into aspira-
tion lesions created in the primary motor cortex of Sprague-
Dawley rats, and graft survival was compared to negative control
at 2 weeks. Lastly, constructs were transplanted and evaluated via
immunohistochemistry at 1, 2, and 4-month time points for survival,
differentiation, inflammation, and anatomic integration. RESULTS/
ANTICIPATED RESULTS: Scaffolds with smaller pore sizes
retained more cells after seeding. Softer scaffolds, which enhance
hemostasis at transplantation, did not compromise cell health on
live/dead assay. We anticipate that seeding concentrated cell suspen-
sions onto multiple surfaces of the construct will produce the most
evenly seeded and cell-dense constructs. Based on a prior pilot study,
we anticipate that necrostatin-1 will significantly improve intermedi-
ate-term construct survival.We have observed up to 15% cell survival
at 1 month with retained neuronal identity and abundant axonal
projections into the brain despite evidence of persistent inflamma-
tion; we anticipate similar outcomes at later time points.
DISCUSSION/SIGNIFICANCE OF IMPACT: Our construct, due
to its exceptional longevity in vitro, manipulability, and modularity,
is an attractive platform for neural tissue engineering. In the present
work, we optimize and validate this technology for transplantation
with the goal of addressing the morbidity burden of cortical injury.

4303

Optimization of primary septal-hippocampal
co-cultures to study central cholinergic synapse
formation and dysfunction
Sarra Djemil1, Claire R. Ressel, and Daniel T.S. Pak
1Georgetown - Howard Universities

OBJECTIVES/GOALS: Septal cholinergic innervation to the hippo-
campus is critical for normal learning and memory and is severely
degenerated in Alzheimer’s disease. To understand the molecular
events underlying this loss, we optimized a primary septal-hippocam-
pal co-culture system that facilitates study of central cholinergic
synapses. METHODS/STUDY POPULATION: We developed an
optimized in vitro septal-hippocampal co-culture system modified
from previous published protocols. Briefly, hippocampal and septal
tissue were harvested from embryonic day 19 (E19) Sprague-
Dawley rats, digested with 0.1% trypsin, and an equal number of cells
from each region plated onto coverslips coatedwith poly-D-lysine and
laminin at a final density of 300 cells/mm2. We use immunostaining
with validated primary antibodies and a fluorescent binding assay,
together with confocal microscopy, to determine the structure of cho-
linergic synapses that are 1) native, 2) mammalian, 3) CNS derived, 4)
comprised of physiological synaptic partners, and 5) developmentally
mature. RESULTS/ANTICIPATED RESULTS: After DIV21, co-cul-
tures maintained a healthy morphology. A subpopulation of neurons
strongly expressed the cholinergic markers vesicular ACh transporter
(vAChT), choline acetyltransferase (ChAT), and the high-affinity
choline transporter (ChT1), whereas most neurons lacked vAChT
expression and were presumably glutamatergic or GABAergic. The
percentage of cholinergic neurons in the co-culture attained up to
~5-7%, depending on conditions such as embryo age at dissection
or ratio of septal to hippocampal cells. We also report on cholinergic

synapse structure by examining postsynaptic markers (excitatory and
inhibitory) and staining for nicotinic acetylcholine receptor subunits.
DISCUSSION/SIGNIFICANCE OF IMPACT: Primary septal-hippo-
campal co-cultured neurons have not been exploited extensively in the
field, perhaps due to the difficulty in maintaining such cultures for
extended periods. Here, we optimized an in vitro septal-hippocampal
co-culture system, a powerful tool to comprehensively analyze central
cholinergic synapse formation and dysfunction.

4072

Optimizing ex-vivo perfusion in Vascularized Composite
Allotransplantation using Hyperosmolar solution and
Electric Stimulation: Preliminary Results
Michael Jonczyk1, and Philipp Tratnig-Frankl2
1Tufts University; 2Division of Plastic and Reconstructive
Surgery, MGH

OBJECTIVES/GOALS: Vascularized composite allotransplantation
(VCA) restores devastating soft tissue injuries. However, graft viabil-
ity may be compromised during ischemia time, thus preservation
techniques continue to evolve. Here we summarize our preliminary
findings from preservation techniques utilizing hyperosmolar
extracellular solution (HES) and electric stimulation in a 6 hour
ex-vivo perfusion model. METHODS/STUDY POPULATION: A
published, MGH rodent hindlimb ex-vivo perfusion model was uti-
lized for this project. Three baseline control elements were taken to
compare our results including: a baseline muscle biopsy, harvested
hindlimb preserved on ice(4°C) in static cold storage (SCS), and
6 hour perfusion (SNMP) were used to compare results of our four
aims. The four aims are shown in Table 1. HES was composed of
muscle media and the addition of mannitol until 3 concentrations
were made: 300, 500, and 800 mOsm concentrations. In aim 4,
the perfusate composition was changed to test a hyper-oncotic pur-
fusate. After 6 hours a muscle biopsy was taken to analyze energy
cofactors via liquid chromatography-mass spectrometry, referred
to as energy charge. Weight gain (edema), lactate levels, oxygen con-
sumption and energy charge (EC) were used as markers for muscle
tissue viability. RESULTS/ANTICIPATED RESULTS: In Aim 1, the
higher osmolarity of HES indirectly reduced weight gain but conse-
quentially reduced the EC below 5% when compared to SCS control
group. We next incorporate HES into the perfusion model, Aim 2,
and noticed a diminution in weight gain. The 500 mOsm group
had substantial improvement in EC, lactate production and
improved oxygen exchange when compared to a controls: fresh
muscle biopsy and SNMP. In Aim 3, after a 6 hour perfusion with
the addition of electric stimulation, graft edema improved by 10%,
EC improved by 23% and O2 dissociation was highest of all 4 aims.
Consequentially, due to muscular contraction the lactate levels were
highest. In Aim 4, using a hyper-oncotic perfusate, edema reduced
the most during the 6 hour perfusion but revealed lower EC and sim-
ilar lactate/O2 results. However when left on for 24 hours, edema
was significantly higher with lactate build up, EC improved with time
as well as O2 dissociation. DISCUSSION/SIGNIFICANCE OF
IMPACT: Here we have shown our preliminary results comparing
our known ex-vivo perfusion model to multiple hypothesis to
improve VCA graft viability. These preservation techniques demon-
strate promising results but further studies are ongoing to confirm
this encouraging outcome.
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