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Characterization of the host pericyte role in
glioblastoma angiogenesis
Frank Attenello III1, Frank Attenello1, Yingxi Wu2, Kathleen Tsung2,
William Mack2, Thomas Chen2 and Berislav Zlokovic2
1 University of Southern California; 2 Department of Neurosurgery,
Keck School of Medicine of USC

OBJECTIVES/SPECIFIC AIMS: Glioblastoma (GBM) carries a prognosis of
14.6 months mean survival despite maximal surgical, chemotherapeutic, and
radiation therapy. The pericyte is a recently characterized cell shown to be a critical
component of cerebral vessel physiology and pathology. Importantly, alterations in
pericyte densities have shown resulting changes in breast and lung tumor growth.
We leverage transgenic pericyte-deficient mouse models to evaluate resulting
behavior of implanted patient-derived GBM. METHODS/STUDY POPULATION:
Patient-derived, green fluorescent protein labeled, GBM will be implanted in right
frontal bregma of both 6-month old pericyte-deficient (PDGFR+ /−) mice and age-
matched wild-type littermate controls (IACUC 20755, IRB 16-00929), which are
immunosuppressed via daily intraperitoneal cyclosporine injection. In total, 30 mice
of both genders are included in tumor and control cohorts. Fixed cortical sections
following 3-week period will be stained for pericytes (NG2), endothelium (CD31),
hypoxia (piminidazole), and tumor size. One-way ANOVA with will used to
compare groups using SAS software (Cary, NC). RESULTS/ANTICIPATED
RESULTS: Feasibility studies show robust in vitro growth of patient-derived GBM
cells, showing continued growth over 10 cellular division passages. Lentivirally
transduced GFP reveals reliable tumor tracking both in vitro and in vivo. Transgenic
mice at 6 months display reproducibly decreased pericyte and microvascular density
in triplicate. Wild-type mice tolerate tumor injection up to three weeks with visible
tumor growth, peritumoral hypervascularity, and no evidence of mouse neural
dysfunction. With current cohorts recently implanted with tumor, we anticipate a
significant decrease in tumor size with Cohen’s d effect size of 0.5 in GBM implanted
in pericyte-deficient mice when compared to control. Effect sizes are based
moderate to large (effect size 0.5–0.8) reductions of in vitro GBM growth in vascular
gene (TGF-β knockdown studies). In addition, tagged tumor-derived pericytes should
comprise a greater proportion of new vasculature in pericyte-knockdown mice to
overcome host pericyte depletion. Finally, tumors in transgenic mice should show
increased hypoxia from limitations in angiogenesis. DISCUSSION/SIGNIFICANCE
OF IMPACT: Feasibility studies show successful tracking of fluorescently tagged-
patient derived GBM samples in transgenic mice with decreased vasculature. GBM
grafts show no evidence of immunogenic response with cyclosporine protocol.
Successful limitation of tumor size with reduced pericyte density will provide support
to increasing study of blood-brain barrier, stem cell activity and inflammatory activity
of pericyte microenvironments altering GBM behavior. Furthermore, implementa-
tion of known pericyte targeted therapies, such as imantinib, can be evaluated for
GBM patient treatment efficacy. Studies with assembled clinical translational research
scholar mentorship team will allow the principal investigator to develop an
independent career with laboratory focused on contributing to improved patient
outcomes, translating successful pericyte-targeted results to patient trials.
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15N-Leucine transport across the blood brain barrier
is significantly impaired in the glutamine synthetase-
inhibited brain
Shaun E. Gruenbaum, Roni Dhaher, Kevin Behar, Hitten Zaveri,
Mark Erfe and Tore Eid
Yale School of Medicine

OBJECTIVES/SPECIFIC AIMS: Astroglial glutamine synthetase (GS), which
metabolizes glutamate and ammonia to glutamine, is critical for the detoxifica-
tion of brain ammonia, clearance of synaptic glutamate, and production of brain
glutamine. Perturbations in the expression and activity of GS are thought to play
a causative role in the pathogenesis of several conditions of abnormal
neurotransmission. Although the long-term consequences of GS inhibition on
amino acid homeostasis in the brain are unknown, it is thought that amino acid
influx in the brain is tightly coupled with glutamine efflux via the L-type amino
acid transporter. Both glutamine and leucine serve many critical functions in the
brain including protein synthesis, gene expression, insulin regulation, and
immune signaling. The objective of this study was to determine the effects of
chronic GS inhibition with methionine sulfoximine (MSO) on glutamine and
leucine homeostasis in the brain. METHODS/STUDY POPULATION: In total,
12 rats were surgically implanted with microdialysis guide cannulas in the
bilateral dentate gyrus. Rats were randomly divided for surgical implantation of
either a MSO (n= 6) or phosphate buffer saline (PBS; n= 6) pump in the right
dentate gyrus. After 7 days, bilateral microdialysis probes were placed under
brief isoflurane anesthesia, and microdialysis flow was established by infusing
0.5 µL/min of artificial extracellular fluid. Dialysate samples were collected
every 30 minutes for the duration of the experiment. A 113mM 15N-Leucine
(3.6mL/h) and 2M 2–13C-sodium acetate (0.0633 μL/g/min for t= 0–5min,
0.0316 μL/g/min for t= 5–10min, and 0.0253 μL/g/min for t> 10min) solution
was infused intravenously for 300 minutes. The EZ:Faast Free Amino Acid
analysis kit and ultra-performance liquid chromatography/tandem mass
spectrometry was used for quantification of amino acids in the dialysate fluid.
RESULTS/ANTICIPATED RESULTS: At baseline (t= 0 h), the concentrations of
glutamine were significantly lower in MSO-treated rats (p< 0.001) in the
ipsilateral (GS-inhibited) hippocampus. There were no differences in glutamine
concentrations between MSO and PBS-treated rats in the contralateral
hippocampus. In PBS-treated rats, there was a significant increase in 15N-
leucine between t= 0 hour and t= 5 hour in the contralateral (p< 0.05) and
ipsilateral (p< 0.05) hippocampus. In MSO-treated rats, there was a significant
increase in 15N-leucine between t= 0 and t= 5 hours in the contralateral
(p< 0.05) hippocampus, but not in the ipsilateral hippocampus (p= ns.).
DISCUSSION/SIGNIFICANCE OF IMPACT: This study demonstrated for the
first time that basal glutamine concentrations are low in areas of the brain
where GS is acutely inhibited, and that leucine uptake in these brain areas are
markedly decreased. Perturbations in glutamine and leucine homeostasis have
been implicated in several disease processes including diabetes, obesity, liver
disease, immune system dysfunction, epilepsy, and cancer, and the glutamine-
dependent leucine influx in the brain may be a novel and important therapeutic
target to treat these conditions.
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A clinically relevant rabbit surgical model of pelvic
reconstruction to evaluate the immune response to
novel surgical materials
Aimon Iftikhar, Alexis Nolfi, Pamela Moalli and Bryan Brown
University of Pittsburgh

OBJECTIVES/SPECIFIC AIMS: Pelvic organ prolapse, a disorder in which the
muscles of the pelvic floor are weakened over time, affects over a million
women each year in the United States. A quarter of these women undergo a
reconstructive procedure, increasingly using polypropylene mesh as mechanical
reinforcement to the pelvic floor. However, the number of complications such
as chronic pain and mesh erosion/exposure in women with vaginal mesh
implants were reported at rates as high as 10%–20%. This indicates a limited
understanding of the host response to mesh in vaginal tissue and strategies to
reduce these complications. Utilizing a novel surgical technique in New Zealand
white rabbits, we implant mesh analogously to human implantation and evaluate
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changes in the immunologic response at early (14 d) and tissue remodeling
outcomes at late stages (90 and 180 d) of implantation. The mesh-tissue
complex was removed from each rabbit and processed for histological staining
as well as immunolabeling of immune cells, such as macrophages. Extracellular
matrix protease assays and mechanical integrity of the tissue also evaluate the
overall inflammatory response associated with each implant. METHODS/
STUDY POPULATION: Commercially available polypropylene mesh was used
to investigate the modulation of the immune response. An adapted radio
frequency glow discharge method is used to create a stable negative charge on
the surface of the mesh, followed by the sequential deposition of polycationic
and polyanionic polymers to provide a stable, conformal, nanoscale coating. It is
well known macrophages are characterized on a spectrum ranging from a
proinflammatory M1 phenotype to an M2 anti-inflammatory phenotype.
Interleukin-4, an immunomodulatory cytokine known to promote the M2
phenotype, is incorporated into the coating to be released in a controlled
manner upon implantation. Utilizing a novel surgical technique in New Zealand
white rabbits, we implant mesh using the “gold standard” abdominal
sacrocolpopexy procedure and evaluate changes in the immunologic response
at early (14 d) and tissue remodeling outcomes at late stages (90 and 180 d) of
implantation. The procedure begins with an initial hysterectomy removing the
uterus followed by creating space along the vaginal wall on both sides between
the bladder and the rectum. Two 3× 10 cm2 pieces of mesh are secured along
both sides of the vaginal wall. The remaining flaps at the top are then secured to
a ligament in the sacral/lumbar space, creating the support to the pelvic organs.
Upon closing the incision, a partial thickness defect is made in the abdominal
wall, and mesh is implanted inside to repair the abdominal muscle. Both of these
implantations of mesh allow for the assessment of the immune response in the
pelvic area (relevant for prolapse patients) and in the abdominal area (relevant
for translation from hernia repair).The mesh-tissue complex was removed from
each rabbit and processed for histological staining as well as immunolabeling of
immune cells, such as macrophages. Extracellular matrix protease assays and
mechanical integrity of the tissue also evaluate the overall inflammatory
response associated with each implant. RESULTS/ANTICIPATED RESULTS:
The results of this study show that implants into vaginal tissues elicited an
increased host inflammatory response at 14 days as compared with those in the
abdominal wall. However, at chronic time points the inflammatory response in
the vagina was reduced as compared to that in the abdominal cavity. The
present study also demonstrates the scale-up of a previous methodology for a
nanoscale coating. We present a nanometer thickness, tunable, and uniform
coating capable of releasing bioactive interleukin-4. We evaluated the biological
functionality of the coated mesh via bioactivity studies and in vivo implantation.
An ideal mesh would provide mechanical support to the pelvic floor while
decreasing the inflammatory response and increasing integration with the
surrounding native tissue. DISCUSSION/SIGNIFICANCE OF IMPACT: We
developed an in vivo model clinically relevant to understanding the early host
response to mesh in an anatomically relevant area, the vaginal microenviron-
ment. Previous studies have been conducted in a rodent abdominal defect
model while other work has been done in a nonhuman primate vaginal model,
but the host response is only observed at later time points (>3mo). Thus, we
developed a rabbit model to investigate early responses and a novel coating to
actively working towards improved tissue integration.
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A CTSA External Reviewer Exchange Consortium:
Description and lessons learned
Margaret Schneider, Tanya Mathew, Madeline Gibson, Christine
Zeller, Hardeep Ranu, Adam Davidson, Pamela Dillon, Nia Indelicato
and Aileen Dinkjian1
1 RD and Team Building Administrator, Southern California Clinical
and Translational Science Institute, Los Angeles, CA, USA

OBJECTIVES/SPECIFIC AIMS: To share the experience gained and lessons
learned from a cross CTSA collaborative effort to improve the review process
for Pilot Studies awards by exchanging external reviewers. METHODS/STUDY
POPULATION: The CEREC process is managed by a web-based tracking
system that enables all participating members to view at any time the status of
reviewer invitations. This online tracking system is supplemented by monthly
conference calls during which new calls for proposals are announced and best
practices are identified. Each CTSA hub customized the CERECmodel based on
their individual pilot program needs and review process. Some hubs have
supplemented their internal reviews by only posting proposals on CEREC that
lack reviewers with significant expertise within their institutions. Other hubs
have requested 1–3 external reviewers for each of their proposals or a
selection of most promising proposals. In anticipation of potential scoring
discrepancies, several hubs added a self-assessment of reviewer expertise and

confidence at the end of each review. If a proposal is on the cusp of fundability,
then the reviewers’ self-assessment may be taken into account. In addition to the
tracking data collected by the online system, a survey of CEREC reviewers was
conducted using Qualtrics. RESULTS/ANTICIPATED RESULTS: Across the 144
proposals submitted for reviews, CEREC members issued a total of 396 email
invitations to potential reviewers. The number of invitations required to yield a
reviewer ranged from 1 to 17. A total of 224 invitations were accepted, for a
response rate of 56%. An external reviewer was unable to be located for 5
proposals (3%). Ultimately, 196 completed reviews were submitted, for a
completion rate of 87%. The most common reasons for non-completion after
acceptance of an invitation included reviewer illness and discovery of a conflict of
interest. CEREC members found the process extremely useful for locating
qualified reviewers who were not in conflict with the proposal being reviewed and
for identifying reviewers for proposals related to highly specialized topics. The
survey of CEREC reviewers found that they generally found the process easy to
navigate and intellectually rewarding. Most would be willing to review additional
CEREC proposals in the future. External reviewer comments and scores were
generally in agreement with internal reviewer comments and scores. Thus, hubs
could factor in external reviewer scores equally to internal reviewer scores,
without feeling compelled to calibrate external reviewer scores. Overall, through
CEREC external reviewers, mainly due to the stronger matching of scientific
expertise and reduction of potential bias, the quality of reviews appear to be higher
and more pertinent. DISCUSSION/SIGNIFICANCE OF IMPACT: Some aspects
of the process emerged that will be addressed in the future to make the system
more efficient. One issue that arose was the burden on the system during multiple
simultaneous calls for proposals. Future plans call for harmonizing review cycles to
avoid these overlaps. Efficiency also will be improved by optimizing the timing of
reviewer invitations to minimize the probability of obtaining more reviews than
requested. In addition to the original objective of CEREC, the collaboration has led
to additional exchange of information regarding methods and processes related to
running the Pilot Funding programs. For example, one site developed a method
using REDCap to manage their reviewer database; an innovation that is being
sharedwith the other CEREC partners. Another site has a well-developed process
for integrating community reviewers into their review process and is sharing their
training materials with the remaining CEREC partners.
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A novel multi-photon microscopy method for
neuronavigation in deep brain stimulation surgery
Nicholas M. George, Arianna G. Polese, Greg Futia, Baris Ozbay,
Wendy Macklin, Emily Gibson, Aviva Abosch, Diego Restrepo and
Brian E. Moore1
1 Department of Pathology, University of Colorado, Anschutz
Medical Campus

OBJECTIVES/SPECIFICAIMS: The goal for this project is to determine the feasibility
of using a novel multi-photon fiber-coupled microscope to aid surgeons in localizing
STN during surgeries. In order to accomplish this goal, we needed to identify the
source of a strong autofluorescent signal in the STN and determine whether we
could use image classification methods to automatically distinguish STN from
surrounding brain regions. METHODS/STUDY POPULATION: We acquired 3
cadaveric brains from the University of Colorado Anschutz Medical Campus,
Department of Pathology. Two of these brains were non-PD controls whereas 1
was diagnosed with PD. We dissected a 10 square centimeter region of midbrain
surrounding STN, then prepared this tissue for slicing on a vibratome or cryostat.
Samples were immuno-labeled for various cellular markers for identification, or left
unlabeled in order to observe the autofluorescence for image classification.
RESULTS/ANTICIPATED RESULTS: The border of STN is clearly visible based on
the density of a strong autofluorescent signal. The autofluorescent signal is visible
using 2-photon (850–1040nm excitation) and conventional confocal microscopy
(488–647nm excitation). We were also able to visualize blood vessels with second
harmonic generation. The autofluorescent signal is quenched by high concentra-
tions of Sudan-black B (0.5%–5%), and is primarily localized in microtubule-
associated protein-2 (MAP2)+ cells, indicating that it is likely lipofuscin
accumulation in neurons. Smaller lipofuscin particles also accumulate in microglia,
identified based on ionized calcium binding adopter 1 (Iba1)+ labeling. We
anticipate that colocalization analysis will confirm these qualitative observations.
Using 2-photon images of the endogenous autofluorescent signal in these samples,
we trained a logistic regression-based image classifier using features derived from
gray-level co-occurrence matrices. Preliminary testing indicates that our classifier
performed well, with a mean accuracy of 0.89 (standard deviation of 0.11) and a
Cohen’s Kappa value of 0.76 (standard deviation of 0.24). We are currently using
coherent anti-Stokes Raman scattering and third harmonic imaging to identify
different features of myelin that can be used to distinguish between these regions
and expect similar results. DISCUSSION/SIGNIFICANCEOF IMPACT: Traditional
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