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2021 Pathology Retreat Schedule
Wednesday, May 26, 2021
Virtual: Zoom & Gather.Town
*Keynote Speaker:

Bernd Schnabl, MD

Connect by Zoom
https://pitt.zoom.us/j/94324400838
Passcode: retreat

Translating Microbiota Research into Therapies
for Liver Disease

Drs. Duncan & Michalopoulos
Opening Remarks
Session 1: Graduate Student Basic Research (Moderator: Andrea Cruz)
Faculty Presentation:

Corrine Kliment, PhD
Trainee Presentation

Laura Molina, PhD
Trainee Presentation

Mingjun Liu
Trainee Presentation

Anthony Otero

Protagonist or ANT-agonist: The Role of Adenine
Nucleotide Translocase (ANT) in Lung Disease
Compensatory hepatic adaptation accompanies
permanent absence of intrahepatic biliary
network due to YAP1 loss in liver progenitors
H3K4 di-methylation controls smooth muscle cell
epigenetic memory, lineage identity and vascular
homeostasis
Loss of PINK1 Causes Dendritic Simplification and
Spine Loss in vitro and in vivo

Session 2: Post-Graduate Basic Research (Moderator: Rithika Behera)
The many ways a liver repairs: Prometheus
needed them all!
Satdarshan (Paul) Monga, MD
Faculty Presentation

Trainee Presentation

Quintin Le Hingrat, PhD
Trainee Presentation

Guangyi Zhao, PhD

12:00-1:00 pm
1:30 pm
1:35 pm – 1:55 pm
1:55 pm – 2:05 pm

2:05 pm – 2:15 pm
2:15 pm – 2:25 pm

2:30 pm – 2:50 pm

CD4+ T cell depletion in SIV-infected African
Green Monkeys does not alter disease
progression

2:50 pm – 3:00 pm

iNOS regulates intestinal stem cell regeneration
after radiation injury

3:00 pm – 3:10 pm

Gene Regulatory Network Directed Development
and Vascularization of Human iPSC Derived
3:10 pm – 3:20 pm
Jeremy Velazquez
Multilineage Liver Organoids
Session 3: Post-Graduate Clinical Research (Moderator: Marie DeFrances, MD, PhD)
Trainee Presentation

Faculty Presentation

Jonhan Ho, MD
Trainee Presentation

Mitchell Ellison, PhD
Trainee Presentation

Swati Satturwar, MD
Trainee Presentation

Terri Jones, MD

Poster Session

Reimagining dermatopathology education. From
the beginning.

3:30 pm – 3:50 pm

Risk stratification of pediatric heart transplant
patients based on HLA molecular mismatch

3:50 pm – 4:00 pm

Role of Hexokinase-1 and LAMP-1
Immunohistochemistry to Differentiate
Oncocytoma and Chromophobe Renal Cell
Carcinoma from other Renal Neoplasms
Co-Expression of TIM-3, Gal-9, and PD-L1 in
Uterine Carcinosarcomas and the Potential
Therapeutic Implications
Gather.Town: https://gather.town/i/ChijaiHq

4:00 pm – 4:10 pm

4:10 pm – 4:20 pm
5:00 pm - 7:00 pm

*Keynote Speaker Presentation: This activity is approved for AMA PRA Category 1 Credit™.
Sponsored by The Department of Pathology in conjunction with the Cellular and Molecular Pathology Graduate Program and University of Pittsburgh School of Medicine Center for
Continuing Education in the Health Sciences.
The University of Pittsburgh School of Medicine is accredited by the Accreditation Council for Continuing Medical Education to provide continuing medical education for physicians.
The University of Pittsburgh School of Medicine designates this live activity for a maximum of 1.0 AMA PRA Category 1 Credits™. Physicians should claim only the credit commensurate
with the extent of their participation in the activity.
Other health care professionals are awarded 0.1 continuing education units (CEU’s) which are equal to 1.0 contact hours.
Participation by all individuals is encouraged. Advance notification of any special needs will help us provide better service. Please notify us of your needs at least two weeks in advance
of the program by emailing Kate McMahon at kam556@pitt.edu OR Amanda Bytzura at bytzuraam@upmc.edu.
All individuals in a position to control the content of this education activity are required to disclose all relevant financial relationships with any entity producing, marketing, re-selling, or
distributing health care goods or services, used on, or consumed by, patients.
The University of Pittsburgh is an affirmative action, equal opportunity institution.

2021 Pathology Retreat
Poster Session
May 26, 2021
5:00 – 7:00 pm
Gather.Town
https://gather.town/i/ChijaiHq
Presentation Schedule
5:00 – 6:00 pm: Odd numbered posters
6:00 – 7:00 pm: Even numbered posters

Tips for using Gather.Town
1. Open in Google Chrome or Firefox and on your
laptop/desktop computer - mobiles and other
browsers may not work as well.
2. Name yourself with your FIRST & LAST name.
3. When you get in the room, use the arrow keys to start
moving around. You'll see shaded areas around
groups of chairs or posters, these are the group chat
areas. You'll see the camera view of people who are
in your group. If you don't see their faces, you won't
hear them, and they won't hear you (this is really
obvious once you're in the room).

4. When you get in front of a poster and want to look at
the whole poster hit "x”. When the poster is displayed,
there are navigation buttons on the right, but they are
hard to see. You can Zoom in/out. There’s also a
pointer feature for the presenter to use.
5. Chat function is on the far left of the screen.
6. To learn more about poster sessions in Gather.Town,
check out this excellent tutorial video made by a
graduate program in Seattle. Many of the same
features described apply to our Poster
Session. https://www.youtube.com/watch?v=_eAEgZ
6LT3k

Category: Graduate, Basic Research
A1 Anu Balogun, The role of Beta-catenin in regulating
Autophagy during Porphyria
A2 Ernesto Bedoy, Characterizing Stimulation-Evoked
Muscle Recruitment Patterns of the Forearm
A3 Maria Beecher, PAR1 promotes immune evasion in
breast cancer
A4 Rithika Behera, Transcriptional regulation of dermal
myofibroblasts in Systemic Sclerosis
A5 Michael Behrens, Microrobot Applications in Pathology
A6 Tianmeng Chen, A Roadmap from Single-Cell
Transcriptome to Patient Classification for the Immune
Response to Trauma
B1 Grace Conway, Establishing an in vitro System to
Understand the Mechanisms of Ultrasound-Targeted
Microbubble Cavitation-Mediated Blood Brain Barrier
Opening
B2 Andrea Cruz, Role of microglia/macrophage in diffuse
intrinsic pontine glioma growth
B3 Raphael Crum, Immunomodulatory matrix-bound
nanovesicles mitigate acute and chronic pristaneinduced Rheumatoid Arthritis
B4 Michelle Drewry, Enhancing Facial Nerve Regeneration
using Dental Pulp Stem Cells and Scaffold-Free Tissue
Engineering
B5 Shohini Ghosh-Choudhary, Identifying Selective
Senolytic Targets Using CRIPSR Wide Genome
Screening
B6 Martin Haschak, An in vivo model of premature cardiac
fibrosis to better understand the role that fibrotic matrix
deposition plays in altering cardiac resident macrophage
population size and phenotype
C1 Shea Heilman, Uncovering Differentiation-Inhibitory
Mechanisms in the Developing tet2-/-;tet3-/- Zebrafish
Retina
C2 Richard Herron, Identification of a direct role of CPSF6
in promoting TRIM9 proximal polyA site usage
C3 Joshua Hislop, Human peri-gastrulation bilaminar
blastocyst morphogenesis from induced pluripotent stem
cells
C4 Shikai Hu, Endothelial Wnt2 and Wnt9b regulate βcatenin signaling in murine liver zonation and
regeneration
C5 Adam Kleinman, Repeated Doses of Romidepsin
Reactivates SIV and Bolsters SIV-Specific Immune
Responses in a Rhesus Macaque Model of Complete
Viral Control
C6 Karis Kosar, Wnt7b Regulates Cholangiocyte
Proliferation and Function During Murine Cholestasis
D1 Rebecca Kritschil, Rapamycin Ameliorates AgeAssociated Intervertebral Disc Degeneration In Male
Marmosets

D2 Yekaterina Krutsenko, Investigating Efficiency of
Floxed Allele Recombination in Liver Using Tamoxifeninducible Osteopontin-Cre
D3 Ryan LeGraw, Understanding and Engineering
Hematopoiesis using a Genetically Engineered Fetal
Liver Niche
D4 Mingjun Liu, H3K4 di-methylation controls smooth
muscle cell epigenetic memory, lineage identity and
vascular homeostasis
D5 Philip Mannes, Synthesis and Ex Vivo Characterization
of a Lysyl Oxidase Like-2 Targeted Radiotracer for
Molecular Imaging of Matrix Remodeling and Fibrosis
D6 Nicole Martucci, Inhibition of Phosphoinositide 3-kinase
delta (PIK3CD) Decreases Hepatocyte Proliferation in
the Regenerating Liver
E1 Laura Molina, Compensatory hepatic adaptation
accompanies permanent absence of intrahepatic biliary
network due to YAP1 loss in liver progenitors
E2 Meghan Mooring, Cyr61 coordinates liver fibrosis
through monocyte and macrophage recruitment and
polarization
E3 Mark Murdock, A Liquid Fraction of Extracellular Matrix
Inhibits Glioma Cell Viability In Vitro and In Vivo
E4 Anthony Otero, Loss of PINK1 Causes Dendritic
Simplification and Spine Loss in vitro and in vivo
E5 Matthew Poskus, A Predictive Model of Stromal
Fibroblast-Mediated Drug Resistance in HER2+ Breast
Cancer
E6 Justin Sui, Single-Cell RNA Sequencing of a Mouse
COPD Model Identifies Aberrant Macrophage
Responses Critical for Lung Protection due to Adenine
Nucleotide Translocase 1 (ant1) Deficiency
F1 Kyle Sylakowski, Utilization Of Extracellular Matrix
Protein Decorin To Limit Hypertrophic Scarring In-Vivo
F2 William Tennant, Phosphomimetic TDP-43 shows
increased propensity to undergo aberrant liquid-liquid
phase separation
F3 Kien Tran, A Novel Culture System Supported Germ
Cell Development in Non-human Primate Testicular
Tissues
F4 Rick van der Geest, BATF2 mediates pro-inflammatory
cytokine production in alveolar macrophages and
enhances early host defense against pulmonary
Klebsiella pneumoniae infection
F5 Jeremy Velazquez, Gene Regulatory Network Directed
Development and Vascularization of Human iPSC
Derived Multilineage Liver Organoids
F6 Susannah Waxman, 3D reconstruction of collagen and
vasculature in the lamina cribrosa reveals distinct
networks
G1 Daniel Zuppo, foxm1 is required for cardiomyocyte
proliferation after zebrafish cardiac injury

Category: Post-Graduate, Basic Research
G2 Sungjin Ko, NOTCH-YAP1/TEAD-DNMT1 axis drives
hepatocyte reprogramming into intrahepatic
cholangiocarcinoma

H2 Britney Lizama, Mutant Tau causes dendritic
simplification through disruption of mitochondrial calcium
homeostasis

G3 Chhavi Goel, β-catenin Conditional Knockout Protects
from Lithocholic Acid Supplemented Diet in Murine
Model of Cholestatic Liver Injury

H3 Vineet Mahajan, Multicellular Human Liver-on-Chip
Microphysiological Platform to Examine CRISPR-based
Gene Modulation

G4 Kelly Koral, TCPOBOP induced hepatocellular
proliferation is attenuated by Lymphocyte specific
protein-1

H4 Junyan Tao, Knock down HSF1 could inhibit
hepatoblastoma development induced by CTNNB1 and
Yap in mice

G5 Quitterie Larrouture, Effect of aging in the mouse on
Mesenchymal Stem Cell (MSC) maturation in the
skeleton

H5 Junyan Tao, Met-β-catenin induced hepatocellular
cancer requires Ras but not Akt or Stat3 signaling

G6 Quentin Le Hingrat, CD4+ T cell depletion in SIVinfected African Green Monkeys does not alter disease
progression
H1 Brian Leibowitz, Interferon Beta drives Intestinal
Regeneration after Radiation

H6 Sathish Vasamsetti, Impaired Adipogenesis of visceral
adipose tissue is responsible for Heart Failure Induced
Insulin Resistance
I1

Guangyi Zhao, iNOS regulates intestinal stem cell
regeneration after radiation injury

Category: Post-Graduate, Clinical Research
I2

Davsheen Bedi, Clinical Usefulness of 3-Tiered WHO
Classification of Phyllodes Tumor Versus SGH
Nomogram

J2 Bruce Leckey, Differential Expression of Immune
Related Genes in the Components of Dedifferentiated
Chondrosarcoma by RNA Sequencing

I3

Mitchell Ellison, Risk stratification of pediatric heart
transplant patients based on HLA molecular mismatch

I4

Mitchell Ellison, Caveats of Machine Learning
Algorithms for Predicting Disease States in the
Transplanted Kidney

J3 Bruce Leckey, Expanding the Molecular Genetic
Spectrum of Adult Bone and Soft Tissue Fibrosarcomas:
An Institutional Experience

I5

I6

Shaymaa Hegazy, DNA Mismatch Repair Deficient
Non-Neoplastic Endometrial Glands Are Common in
Lynch Syndrome Patients and Are Present at a Higher
Density Compared to the Colon
Terri Jones, Co-Expression of TIM-3, Gal-9, and PD-L1
in Uterine Carcinosarcomas and the Potential
Therapeutic Implications

J1 Terri Jones, Potential Influence of MHC Class I
Expression in Uterine Carcinosarcomas on the Outcome
of PD-L1 Immunotherapy

J4 Aofei Li, Aptima hr-HPV Assay in HSIL: 939 cases
J5 Shikha Malhotra, Retrospective pilot of utility of
SARS−CoV−2 serology in decision making when
molecular testing was delayed
J6 Swati Satturwar, Role of Hexokinase-1 and LAMP-1
Immunohistochemistry to Differentiate Oncocytoma and
Chromophobe Renal Cell Carcinoma from other Renal
Neoplasms
K1 Pooja Srivastava, Triple negative breast cancers with
low Ki-67 labeling index: Clinical pathologic
characteristics and response to neoadjuvant
chemotherapy

Category: Graduate, Basic Research
Author:

Anu Balogun

Poster Number: A1

Contact:
olb25@pitt.edu
Mentor:
Kari Nejak-Bowen
Co-Authors: Kari Nejak-Bowen

The role of Beta-catenin in regulating Autophagy during Porphyria
The porphyrias are a group of metabolic diseases that are genetic in nature. In each specific porphyria the
activity of specific enzymes in the heme biosynthetic pathway is defective and leads to accumulation of
pathway intermediates. Phenotypically, this leads to either neurologic and/or photo-cutaneous symptoms
based on the metabolic intermediate that accumulates, and this can negatively impact the quality of life.
Because there are few effective medical therapies to treat these diseases the porphyrias represent an
unmet clinical need. We have recently demonstrated that mice lacking Wnt/beta-catenin pathway
components or following pharmacologic beta-catenin inhibition exhibited less hepatic injury after 3,5diethoxycarbonyl-1,4-dihydrocollidine (DDC) diet. This is due to suppression of several components of
heme biosynthesis pathway such as ALA-S and ALA-D which in turn decrease production of pathway
intermediates such as protoporphyrin IX. This loss of toxic porphyrins in beta-catenin suppressed mice
results in decreased protein aggregation which affects subsequent downstream events such as autophagy
and contributes to protection from injury. Studies also show that loss of beta-catenin enhances autophagic
flux at baseline which may contribute to clearance of aggregates in the heme pathway. To this effect, we
hypothesize that therapeutic inhibition of beta-catenin in porphyria may be superior to the use of treatments
like hemin or ALA-S inhibitors alone, since decreasing porphyrin intermediates and increasing autophagy
may have synergistic benefits. Because beta-catenin regulates expression of several heme biosynthesis
pathway enzymes in addition to its cell-intrinsic regulation of mTOR signaling, we will utilize mice containing
hepatocyte deletion of glutamine synthase (GS) which disrupts p-mTOR without affecting Wnt/beta-catenin
signaling to evaluate the role of autophagy activation independent of porphyrin accumulation. Future studies
will also focus on exploring porphyrin accumulation and autophagic flux in GS KO mice in comparison to
WT in order to assess if increased autophagy is contributing to protection in beta-catenin inhibited mice.
This study will be the first of its kind to explore the modulation of Wnt/beta-catenin as a therapeutic modality
to improve the phenotype and prognosis of porphyrias.

Category: Graduate, Basic Research
Author:

Ernesto Bedoy, BA

Poster Number: A2

Contact:
ehb18@pitt.edu
Mentor:
Douglas Weber
Co-Authors: Douglas Weber

Characterizing Stimulation-Evoked Muscle Recruitment Patterns of the Forearm
Muscles work in coordination to perform a task. Different tasks require different muscle activation patterns,
which are thought to be encoded in the spinal cord. Stroke-related motor impairment is linked to altered
patterns of muscle recruitment. Despite the injury being in the brain, there is evidence of changes occurring
at the spinal level that may contribute to motor deficits. Because the spinal system is intact after stroke,
there is the possibility of some level of motor recovery by reversing the changes that occur in the spinal
circuit. Therapy for motor control can be optimized by having a better understanding of how the spinal circuit
changes after neurological injury. We developed a non-invasive approach to characterize the spinal circuit
by electrically stimulating the forearm, thereby activating sensory fibers that integrate with motor neurons
that activate forearm muscles. This neural pathway may characterize the muscle recruitment patterns
encoded in the spinal cord. The electrical activity of activated muscles is measured by multiple high-density
electromyography (HD-EMG) electrodes to capture the coordinated pattern of recruitment of multiple
muscles, which can be done during various tasks affected by stroke. In our study, we demonstrated that we
can characterize the muscle recruitment patterns of motor fibers by electrically stimulating the median, ulnar
and radial nerves that supply forearm muscles. Heat maps were generated to visualize the amplitude of
evoked responses across the spatial plane of the HD-EMG and ultrasound was used to confirm which
muscles were associated with peak amplitude responses. Recruitment patterns were the same across 3
neurologically-intact subjects and the maps were stable over time (i.e. weeks and months). By changing the
position of the HD-EMG on the forearm, we confirmed that the recruitment patterns were due to muscle
activity and not artifacts from our instrumentation. Our next step is to characterize muscle activation
patterns that reflect the spinal circuit of neurologically-intact subjects during various tasks and then proceed
to stroke patients.

Category: Graduate, Basic Research
Author:

Maria Beecher, BS

Poster Number: A3

Contact:
mlb207@pitt.edu
Mentor:
Peter Lucas and Linda McAllister-Lucas
Co-Authors: Maria Beecher, Prasanna Ekambaram, Dong Hu, Peter C. Lucas and Linda M.
McAllister-Lucas

PAR1 promotes immune evasion in breast cancer
Breast cancer is the most commonly diagnosed malignancy among American women and the triple
negative breast cancer (TNBC) subtype has the worst prognosis due to its high rate of early recurrence and
metastasis. Thus, there is an urgent need to develop new therapeutic regimens that increase
response/survival for patients with TNBC. Interestingly, several G protein-coupled receptors (GPCRs),
including protease activated receptor 1 (PAR1), are highly expressed in TNBC. Our laboratory has shown
that these GPCRs induce cancer cell proliferation, invasion and migration. These effects are mediated, in
part, by PAR1-dependent NF-kappaB activation. Interestingly, NF-kappaB has been shown to induce
expression of PD-L1, an immunosuppressive ligand for the PD1 checkpoint receptor. Thus, our laboratory
hypothesized that the expression of PAR1 on breast cancer cells may have the additional effect of
promoting immune evasion by altering the interaction of tumor cells with the tumor immune
microenvironment. To test this hypothesis, our team surveyed the gene expression alterations driven by
PAR1 and found that PD-L1 is, indeed, strongly induced by this receptor in TNBC cell models. In addition,
our group found that PAR1 enhances growth of orthotopic breast cancer tumorgrafts in immunocompetent
mice, but not in immunocompromised mice. These findings suggest that PAR1 provides a growth
advantage in vivo that is unmasked in mouse hosts with an intact immune system, supporting the notion
that PAR1 may be driving immunosuppressive signals to support tumor growth. Given these data, my
specific role as a new laboratory member will be to evaluate how PAR1 expression in breast cancer cells
impacts T-cell function during co-culture with peripheral blood mononuclear cells (PBMCs). I will utilize qRTPCR, ELISA and flow cytometry to analyze the PBMCs that are co-cultured with wildtype or PAR1
overexpressing MCF7 cells. My preliminary data indicate that PBMCs cocultured with PAR1+ MCF7 cells (in
comparison with PBMCs co-cultured with control MCF7 cells) downregulate the expression and/or
production of T-cell effector markers, such as interferon-γ, TNF-α, IL-2, granzyme B and perforin. I have
begun optimizing an ELISA in order to measure the production of interferon-γ, TNF-α and IL-2 released
from PBMCs. Additionally, I will use flow cytometry in order to examine CD3, CD8, CD45, IL-2, interferon-γ,
granzyme B and perforin expression in PBMCs cocultured with control or PAR1+ MCF7 cells. Future work
will involve a detailed interrogation of how these gene expression alterations impact the functional, cell-cell
interactions between T-cells and tumor cells, relevant to anti-tumor immunity.

Category: Graduate, Basic Research
Author:

Rithika Behera, BS

Poster Number: A4

Contact:
rib35@pitt.edu
Mentor:
Robert Lafyatis
Co-Authors: Robert Lafyatis

Transcriptional regulation of dermal myofibroblasts in Systemic Sclerosis
Systemic sclerosis is an auto-immune disease characterized by vasculopathy and fibrosis of connective
tissues. The leading cause of death in Systemic Sclerosis (SSc) is fibrotic complication and Interstitial Lung
disease (ILD), however skin fibrosis is a prominent cause for morbidity resulting in painful, itchy and
disfiguring skin and joint contractures. The presence and expansion of myofibroblasts as the main
profibrotic cell underlies the pathogenesis of both SSc skin and ILD. These cells have contractile properties
that produce a large amount of pro-fibrotic extracellular matrix molecules such as collagen type I. Several
murine studies have shown the role of pericytes, resident fibroblasts and endothelial cells as the precursors
of myofibroblasts. Growth factors such as TGFB can drive matrix stiffness and lead to the transition of
fibroblasts to a myofibroblast phenotype. However, the cell sources and molecular signals driving
myofibroblast differentiation in humans remain obscure. Using single cell RNA sequencing (sc-RNA seq)
and immunofluorescence, we found a population of SSc dermal fibroblasts that had an increased
expression of SFRP4+ and alpha-SMA, which we termed as dermal myofibroblasts. To relate these
changes in gene expression to underlying alterations in intracellular signaling, we used SCENIC, a
computational method to analyze transcription factor associated regulatory networks, and found an
upregulation of FOSL2 and FOXP1 in the dermal myofibroblast population. On knocking down these genes
using si-RNA mediated gene silencing, we found a downregulation of genes associated with fibrosis and
disease severity such as COL1A1, THY1, PRSS23. These results suggest that FOSL2, and FOXP1 may
regulate myofibroblast phenotype and insights into their regulation will provide new targets for treatment of
SSc skin fibrosis.

Category: Graduate, Basic Research
Author:

Michael Behrens, BS

Poster Number: A5

Contact:
mrb157@pitt.edu
Mentor:
Dr. Warren Ruder
Co-Authors: Warren C. Ruder

Microrobot Applications in Pathology
One key thrust of biomedical research is developing technology to make therapeutic treatments easier for
the patient, while reducing side effects and potential collateral damage to healthy tissue. Microrobots show
great promise to fulfill this role as minimally invasive therapeutic tools for delivering drugs, cells, and
physical interventions within the fluidic networks of the human body. Microrobots are therapeutic devices
made of active matters, that can autonomously move through fluidic networks to perform tasks like drug
delivery, cell delivery, remote monitoring, biopsy, blood clot removal, and microsurgical procedures. The
form and function of microrobots varies widely, but the most common for medical applications tend to be
controlled by light or by magnetic fields generated external to the body. While many microrobot applications
have been demonstrated in proof of concept experiments, there is addition work to be done to translate
them to clinical use, including the application of more sophisticated control and visualization in the body.
Today, microrobots find applications in research environments for micromanipulation tasks, and could be
used to deliver drugs and perform local manipulations in organ-on-a-chip or other in vitro experimental
systems, both to probe the dynamics of the in vitro system and to validate microrobot therapeutic functions.
As this technology matures, it is likely that autonomous microrobots will find their way into hospitals as a key
tool for improving patient outcomes and reducing negative side effects from systemic and invasive
treatments.

Category: Graduate, Basic Research
Author:

Tianmeng Chen, PhD

Poster Number: A6

Contact:
tic37@pitt.edu
Mentor:
Timothy R. Billiar
Co-Authors: Tianmeng Chen, Matthew J. Delano, Kong Chen, Jason L. Sperry, Rami A. Namas,
Ashley J. Lamparello, Meihong Deng, Julia Conroy, Lyle L. Moldawer, Philip A. Efron,
Patricia Loughran, Christopher Seymour, Derek C. Angus, Yoram Vodovotz, Wei
Chen, Timothy R. Billiar

A Roadmap from Single-Cell Transcriptome to Patient Classification for the Immune
Response to Trauma
Immune dysfunction is an important factor driving mortality and adverse outcomes after trauma but remains
poorly understood, especially at cellular level. To deconvolute the trauma-induced immune response, we
applied single-cell RNA sequencing to circulating and bone marrow mononuclear cells in injured mice and
circulating mononuclear cells in trauma patients. In mice, the greatest changes in gene expression were
seen in monocytes across both compartments. After systemic injury, the gene expression pattern of
monocytes markedly deviated from steady state with corresponding changes in critical transcription factors
(TFs), which can be traced back to myeloid progenitors. These changes were largely recapitulated in the
human single-cell analysis. We generalized the major changes in human CD14+ monocytes into six
signatures, which further defined two trauma patient subtypes (SG1 vs. SG2) identified in the whole blood
leukocyte transcriptome in the initial 12h after injury. Compared with SG2, SG1 patients exhibited delayed
recovery, more severe organ dysfunction and a higher incidence of infection and non-infectious
complications. The two patient subtypes were also recapitulated in burn and sepsis patients, revealing a
shared pattern of immune response across critical illness. Our data will be broadly useful to further explore
the immune response to inflammatory diseases and critical illness.

Category: Graduate, Basic Research
Author:

Grace Conway, BS

Poster Number: B1

Contact:
gec36@pitt.edu
Mentor:
Flordeliza Villanueva
Co-Authors: Anurag N. Paranjape, Xucai Chen, Flordeliza S. Villanueva

Establishing an in vitro System to Understand the Mechanisms of Ultrasound-Targeted
Microbubble Cavitation-Mediated Blood Brain Barrier Opening
Background: Ultrasound-targeted microbubble cavitation (UTMC) is being explored as a method to
transiently open the blood brain barrier (BBB). UTMC has been shown to decrease Aβ plaques in the brain
and ameliorate cognitive dysfunction in murine models of Alzheimer’s Disease, but the underlying
mechanisms of UTMC-mediated BBB opening are incompletely understood. We sought to develop an in
vitro system simulating endothelial barrier function in the brain, to facilitate studies aimed at exploring
mechanisms of UTMC-mediated BBB opening.
Methods: We developed a transwell system with murine brain microvasculature endothelial cells (bEnd.3)
on one side, with or without rat C6 glioma co-culture on the other side, to simulate the BBB in vitro. After
three days, endothelial barrier function was assessed using transendothelial electrical resistance (TEER),
70 kDa FITC-dextran permeability, and immunofluorescence staining for ZO-1, VE-cadherin, and CD31
using confocal microscopy. To evaluate the effect of UTMC on BBB permeability, microbubbles were added
to the contact co-culture system prior to applying ultrasound at peak negative pressures (PNP) of 250-500
kPa at 1 MHz frequency for 10 cycles with 10 ms pulse interval, 10 us pulse length, and 20 s treatment
length. Cell were stained with Hoechst (nucleus), CellMask Deep Red (cell coverage), calcein (viability), and
propidium iodide (PI; sonoporation). After UTMC, cells were determined to be viably sonoporated
(calcein+/PI+) or dead (calcein-/PI+). Differences between monolayer vs. contact co-culture systems with
respect with barrier function, and in cellular parameters after UTMC at varying PNP, were compared using
unpaired t-testing. Significance was defined as p<0.05 (two-tailed).
Results: The contact co-culture system had significantly greater TEER, and after one hour had significantly
lower FITC dextran permeability than the endothelial monolayer system. The contact co-culture system had
significantly greater mean voxel intensity of ZO-1, VE-cadherin, and CD31 than the endothelial monolayer.
The contact co-culture system was then used to determine the ultrasound parameters that increased
endothelial permeability without extensive cell damage. At a MB to endothelial cell ratio of 10:1, as the PNP
increased, there was a significant increase in the percentage of sonoporated cells and decrease in cell
coverage. There was also a trend towards an increase in percentage of cell death as PNP increased.
Conclusions: We established an in vitro model to simulate the BBB. We determined that the contact coculture system, comprising brain microvascular endothelial cells contiguous with astrocytes, created a more
impermeable endothelial barrier than the endothelial monolayer alone. When UTMC was applied to the
contact co-culture system, as the PNP increased, there was an increase in endothelial permeability via
increased sonoporation and decreased cell coverage.

Category: Graduate, Basic Research
Author:

Andrea Cruz, PhD

Poster Number: B2

Contact:
anc232@pitt.edu
Mentor:
Sameer Agnihotri
Co-Authors: Andrea Cruz, Abigail Locke, Ann Stanton, Brian Golbourn, Lauren Sanders, Allison
Cheney, Olena Vaske, Baoli Hu, Ian Pollack, and Sameer Agnihotri

Role of microglia/macrophage in diffuse intrinsic pontine glioma growth
Introduction: Pediatric high-grade gliomas (PHGGs), including diffuse midline gliomas (DMGs), are the most
commonly fatal intrinsic brain tumors of children. Radiation provides only transient relief from cancer
progression and there is an unmet need to develop chemotherapeutics. An interesting feature of all PHGGs
is the infiltration of macrophages, other myeloid cells, and a small population of T-Cells. Within the tumor
microenvironment, microglia/macrophages are stimulated by extracellular signals to secrete pro-tumor
growth factors.
Hypothesis: The direct interaction between microglia/macrophages and glioma cells is important for tumor
cell proliferation.
Methods/Preliminary Results: Our preliminary analysis of single-cell RNA sequencing (scRNA-seq) DIPG
datasets shows overexpression of sialic acid binding Ig like lectin 10 (SIGLEC10) and its receptor, CD24, in
the TMEM119+ microglia/macrophage and DIPG cell populations, respectively. Based on the current
literature and the biology of this interaction, we postulate that CD24 suppresses microglial and macrophage
phagocytosis. To study the effect of microglia/macrophage and DIPG cell interactions mediated by CD24SIGLEC10, we will be using a novel in vitro flow cytometry-based phagocytosis assays and co-culture
assays with primary human microglia, macrophage, and DIPG cell lines and CD24 neutralizing antibodies.
Relevance: No significant progress has been made in the development of new therapies for PHGGs. The
contribution of non-tumor cells in the tumor microenvironment (TME) of PHGGs is understudied and present
as unique targets for new therapies.

Category: Graduate, Basic Research
Author:

Raphael Crum, BS

Poster Number: B3

Contact:
rjc105@pitt.edu
Mentor:
Stephen Badylak
Co-Authors: Raphael Crum BS, Catalina Molina, PhD, George Hussey, PhD, Emma Graham,
Kelsey Hall, BA, Hongshuai Li, MD, PhD, Stephen Badylak, DVM, PhD, MD

Immunomodulatory matrix-bound nanovesicles mitigate acute and chronic pristaneinduced Rheumatoid Arthritis
Rheumatoid Arthritis (RA) is an autoimmune disease characterized by chronic inflammation and progressive
destruction of synovial joints that affects approximately 7.5 million people worldwide. Disease pathology,
while multifactorial in etiology, is substantially driven by an imbalance in the ratio of infiltrating proinflammatory vs. anti-inflammatory cell phenotypes, especially macrophage phenotype. Modulation of
macrophage phenotype, specifically the M1 to M2, pro- to anti-inflammatory transition, can be induced by
biologic scaffold materials composed of extracellular matrix (ECM). This ECM-based immunomodulatory
effect is thought to be mediated in part through recently identified matrix-bound nanovesicles (MBV)
embedded within ECM. In the present study, MBV were delivered via intravenous (i.v.) or peri-articular (p.a.)
injection to rats with pristane-induced arthritis. The results of MBV administration were compared to those
following intra-peritoneal (i.p.) administration of methotrexate (MTX), the clinical standard of care. Relative
to the vehicle treatments of diseased animals, i.p. MTX, i.v. MBV, and p.a. MBV significantly reduced
arthritis scores in both acute and chronic phases of pristane-induced arthritis (p<.05). Post-mortem
examination of joint histology and bone morphology by microCT at day 100 showed that both i.v. MBV and
p.a. MBV reduced synovial inflammation, cartilage erosion, and the ratio of synovial M1:M2 macrophages
compared to vehicle treated, diseased animals (p<.05). The results presented herein show that the efficacy
of both systemic and localized administration of MBV is equal to that of MTX for the management of acute
and chronic pristane-induced arthritis, and further that this effect is associated with immunomodulation of
synovial macrophages.
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Enhancing Facial Nerve Regeneration using Dental Pulp Stem Cells and Scaffold-Free
Tissue Engineering
Current treatments of peripheral nerve injuries (PNIs) result in slow and inefficient regeneration, yielding
poor clinical outcomes. The delivery of neurotrophic factors (NTFs), growth factors naturally produced by
neural crest-derived Schwann cells (SCs), to sites of PNI can enhance regeneration. Furthermore, guidance
cues have been shown to orient axon extension towards the end organ, improving functional recovery.
Dental pulp stem/progenitor cells (DPCs) have been shown to also highly express NTFs, likely due to their
shared developmental origins with SCs. Furthermore, DPCs also have a propensity for differentiating
towards an SC phenotype, further enhancing their NTF production. We have recently shown that DPCs can
form scaffold-free cell sheets that act as NTF delivery vehicles and enhance regeneration when wrapped
around PNIs in rats. The goal of this study is to now test if inducing SC-differentiation by the DPCs further
enhances the bioactivity of our cell sheets and to evaluate if DPCs can form scaffold-free cell sheets with an
aligned extracellular matrix (ECM), which is able to orient axon extension. To accomplish this, we tested the
effect of culturing DPCs in an SC-differentiation media on NTF expression and evaluated the effect of
growing DPCs on micro-grooved substrates on orienting ECM deposition. Immunofluorescent analysis
showed that the resulting DPC sheets produced an aligned, collagenous ECM. Inducing SC differentiation
increased the mRNA and protein expression of SC-markers (S100) and NTFs (brain-derived NTF, glial cellderived NTF, and neurotrophin-3) compared to DPC sheets cultured on flat substrates, and this expression
was further enhanced in the SC-induced cell sheets formed on the micro-grooved topography. This
indicates that the chemical and mechanotransductive cues of our culture system worked synergistically to
enhance the differentiation of DPCs toward a SC phenotype. Furthermore, we found that the DPC sheets
were able to functionally induce and orient neurite extension in co-cultured neuronal cells in vitro. These
aligned DPC sheets can be used to form bioactive nerve conduits capable of enhancing nerve regeneration
by providing both a continuous supply of NTFs, to promote axon regeneration, and guidance cues from an
aligned ECM, to direct axon extension.
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Identifying Selective Senolytic Targets Using CRIPSR Wide Genome Screening
Aging is the largest risk factor for a host of diseases. Although the causality of aging and pathologies is
debated, processes that are implicated in aging contribute to various diseases. One such process,
senescence, is essential for wound healing, development and preventing the transformation of healthy cells
to cancerous cells. However, the accumulation of senescent cells with age reduces regenerative potential
and promotes a pro-inflammatory environment ultimately leading to a host of age-associated pathologies
such as: neurodegenerative diseases, atherosclerosis, osteoarthritis and diabetes. The pro-inflammatory
components of SASP also promotes a pro-tumor microenvironment. Therefore, there is an established
rationale to develop senolytic therapies which can pharmacologically eliminate senescent cells. This
development is however complicated by the variety of senescence mechanisms and the inconsistency of
senescence biomarkers. Furthermore, current senolytic drugs suffer from a lack of potency and a narrow
therapeutic index limiting their clinical utility. We hypothesize that the development of potent and specific
senoltyic therapy will require the deployment of unbiased strategies that can reveal the unique metabolic
and genetic vulnerabilities of senescent cells. Here, we intend to use a cell-based model of telomere stressinduced senescence (TIS) that employs a floxed allele of the telomere binding protein TRF2 along with an
estrogen- responsive Cre-recombinase. These cells undergo rapid and uniform senescence with the
addition of tamoxifen. Here, we have completed a CRISPR Whole Genome Synthetic Lethality Screen to
look for genes and pathways that will induce cell death in senescent cells without affecting healthy cells.
Through bioinformatics analysis, pathways implicated in DNA repair pathways and lysosomal degradation
pathways have shown to be implicated in the selective killing of senescent cells.
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An in vivo model of premature cardiac fibrosis to better understand the role that fibrotic
matrix deposition plays in altering cardiac resident macrophage population size and
phenotype
Aging is associated with a decline in cardiovascular function and an increased risk of cardiovascular
disease. Recent work has identified several cardiac resident macrophage subpopulations within the adult
myocardium with a variety of homeostatic cardiac functions, such as facilitating cardiomyocyte electrical
conduction or regulating the cardiomyocyte hypertrophic response to volume overload. Given the role these
innate immune cells play in facilitating proper cardiac function, we sought to better understand how the
physiological aging process may promote differential regulation of these cell subsets and how this
differential regulation may play a role in cardiovascular disease development. To accomplish this, the study
first profiled the changes which occur in the cardiac resident macrophage compartment with increasing age.
The results of this study demonstrated a significantly altered regulation of the cardiac resident macrophage
compartment with increasing age, which was generally characterized by an increase in CCR2+
macrophages and a general attenuation of alternative macrophage activation as characterized by CD206
expression in resident macrophage subsets. The study then utilized a murine model of premature
ventricular fibrotic matrix remodeling to understand the mechanistic role that fibrotic remodeling plays in
promoting the characterized differences observed in the physiological aging model. Picrosirius red staining
demonstrated significantly greater fibrotic matrix deposition in experimental samples relative to agematched controls. Echocardiographic assessment of cardiac function also demonstrated several significant
differences in premature fibrosis model samples relative to controls, including decreased mean ventricular
chamber volumes, increased cardiac left ventricular myocardial performance index, and significantly
increased isovolumic relaxation times. Flow characterization of the resident macrophage compartment
within experimental model cardiac tissue demonstrated a significant increase in the percent of the number
of F480+CD11b+ cells. Additionally, we observed a robust attenuation of CD206 expression in all subsets
and an increase in inflammation associated CD86 expression in the experimental model samples. qRT-PCR
of RNA isolated from experimental samples also demonstrated an increase in pro-inflammatory and profibrotic gene transcripts relative to controls. Immunolabeling of experimental samples also demonstrated a
significant increase in αSMA expression. These results help elucidate the role that fibrotic matrix remodeling
play in promoting altered regulation of the resident cardiac macrophage compartment, increased proinflammatory and pro-fibrotic gene expression, and increased αSMA expression in cardiac tissue. These
results also provide insight into the relative contributions of myocardial fibrosis as a mechanism underlying
the observed macrophage dynamics and general ‘inflammaging’ observed in aged cardiac tissue.
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Uncovering Differentiation-Inhibitory Mechanisms in the Developing tet2-/-;tet3-/- Zebrafish
Retina
TET-mediated DNA hydroxymethylation (5hmC) is an epigenetic modification that broadly impacts gene
expression, and is known to regulate terminal differentiation in many developmental contexts. Our lab
recently showed that tet2-/-;tet3-/- zebrafish show global 5hmC loss and impaired differentiation of retinal
neurons and glia. While this and other studies demonstrate the need for 5hmC in development,
differentiation-inhibitory mechanisms are still unknown. Here, we perform scRNA-seq on sibling control and
tet2-/-;tet3-/- zebrafish retinas at several timepoints spanning retinal development in order to (1) reveal cell
type-specific, TET-responsive changes in differentiation-associated gene expression events, and (2)
develop a high-resolution map of putative differentiation-inhibitory signals and their cellular sources. Our lab
previously showed ectopic punctate expression of cardiac mesoderm genes in tet2-/-;tet3-/- zebrafish
retinas. Interestingly, germ layer plasticity has been demonstrated in other TET-LOF models, but has not
been documented after organogenesis or in a mosaic pattern within an individual organ. We hypothesize
that cardiac gene-expressing cells in tet2-/-;tet3-/- zebrafish retinas adopt a cardiac mesoderm identity, and
inhibit retinal differentiation in a cell non-autonomous manner. We will use our single-cell dataset to
specifically investigate this cell population’s identity and lineage history, and will use these data to inform
methods for genetic manipulation. These studies will reveal 5hmC-responsive, cell population-specific
targets that are required in retinal development, and will more specifically determine if germ layer plasticity
can act as a differentiation-inhibitory mechanism in 5hmC-null tissues.
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Identification of a direct role of CPSF6 in promoting TRIM9 proximal polyA site usage
Alternative polyadenylation (APA), an RNA processing mechanism that results in mRNA with distinct 3’
termini, is a rapidly expanding area of research that in recent studies has been linked to the mechanistic
target of rapamycin (mTOR) signaling pathway, a key regulatory pathway in physiology and metabolism.
Despite the recent implications of APA in mTOR signaling, the mechanistic link between mTOR signaling
and APA remains poorly understood. We previously leveraged our cTag-PAPERCLIP technique to generate
a dataset of in vivo APA shifts following neuronal mTOR induction and identified TRIM9, an E3 ubiquitin
ligase with multiple mRNA isoforms, as a gene of interest. In this study, we further characterized the
regulation of the mTOR-induced TRIM9 APA shift observed in mouse neurons in vivo. Further study of the
regulation of TRIM9 APA by the core protein complexes of the cleavage and polyadenylation (CP)
machinery revealed CSPF6, a component of the CFIm complex, as essential for physiological regulation of
TRIM9 isoforms, with loss of CPSF6 leading to an enrichment of the distal TRIM9 isoform. Additional study
into the 3’UTR sequence elements of TRIM9 isoforms revealed multiple UGUA sequence motifs, the
binding sequence element of the CFIm complex, upstream of the TRIM9 proximal polyA (pA) site. In order
to identify the key sequence elements essential for CPSF6-mediated regulation of the proximal TRIM9 pA
site, we developed a qRT-PCR pA site competition assay to quantify sequence-mediated usage of pA sites.
Utilizing this assay, we assessed usage of the TRIM9 proximal pA site in both the absence and the
presence of CPSF6. Additionally, we generated constructs containing mutated UGUA sequences in order to
ascertain the importance of the UGUA motif to TRIM9 proximal pA site usage. We found that loss of CPSF6
leads to reduced usage of the TRIM9 proximal pA site, demonstrating the direct role of CPSF6 in mediating
TRIM9 proximal site usage. Furthermore, mutation of certain UGUA motifs lead to a reduction in pA site
usage, highlighting the role of the UGUA motif in TRIM9 pA site usage. Further study of both the
mechanism of TRIM9 regulation by CPSF6 and the regulation of CPSF6 by mTOR signaling is ongoing.
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Human peri-gastrulation bilaminar blastocyst morphogenesis from induced pluripotent
stem cells
Gene regulatory networks direct spatial positioning and fate acquisition in cells of the developing embryo.
The expression of GATA6 in the early blastocyst marks the first fate commitment within the embryonic inner
cell mass, indicating the segregation of the extraembryonic primitive endoderm from the embryonic epiblast.
Here we describe a system that employs human induced pluripotent stem cells engineered with an inducible
GATA6 gene circuit to demonstrate that GATA6 alone is sufficient to drive genetic and spatial symmetry
breaking into tissues with single-cell transcriptional profiles similar to post-implantation embryonic and
extraembryonic lineages. We describe the self-organization of these populations into epiblast-like wild-type
compartments surrounded by a GATA6+ endoderm-like cellular assemblies. We further characterize the
GATA6+ tissue as containing extraembryonic endoderm, definitive endoderm, and primitive streak-like
compartments with distinct GATA6 expression profiles. Quantitative analysis of the spatial organization of
these compartments demonstrates a robust radial patterning program controlled by relative GATA6
expression level. The GATA6+ compartment further drives morphogenesis and fate segregation within the
wild-type compartment, leading to the generation of a lumen and spatial segregation of an amnion-like fate
from pluripotent epiblast-like cells. This approach provides a simple platform for studying peri-implantation
embryonic fate decisions and for the exploration of synthetic developmental engineering using a small
number of genetically encoded core control factors.

Category: Graduate, Basic Research
Author:

Shikai Hu, BS

Poster Number: C4

Contact:
SHIKAI@pitt.edu
Mentor:
Paul Monga
Co-Authors: Minakshi Poddar, Sucha Singh, Aaron Bell, Satdarshan P. Monga

Endothelial Wnt2 and Wnt9b regulate β-catenin signaling in murine liver zonation and
regeneration
Hepatic endothelial cells (ECs) are the main source of Wnts regulating liver zonation (LZ) and liver
regeneration (LR) after 70% partial hepatectomy (PH). Among nineteen Wnts, Wnt2 and Wnt9b were
identified to be the major Wnts overexpressed by ECs at both baseline and during LR. However, conclusive
proof of the roles of Wnt2 and Wnt9b in LZ and LR remains elusive. Here, we address the contribution of
Wnt2 and Wnt9b from ECs by characterizing EC-Wnt2+Wnt9b-dKO mice generated by interbreeding Wnt2floxed, Wnt9b-floxed and lymphatic vessel endothelial hyaluronan receptor (Lyve1)-Cre mice. ECWnt2+Wnt9b-dKO mice lack pericentral expression of glutamine synthetase and have decreased level of
cytochrome P450 2e1, and cytochrome P450 1a2. After PH, there is an occurrence of multiple necrotic foci,
detrimental delay of LR, and dramatic increase of mortality in EC-Wnt2+Wnt9b-dKO mice. In conclusion,
ECs secreted Wnt2 and Wnt9b are essential for β-catenin activation to maintain pericentral LZ at baseline,
and to promote LR after PH. Our data support the use of drugs to activate Wnt pathway to promote LR.
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Repeated Doses of Romidepsin Reactivates SIV and Bolsters SIV-Specific Immune
Responses in a Rhesus Macaque Model of Complete Viral Control
Background: HIV persistence in latent reservoirs requires lifelong antiretroviral treatment (ART) for control,
necessitating a cure. The “shock and kill” approach utilizes latency reversing agents (LRAs) to reactivate
and subsequently clear virus through viral cytolytic effects and cell-mediated immune response. Histone
deacetylase inhibitors are a well-studied class of LRAs, the most potent being romidepsin (RMD), which has
been shown to reactivate HIV/SIV reservoirs. Here, we investigated repeated and “double doses” of RMD in
our spontaneous control model of SIV infection in rhesus macaques (RMs).
Methods: Five SIVsab-infected RMs were monitored until viral loads (VLs) were suppressed (< 30 vRNA
copies/mL) for minimum 2 months. RMs then received three rounds of RMD (7mg/m2; 4-hour slowperfusion) every two months. Three RMs received two additional rounds of “double dose” RMD
administration (two doses, 48 hours apart) with two months between rounds. The remaining two animals
were treated with CD8-depleting antibody, M-T807R1, after the first three RMD administrations.
Results: We found that in the infected macaques, the median RMD half-life was 15 hours in blood, while in
lymph nodes and gut RMD persisted for up-to 9 days post-treatment. RMD induced robust CD4+ T-cell
activation. In the absence of ART, SIV reactivated up to 104 vRNA copies/mL. In three RMs, virus
reactivation occurred after each round of RMD administration. Interestingly, in two RMs virus reactivation
depreciated with each subsequent dose, concluding with no reactivation after the third. CD8 depletion
resulted in loss of viral control in one animal that replicated the virus up-to 106 vRNA copies/mL. In the
remaining RM, plasma vRNA remained undetectable. The switch to double dosage resulted in increased
and more persistent immune activation and viral reactivation.
Conclusions: Our results show that the novel approach of giving double doses of RMD was readily tolerated
by the animals and resulted in robust immune activation and viral reactivation. In a model of controlled SIV
infection, RMD effectively and potently reactivated the latent reservoir. Importantly, the sequential decrease
in viral reactivation with repeated RMD administration and complete lack of viral reactivation after CD8
depletion in one RM indicates that RMD may be decreasing the viral reservoir in this model.
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Wnt7b Regulates Cholangiocyte Proliferation and Function During Murine Cholestasis
Previously we identified an upregulation of specific Wnt proteins in the cholangiocyte compartment during
cholestatic liver injury and found that mice lacking Wnt secretion from hepatocytes and cholangiocytes
showed fewer proliferating cholangiocytes and high mortality in response to 3,5-diethoxycarbonyl-1,4dihydrocollidine (DDC) diet, a murine model of PSC. In vitro studies demonstrated that Wnt7b, one of the
Wnts upregulated during cholestasis, induces proliferation of cholangiocytes in an autocrine manner and
increases secretion of pro-inflammatory cytokines. Therefore, we hypothesized that loss of Wnt7b may
exacerbate some of the complications of cholangiopathies by decreasing the ability of bile ducts to induce
repair. Wnt7b-flox mice were bred with Krt19-cre mice to deplete Wnt7b expression in only cholangiocytes
(CC), or with Alb-cre mice to delete Wnt7b expression in both hepatocytes and cholangiocytes (HC + CC).
These mice were placed on DDC diet for one month then sacrificed for evaluation. Contrary to our
expectations, we found that mice lacking Wnt7b from CC and HC + CC compartments had improved biliary
injury but equivalent hepatic injury compared to controls. CC KO had sustained expression of biliary
markers such as EpCAM, Sox9, and CK-19 and decreased fibrosis compared to control and HC + CC KO
mice despite decreased cholangiocyte proliferation. CC and HC + CC KO mice on DDC diet also had more
hepatocytes expressing cholangiocyte markers compared to WT mice on DDC diet, indicating that Wnt7b
suppression promotes hepatocyte reprogramming. Conclusion: Wnt7b induces a pro-proliferative, proinflammatory program in cholangiocytes, and its loss is compensated for by conversion of hepatocytes to a
biliary phenotype during cholestatic injury.
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Rapamycin Ameliorates Age-Associated Intervertebral Disc Degeneration In Male
Marmosets
INTRODUCTION: Age-associated intervertebral disc degeneration (IDD) is a major contributor to low back
pain and physical disability in the US. Rapamycin has been shown in several animal models, including
mammalian, to increase lifespan and decrease aging and age-associated pathologies, including cancer,
cardiac and neurodegenerative diseases. Rapamycin is an FDA approved drug that inhibits mammalian
target of rapamycin (mTOR) complex 1, which is a master regulator of cell growth and proliferation signals.
It has not yet been determined if rapamycin treatment influences age-associated IDD. Hence, the goal of
this study was to determine the effect of a one-year oral rapamycin treatment on IDD progression in old
marmosets.
METHODS: Old male marmosets were given rapamycin using a delivery system that microencapsulates
rapamycin in a eudagrit coating and is mixed into yogurt for feeding via a syringe. As control, old animals
were given empty eudagrit capsules delivered the same way. Spine specimens were collected from young,
old + vehicle, and old + rapamycin marmosets. Treatment was given for one year prior to sacrifice.
Cellularity and histological structure were assessed using H&E staining. Disc proteoglycan (PG) content
was assessed by aggrecan immunohistochemistry (IHC) and DMMB assay was used to quantify sulfated
GAG. Disc matrix catabolism was measured using aggrecan fragmentation WB. Autophagy was measured
via WB for LC3-II, p62, Atg7, beclin-1, and Atg12-Atg5 expression. Student’s t-test was used for
significance, n=3-4.
RESULTS: Rapamycin treatment significantly decreased histological scoring for IDD characteristics
compared to control old marmosets. Rapamycin treatment significantly increased older marmosets GAG
levels and increased aggrecan IHC staining compared to control. This indicates increased extracellular
matrix anabolism. Similarly, rapamycin treatment decreased ADAMTS-mediated and MMP-mediated
aggrecan fragmentation- this indicates decreased extracellular matrix catabolism. Rapamycin treatment did
not significantly affect the autophagy markers LC3-II, Atg7, beclin-1, or Atg12-Atg5, but it did significantly
decrease p62 expression.
DISCUSSION: One-year daily rapamycin treatment delayed IDD progression in older marmosets, evident
by the significant restoration of matrix proteoglycan and significant improvement of histological score in the
disc of aged marmosets. Beneficial effects of rapamycin in aged marmosets could be due, in part, by
induced intervertebral disc autophagy through inhibited mTOR signaling. This warrants further investigation
as our findings were not completely conclusive on the mechanism of action for rapamycin in the
intervertebral disc tissue. This is the first study to use a nonhuman primate model to study the in vivo effects
of rapamycin treatment on age-associated IDD.
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Investigating Efficiency of Floxed Allele Recombination in Liver Using Tamoxifen-inducible
Osteopontin-Cre
Cre/LoxP system has become an invaluable tool for mouse genetics. Yet, despite the overall potency of the
system, each individual Cre-recombinase driver has to be verified for the specificity and efficiency of the
recombination prior to use. Here we examined both parameters for the cholangiocyte-specific Osteopontindriven inducible Cre-ERT2, in order to better understand its applicability for either lineage-tracing studies,
cholangiocyte-specific gene knockout experiments, or both.
Methods: Cre-recombination was induced by intraperitoneal administration of varying doses of Tamoxifen
into both female and male Opn-iCreERT2 mice bearing Rosa26R-tdTomato(loxP-STOP-loxP) reporter
allele. Tamoxifen, prepared in corn oil to the final concentration of 100mg per kg of body weight upon
administration, was injected either once, twice or three times every other day starting day 21 of age. Mice
were sacrificed after washout period, which comprised at least three weeks after last tamoxifen injection.
Efficiency and specificity of cholangiocyte labelling were examined by means of both immunohistological
staining for the reporter protein, as well as immunofluorescent examination of the co-expression of either
cholangiocyte specific (Keratin 19) or hepatocyte specific (HNF4alpha) markers and the reporter gene in the
murine livers.
Results: We observed that labelling efficiency of cholangiocytes was approaching 90% upon two Tamoxifen
injections (100mg/kg), and exceeded 95% if tamoxifen was administered three times, regardless of the sex
of an animal. Cre-recombination was not induced in the control Opn-iCreERT2:Rosa26R-tdTomato animals
treated with corn oil. Whereas confocal examination of the IF-labelled livers did not allow as to observe any
co-expression of the reporter gene (tdTomato) and hepatocyte marker HNF4alpha, immunohistochemical
staining revealed some leakiness of the system. Namely, subsequent examination of the larger liver areas
using light microscopy showed tdTomato expression in the cells with hepatocyte morphology. Both male
and female OPN-iCre mice exhibited some degree of leakiness and the overall number with tdTomatopositive hepatocytes positively correlated with the dosage of tamoxifen administered to the animals.
Conclusions: Overall, this examination of the Osteopontin-driven inducible Cre-recombination shows that
the system is highly applicable for the cholangiocyte-specific gene knockout, with only minimal resulting
mosaicism in liver tissue. On the contrary, usage of the system should be limited for the lineage-tracing
experiments, since ectopic Cre expression in hepatocytes obscures the results of such studies.
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Understanding and Engineering Hematopoiesis using a Genetically Engineered Fetal Liver
Niche
Human fetal liver morphogenesis is poorly understood and difficult to study. The fetal liver is of particular
interest for its role in the early hematopoiesis, as it is a site of rapid expansion of hematopoietic stem cells
(HSCs), which during adulthood reside in the bone marrow and remain largely quiescent. HSC
transplantation remains the gold standard for treatment of numerous blood diseases, and a method for longterm culture and expansion of HSCs has yet to be achieved. Synthetic biology aims to understand complex
biological systems and their applications through their re-construction and engineering. Here we employ a
“build to understand” approach to gain novel insights in the development of human fetal liver hematopoietic
niche while using it for HSC expansion. We took advantage of our previously developed protocol that
employs transient 5-day expression of GATA6 in a single population of human induced pluripotent stem
cells (hiPSCs) to initiate self-organization and codifferentiation of multiple germ layers similar to the human
fetal liver over a course of 14 days. Using this synthetic liver niche as a platform for the ex vivo expansion of
HSCs through coculture with cord blood derived CD34+ cells, we observe rapid proliferation of these cells
from day 6 to day 8 post-seeding. Flow cytometry reveals that these cells have a larger CD34+CD38population (enriched for HSCs) compared to traditional culture methods and this effect is augmented
through inhibition of TGFβ. Lentiviral delivery of cytokine transgenes allows for HSC expansion without
addition of any exogenous growth factors. We plan to further customize this synthetic niche using CRISPRbased tools for epigenetic modification to optimize HSC expansion and generate customized niches for the
expansion of other hematopoietic cells of interest, such as T cells.
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H3K4 di-methylation controls smooth muscle cell epigenetic memory, lineage identity and
vascular homeostasis
Epigenetic programming is recognized as a major driver of lineage specification and cell differentiation
during development. However, the understanding of epigenetic mechanisms controlling the lineage identity
of cell types displaying phenotypic plasticity in adult organisms have been limited. Vascular smooth muscle
cells (SMC), a specialized contractile cell type within vascular wall, retains the ability to modulate its
phenotype transiently and reversibly for maintenance of vascular homeostasis (e.g. extracellular matrix
deposition, adaptive vascular remodeling, vascular tone regulation). Importantly, disrupted SMC phenotypic
modulation could lead to irreversible loss of SMC phenotype, which contributes to etiology of major
cardiovascular events, including atherosclerosis and peripheral artery diseases. Yet, mechanisms allowing
SMC to retain its lineage identity and to dynamically return to its contractile state remain unknown. H3K4 dimethylation (H3K4me2) is enriched on SMC-specific gene repertoire and stably retained during phenotypic
modulation when these genes are temporarily turned off. Here we hypothesize that stable SMC-specific
chromatin signature H3K4me2 (SMC-H3K4me2) plays functional roles in maintaining lineage identity of
mature SMC. To minimally affect H3K4me2 landscape at genomic level, we performed SMC-gene
repertoire specific epigenome editing to erase SMC-H3K4me2 in vitro and in vivo. We found loss of SMCH3K4me2 abolished SMC contractility, exacerbated SMC phenotypic plasticity and disrupted SMC adaptive
response during vascular remodeling. Mechanistically, rather than presenting intrinsic gene activation
properties, H3K4me2 serves as a stable hub for the dynamic recruitment of the DNA methylcytosine
dioxygenase Ten-Eleven Translocation 2 (TET2). The H3K4me2/TET2 complex controls the transcriptional
activity of the SMC-specific gene repertoire, including contractile genes and miR-145, a key microRNA
promoting SMC differentiation and responsiveness to adaptive vascular remodeling. Our study identified
SMC-H3K4me2 signature as a central epigenetic mechanism controlling retention of lineage identity and
cellular functions of SMC during adaptive processes requiring transient dedifferentiation and phenotypic
modulation. Our finding implies epigenetic memory mechanism may have broad implications in the control
of multiple plastic cell type behaviors and functions in various pathophysiological processes.
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Synthesis and Ex Vivo Characterization of a Lysyl Oxidase Like-2 Targeted Radiotracer for
Molecular Imaging of Matrix Remodeling and Fibrosis
BACKGROUND: Lysyl oxidase (LOX) and LOX-like 2 (LOXL) are enzymes that catalyze collagen and
elastase crosslinking, a key step in extracellular matrix (ECM) remodeling. Aberrant activation and
regulation of ECM remodeling has been implicated in the pathogenesis of many inflammatory and fibrotic
diseases, and various promising LOXL2 targeting therapies are undergoing preclinical and clinical trials. We
propose developing a precision medicine approach for non-invasively imaging ongoing fibrosis and ECM
remodeling, by imaging LOXL2 as a molecular marker and therapeutically intervenable target.
METHODS: A LOXL2 radiotracer was designed from a known LOXL2 partially irreversible inhibitor. The
radiotracer was radiolabeled with 18F and purified by HPLC. The binding characteristics were determined
using autoradiography of human carotid endarterectomy specimens.
RESULTS: We successfully synthesized the target radiotracer by copper catalyzed radiofluorination of a
boronic ester precursor with high molar activity. Ex vivo autoradiography of our radiotracer with human
endarterectomy sections demonstrated high uptake in the necrotic core with moderate uptake in the fibrous
cap, with little uptake in other regions.
DISCUSSION: Our LOXL2 radiotracer shows promise as a new agent for the detection of ongoing ECM
remodeling. We are currently screening our radiotracer, via autoradiography, in additional human diseases
with excessive or pathogenic fibrosis prior to initiating in vivo imaging studies.
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Inhibition of Phosphoinositide 3-kinase delta (PIK3CD) Decreases Hepatocyte Proliferation
in the Regenerating Liver
Intro: The extracellular matrix (ECM) is important for survival, differentiation, and normal functioning of cells
within the liver; integrins are key signaling receptors in this process. Previous data from our lab has shown
that with hepatocyte specific knockout of integrin linked kinase (hILK KO), there is hepatocyte proliferation,
increased matrix deposition, and unorganized biliary cell/ductal proliferation; this led us to investigate the
signaling pathways downstream of hILK KO that might be responsible for the observed phenotype. Through
this, we uncovered a possible central role of Phosphoinositide 3-kinase (PI3K) delta (PIK3CD), a protein
thought to be immune specific and absent in hepatocytes.
Methods: Data array analyses were performed on livers from 7- and 14-week old chronic hILK KO and WT
mice. Partial Hepatectomies (PHx) were performed on C57/bl mice and animals injected via IP with the
PIK3CD inhibitor Cal-101 at 10mg/kg 2 days prior to PHx, and every day following until harvesting. Days 2,
4 and 7 post-surgery were examined through immunohistological and western blot analyses. Cell culture
was performed using primary hepatocytes isolated from hILK WT mice. Hepatocytes were seeded at 300K
cells per well, with media changed every other day and treated with or without 5uM CAL-101 over the
course of 6 days. BRDU was added 2 hours prior to harvest of cells to assess proliferation.
Results: Data array analyses by IPA identified PIK3CD as common to several pathways that were identified.
Mice that were treated with the PIK3CD inhibitor Cal-101 exhibited a 50% decrease in hepatocyte
proliferation on day 2, and day 4 after PHx compared to control (no inhibitor) through quantification of
nuclear KI67 staining. Additionally, a decrease in cyclinD1 at day 2 was examined in the Cal-101 treated
mice through western blot analyses. By day 7, proliferation subsided in both the control and cal-101 mice
and liver to body weight ratios were similar. In vitro culture data also supported a role for PIK3CD in
hepatocyte proliferation as a significant decrease was observed in primary hepatocytes treated with CAL101 compared to control over a 6-day culture period. This data shows an important potential role for
PIK3CD in controlling hepatocyte proliferation in the regenerating liver.
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Compensatory hepatic adaptation accompanies permanent absence of intrahepatic biliary
network due to YAP1 loss in liver progenitors
YAP1 regulates cell plasticity during liver injury, regeneration and cancer, but its role in early liver
development is unknown. YAP1 activity was detected in biliary cells and in cells at the hepato-biliary
bifurcation in single-cell RNA-sequencing analysis of developing livers. Thus, we developed a mouse model
to delete YAP1 from early foregut progenitors including hepatoblasts before E13. Hepatoblast deletion of
YAP1 did not impair Notch-driven SOX9+ ductal plate formation, but prevented the maturation of ductal
plate cells and impaired formation of the abutting second layer of SOX9+ ductal cells, blocking the formation
of a patent intrahepatic biliary tree. Intriguingly, the mice survived for 8 months with severe cholestatic injury
and without any hepatocyte-to-biliary transdifferentiation. Ductular reaction in the perihilar region suggested
extrahepatic biliary proliferation likely seeking the missing intrahepatic biliary network. Long-term survival of
these mice occurred through hepatocyte adaptation via reduced metabolic and synthetic function including
altered bile acid metabolism and transport. Furthermore, we show that deletion of both YAP1 and TAZ in
early liver development results in embryonic lethality, while deletion of only one copy of TAZ from YAP1 KO
mice resulted in lethality for male pups but barely affected female pups beyond the known YAP1 KO
phenotype. In this case, we show that TAZ interacts with TEAD to regulate a subset of genes important in
cell proliferation, inflammatory response, and apoptosis. Overall, we show YAP1 as a key regulator of bile
duct development while highlighting a profound adaptive capability of hepatocytes, which is partly mediated
by TAZ.

Category: Graduate, Basic Research
Author:

Meghan Mooring

Poster Number: E2

Contact:
msm127@pitt.edu
Mentor:
Dean Yimlamai
Co-Authors: Kangning Yao, Shuchang Liu, Ye Liu, Dean Yimlamai

Cyr61 coordinates liver fibrosis through monocyte and macrophage recruitment and
polarization
Obesity is increasing worldwide and can lead to a multitude of GI complications. Major complications of
obesity include non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatosis (NASH). Aside from
dietary intervention, there are few treatments available. The Hippo signaling pathway and its effector
transcriptional co-activator YAP are responsible for fibrotic and inflammatory responses in injured
hepatocytes. Our previous work demonstrates that YAP-target Cyr61 is the main mediator of these effects.
The fibrotic activity of YAP/Cyr61 is only seen in the presence of circulating and liver-resident monocytes
and macrophages. Using a mouse model of NASH, we have determined that livers lacking hepatocytic
Cyr61 (Cyr61(d)Hep) showed less fibrosis than control. RNA sequencing shows decreased inflammatory
(TNFa, CCL2, Ly6C, TLR1/2) and fibrotic (Col1a1, Acta2, TIMP1, CTGF) gene expression in Cyr61(d)Hep
NASH livers compared to control, and increased expression of the anti-inflammatory macrophage marker
CD163. Cyr61(d)Hep NASH livers have fewer infiltrating monocytes (CD11b+) that express high levels of
inflammatory and fibrotic markers (TNFa, TGFb) and more anti-inflammatory macrophages (CD11blo,
F4/80+) that express low levels of inflammatory and fibrotic markers. Activation of Cyr61 expression in
hepatocytes (AAV-Cyr61Hep) resulted in increased fibrosis compared to control. AAV- Cyr61Hep livers
have more pro-inflammatory macrophages and fewer anti-inflammatory macrophages. Furthermore,
treatment with Cyr61 protein increases expression of pro-inflammatory genes (iNOS, IL-6) in bone marrowderived macrophages. Conclusions: Cyr61 from hepatocytes attracts and polarizes macrophages towards
an inflammatory state upon liver injury, leading to fibrosis. Lack of Cyr61 during injury reduces fibrosis and
inflammation, indicating that targeting Cyr61 during liver injury could be an effective therapeutic avenue.
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A Liquid Fraction of Extracellular Matrix Inhibits Glioma Cell Viability In Vitro and In Vivo
Suppressive and/or lethal effects of mammalian ECM materials upon various cancer types including breast,
urinary bladder, prostate, and esophageal have been reported. The present work investigated the effects of
a saline-soluble fraction of porcine urinary bladder ECM (ECM-SF) upon glioma cell phenotype in vitro and
in vivo. Viability at 24 hours in the presence of 1, 5, or 10 mg/mL ECM-SF was evaluated in three primary
glioma cell types (0319, 1015, 1119), four glioma cell lines (A172, T98G, U87MG, C6), and two CNS cell
lines (HCN-2, HMC3). Viability decreased in a dose dependent manner among all cell types at 5 mg/mL and
10 mg/mL. Cells showed differing sensitivities to ECM-SF with U87MG, HCN-2, and HCM3 being least
sensitive. The safety of ECM-SF (120 mg/kg) was evaluated by bi-weekly intravenous injections for 10
weeks in Sprague-Dawley rats. Biosafety outcome measures included weight, temperature, complete blood
count, and analysis of multi-organ histology. No abnormalities were observed compared to saline control.
Tumor volume and survival time were measured over 10 weeks in a C6 Wistar rat glioma model in which
intratumoral injections were administered at weeks 2, 3, and 4 (N=6). All saline treated animals and half of
ECM-SF treated animals died by week 4 with average tumor volume of 349 mm3 at time of death for the
control group and 90 mm3 for the ECM-SF treatment group. Half of the ECM-SF treated animals survived
until week 10 with tumor volumes decreasing to 0 mm3. ECM-SF increased median survival from 24.5 to 51
days (hazard ratio for death 0.22; 95% CI, 0.05 to 0.97). Mass spectrometry analysis identified 2,562 protein
species in the profiles of ECM-SF, the parent ECM, and the bladder tissue of origin. Principal component
analysis showed each profile to be distinct with ECM and ECM-SF samples having more biological
variability within their groups than the bladder samples. These results support the concept that ECM derived
from non-neoplastic tissue contains intrinsic signals that suppress cancer progression. Fractionated ECM
therapy may represent an alternative or complementary approach to conventional therapy for glioblastoma.
Further study of the role of individual ECM proteins and the molecular mechanism of action is warranted.
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Loss of PINK1 Causes Dendritic Simplification and Spine Loss in vitro and in vivo
Neurodegenerative diseases, such as Alzheimer’s disease (AD), frontotemporal dementia (FTD), and
Parkinson’s Disease (PD), can manifest an array of symptoms that differ from each other. Despite
differential manifestation and progression, there exist common underlying features, such as accumulation of
cytotoxic proteins, and extensive neuronal loss in late-onset patients. However, recent evidence suggests
that protein aggregation is a common feature of aging, and neuronal loss is observed in late-stage disease.
Therefore, protein aggregation and neuronal loss are unlikely to account for prodromal symptoms.
Together, these findings suggest that neuronal alteration in function and or morphology preceding cell death
may be critical in early disease progression. One such candidate of neuronal alteration preceding cell death
is dendrite pathology. PINK1 is a Ser/Thr kinase that is essential for neuronal health and function. In some
forms of AD and FTD, PINK1 levels are down, and mutations in PINK1 common in familial forms of PD are
associated with protein instability or loss-of-function. Using Sholl analysis we demonstrate that primary
cortical neurons derived from PINK1-/- mice present with reduced surface area and branching index
suggesting that PINK1 is essential in maintaining dendritic arborization. In addition to the observed dendritic
simplification, PINK1 null mice also exhibit loss of dendritic spines and a shift in spine population, wherein
immature spines are overrepresented. Injury due to PINK1 can be rescued back to basal levels by genetic
replacement of PINK1. To determine the functional status of PINK1 deficient neurons we performed wholecell patch-clamp electrophysiology. Preliminary data suggest that PINK1 deficient neurons fire with
diminished amplitude and frequency. These in vitro observations drove us to determine the significance of
PINK1 in vivo in maintaining the neuronal architecture. In agreement with our in vitro culture system, we
establish that loss of PINK1 in vivo results in simplified dendritic arbors in aged mice. We complement these
findings with behavioral observations in which aged PINK1-/- mice display changes in novel odor
recognition compared to PINK1+/+. To our knowledge, these are the first findings that establish the role of
PINK1 in maintaining dendritic arborization and dendritic spines.
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A Predictive Model of Stromal Fibroblast-Mediated Drug Resistance in HER2+ Breast
Cancer
Introduction: The tumor microenvironment can mediate tumor development and drug resistance through a
myriad of growth factor/cytokine signals that can activate multiple pathways in tumor cells. Drug resistance
is a major challenge in patients with HER2 overexpressing (HER2+) breast cancer, which accounts for
~20% of all breast cancer cases. Many of these patients (38-75%) ultimately do not respond to HER2
targeted therapies. Stromal fibroblasts are a prominent cell type found in the tumor microenvironment that
are linked to poor patient prognosis and drug resistance. Recent studies have found that fibroblasts cocultured with HER2+ tumor cells prevent tumor cell death and increase tumor cell proliferation in the
presence of a HER2-kinase inhibitor (Lapatinib). Fibroblasts confer lapatinib resistance in part through
increased anti-apoptotic protein expression and PI3K/Akt/mTOR pathway activation in tumor cells; however,
this resistance can be modulated by altering the number of tumor cells, number of fibroblasts, and drug
concentration in vitro. An ordinary differential equation (ODE) model is used to quantitatively explore factors
that influence this fibroblast protection and predict conditions that yield tumor cell growth despite HER2signaling axis blockade.
Methods: Dose-response experiments were conducted to measure the effects of lapatinib concentration and
fibroblast cell density on tumor cell viability. Cell growth and death of two HER2+ breast cancer cell lines
(EFM192 and BT-474) was assessed in vitro in either monoculture or co-culture with stromal fibroblasts
derived from primary tumor (AR22). Fluorescently-labeled tumor cells and fibroblasts were seeded in a 96well plate and treated with lapatinib (0.003-3 μM). Cells were imaged every four hours for 96 hours using
fluorescent microscopy to determine the number of viable and dead cells at each timepoint. These data are
used to calibrate the ODE-based mathematical model and compare candidate equations that best describe
the effects of fibroblasts on tumor cell growth and death. The model is subsequently used to simulate
experiments to identify conditions at which fibroblasts fully protect tumor cells from lapatinib.
Results: In the absence of fibroblasts lapatinib reduces tumor cell viability for all drug concentrations relative
to the control (DMSO); however, co-culturing with fibroblasts reduces the extent of cell death at greater (0.33μM). Greater fibroblast seeding density further increases fibroblast-mediated protection. The model
predictions identify a range of fibroblast seeding densities for which lapatinib-induced tumor cell death is
effectively blocked compared to tumor cells treated in monoculture. These predictions are validated
experimentally.
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Single-Cell RNA Sequencing of a Mouse COPD Model Identifies Aberrant Macrophage
Responses Critical for Lung Protection due to Adenine Nucleotide Translocase 1 (ant1)
Deficiency
Rationale: Chronic obstructive pulmonary disease (COPD) is characterized by macrophage-driven tissue
destruction and chronic inflammation. Mitochondrial function regulates macrophage responses to stimuli.
We have identified adenine nucleotide translocase 1 (ant1), an ATP transporter and component of
mitochondrial metabolism, as a promising therapeutic target for preventing COPD progression. Loss of ant1
protects against lung destruction, airway remodeling, and chronic inflammation in a mouse smoking model
of COPD. We hypothesize that loss of ant1 protects against COPD by reducing macrophage-driven
inflammatory responses. We utilize single-cell sequencing to identify involved cell-specific molecular
pathways.
Methods: Wildtype and ant1-null mice were exposed to cigarette smoke for 2 and 6mo and compared to air
controls. Lung histology and morphometry were conducted to assess airway and parenchymal changes.
Single-cell sequencing was performed on lungs from 2mo air and smoke-exposed mice (n=3 mice per
group). Single-cell library preparation was performed using 10X Genomics 5prime v1 reagents to analyze
~5000 cells per mouse. Reads were aligned using Cell Ranger, then Seurat v3.2 standard workflow was
used for downstream analysis. Clusters were generated using an unsupervised UMAP. Cells were identified
using cell marker lists, and myeloid cells were aggregated and clustered.
Results: In the 6mo smoking mouse model of COPD, ant1-null mice are protected against alveolar
destruction as quantified by airspace cord lengths on morphometry. ant1-null mice show decreased lung
epithelial remodeling, inflammation, and macrophages after 6mo CS exposure compared to WT. Single-cell
analysis reveals 36 clusters consisting of 25 unique cell types. Additional clustering on myeloid cells,
originally 11 clusters, generates 21 clusters, suggesting diverse phenotypes amongst inflammatory cells.
Mmp12, a matrix metalloproteinase implicated in development of emphysema, is differentially expressed
between groups. We identify two unique interstitial macrophage (IM) populations: Mmp12 positive and
negative. Mmp12 is significantly upregulated in smoked WT IMs but is downregulated in smoked ant1-null
IMs. Transcriptional analysis shows MAPK and NF-kB pathways are altered in smoke alveolar
macrophages in WT but not ant1-null mice.
Conclusions: Ant1-null mice are protected against the development of emphysema, airway remodeling and
macrophage inflammation after CS exposure. Single-cell RNA sequencing in wildtype smoke-exposed mice
compared to ant1-null mice reveals cell-specific transcriptional differences in Mmp12 expression and proinflammatory MAPK and NF-kB pathways that drive emphysema development. By performing additional
unbiased clustering on myeloid cells, we identify a diversity of macrophage transcriptional phenotypes.
These data suggest that ant1 is critical for macrophage function and has a unique role in COPD
pathogenesis.
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Utilization Of Extracellular Matrix Protein Decorin To Limit Hypertrophic Scarring In-Vivo
Cutaneous wound healing is an intricate orchestration of three overlapping phases of repair that encompass
numerous cell types, signaling cascades, and microenvironment modifications to reach a successful
resolution. Disruption of any of these steps will create an abnormal healing response resulting in either
ulceration or excessive scarring. It has become evident that the extracellular matrix and its associated
components are key orchestrators during this process. One of these key matrix proteins is decorin, a small
leucine-rich proteoglycan (SLRP), that acts as a non-competitive inhibitor of multiple growth factors,
preventing activation of the receptors for EGF, IGF-1, HGF, and VEGF. Decorin is considered an important
shut off switch for the pro-reparative mechanism of the tissue replacement phase and limits the occurrence
of hypertrophic scarring through preventing excessive repair. Here we are investigating the use of decorin
as a therapeutic by administering the matrix protein utilizing a slow release coacervate bundle into a
hypertrophic scaring mouse model. Results show that early wound healing measurements at day 14 and
day 30 exhibit little difference in performance compared to our coacervate only baseline or HB-EGF control
mice. However, at day 90 during the resolution phase of wound healing, the decorin treated mice
demonstrate a significant reduction if cutaneous thickness, enhanced collagen alignment, and better overall
wound scoring. Thus, mice treated with decorin displayed better healing outcomes and were able to limit the
hypertrophic scarring phenotype still present in the coacervate only and HB-EGF controls. These results
suggest that decorin may act as a promising tool and alternative therapy for patients who suffer for over
exuberant wound healing.
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Phosphomimetic TDP-43 shows increased propensity to undergo aberrant liquid-liquid
phase separation
TDP-43 is a predominantly nuclear DNA/RNA binding protein (RBP) where it plays a key role in RNA
processing, including alternative splicing and RNA trafficking, and is an underlying neuropathological
feature in nearly all Amyotrophic Lateral Sclerosis (ASL) patients. In ALS, TDP-43 is depleted from the
nucleus and mislocalized to the cytoplasm where it forms hyperphosphorylated and p62 positive insoluble
inclusions that strongly correlate with regions of CNS degeneration. The upstream mechanisms leading to
TDP-43 proteinopathy and its contribution to neurotoxicity remain unresolved and existing approaches to
model this pathological event are unreliable. We and others previously showed that TDP-43 undergoes
aberrant liquid-liquid phase transitions driven by the C-terminal Low Complexity Domain (LCD) when the
protein does not bind its cognate RNA sequences (Mann et al 2019; Gassett-Rosa et al 2019; French et. Al
2019). While hyperphosphorylation of TDP-43 is a hallmark pathology of ALS and other neurological
disorders, the physiological and pathological effects of phosphorylated TDP-43 remain unknown. Here, we
generated a 5S>D construct to mimic hyperphosphorylated TDP-43 sites in postmortem tissue and found
expression results in enriched cytoplasmic localization of the phosphomimetic construct. We next tested the
effect of a phosomimetic TDP-43 LCD using the photokinetic optoDroplet approach to study the effect on
LLPS of the protein fragment (Mann et al, 2019; Shin et al, 2017) and found repeated stimulation promotes
irreversible protein droplet assembly when compared to WT TDP-43 LCD disassembly. Furthermore, we
find that this optodroplet formation is highly concentration dependent in the case of the WT TDP-43,
however the threshold for LLPS is greatly reduced in the 5SD construct. Lastly, we also demonstrate that
blue light stimulation of full length 5SD optoTDP-43 results in larger cytoplasmic inclusions when compared
to the WT protein. Taken together these studies indicates that phosphorylation plays a pivotal role in the
regulation of TDP-43 LLPS which could have far reaching implications for TDP-43 both physiologically and
pathologically.
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A Novel Culture System Supported Germ Cell Development in Non-human Primate
Testicular Tissues
Sperm cryopreservation is an established method of fertility preservation for adult male patients who face
the risk of permanent infertility due to medical treatments. However, pre-pubertal male patients are not yet
producing sperm, they are often advised to cryopreserve testicular tissues that contain spermatogonial stem
cells (SSCs) – SSCs are potent to regenerate spermatogenesis (sperm production process) in response to
proper induction conditions. Testicular tissue culture (TTC), taking advantage of SSC potential and small
tissue amounts to produce sperm in vitro, may become a potential therapy to restore fertility for these
patients. Previous literature reported fertilization-competent spermatozoa/spermatids produced from
cultures of immature mouse and human testicular tissues. However, they either used complicated culture
systems or obtained a very low spermatogenesis efficiency. These are the barriers that hinder the
translational applications of this technology. The goal of this study is to develop a simplified, efficient culture
system to induce in vitro spermatogenesis using immature mouse and non-human primate testicular
tissues. We invented a novel (polydimethylsiloxane = PDMS) PDMS-roof transwell (PRT) culture system
that can overcome the limitations of previous culture systems, including laborious device production, difficult
tissue loading, complicated culture maintenance, while yielding high culture efficiency. Neonatal mouse
testes cultured in the PRTs showed active spermatogenesis in >70% of tissue areas with presence of germ
cells, including undifferentiated spermatogonia, differentiating spermatogonia, and spermatocytes.
Cryopreserved pre-pubertal Rhesus macaque tissues were also cultured for 2 months in the PRT system.
The seminiferous tubule cross-section diameter also grew significantly larger after culture. We observed not
only an increased proliferative activity of UCHL1+ spermatogonia, but also increased proportion of germ
cells expressing meiotic marker SYCP3 and post-meiotic marker CREM. Surprisingly, the medium condition
with no growth factor/hormone supplements significantly promoted germ cell survival, proliferation, and
differentiation better than any other treatments. Moreover, hCG treatment seemed to have more positive
effects on germ cell survival, proliferation, and differentiation in testicular tissues from the older monkeys
rather than the younger monkey that we tested. Opposingly, FSH addition promoted germ cell survival and
proliferation better in tissues from the younger monkeys than from the oldest monkey. Treatment of retinoic
acid (RA) alone or in combination with other factors was deleterious to germ cell survival. This multi-species
study helped us better understand in vitro germ cell development in rodents versus primates, and potentially
validate safety and feasibility of the TTC technology for future clinical applications to give our patients a
chance of fatherhood in the future.
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BATF2 mediates pro-inflammatory cytokine production in alveolar macrophages and
enhances early host defense against pulmonary Klebsiella pneumoniae infection
Background: BATF2 is a basic leucine zipper transcription factor that is emerging as an important regulator
of the innate immune system. We previously observed that BATF2 is among the top upregulated genes in
human alveolar macrophages upon treatment with LPS. However, the role of BATF2 in the host response
during pulmonary infections with gram-negative bacteria like Klebsiella pneumoniae (Kp) is not known. Here
we tested the hypothesis that BATF2 is a key regulator of host-protective macrophage effector responses to
Kp, and that as such, BATF2 is critical for an effective host defense against Kp infection in the lungs.
Methods: The requirement for BATF2 for the host defense against Kp was determined by intratracheal
inoculation of WT and Batf2-/- mice and subsequent assessment of lung, spleen and liver tissue colony
forming units 24 hours post infection. Phagocytic uptake and killing capacity of WT and Batf2-/- alveolar
macrophages was assessed in vitro via pHrodo-based phagocytosis and gentamicin protection assays,
respectively. Gene expression and cytokine production in WT and Batf2-/- alveolar macrophages in
response to Kp supernatant in vitro were assessed by qRT-PCR and ELISA.
Results: Our in vivo experiments showed that BATF2 contributes to early antimicrobial immunity, as
evidenced from a 5.2-fold higher lung bacterial burden in Batf2-/- mice compared to WT mice 24 hours
following Kp infection (p<0.05) as well as increased dissemination of Kp to the spleen (3.8-fold, p<0.05) and
liver (3.2-fold, p<0.05). WT and Batf2-/- alveolar macrophages showed a similar capacity to phagocytose
and intracellularly kill Kp bacteria. However, Batf2-/- macrophages produced markedly less proinflammatory cytokines compared to WT macrophages (TNF: -42%, p<0.001; IL-6: -32%, p<0.01; CCL5: 42%, p<0.01; CXCL1: -30%, p<0.001) when stimulated with Kp supernatant ex vivo. Of note, BATF2mediated upregulation of pro-inflammatory genes such as Nos2 and Il12b in response to Kp stimulation
required interferon priming in alveolar macrophages but not in bone marrow-derived macrophages.
Conclusion: Batf2-/- alveolar macrophages show reduced pro-inflammatory cytokine responses to Kp and
Batf2-/- mice have an impaired host defense against pulmonary Kp infection. Based on our data, we
speculate that BATF2 is important for an effective pro-inflammatory cytokine response in alveolar
macrophages during Kp infection, and that as such, BATF2 contributes to early host defense against Kp.
Funding: National Institutes of Health P01 HL114453, R01 HL136143, R01 HL142084, K24 HL14285 (to
J.S.L.).
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Gene Regulatory Network Directed Development and Vascularization of Human iPSC
Derived Multilineage Liver Organoids
Human organoid models are novel tools for understanding human development and disease with patient
specificity. However, they fall short of recapitulating primary tissues in gene expression, vascularity,
functionality, and multicellular composition important for mimicking organ development and function.
Combining approaches from synthetic, computational, and stem cell biology, we generated multicellular,
self-vascularizing, stem cell derived Designer Liver Organoids (DesLO) which make significant headway on
these challenges. DesLO were generated from a hiPSC line with incorporation of a doxycycline (dox)inducible GATA6 expression vector. After induction of GATA6 for mesendoderm generation, we observed
subsequent differentiation of endothelial cells, stellate-like cells, and hepatocyte-like cells in culture on basal
medium with no growth factors. We analyzed DesLO with the CellNet algorithm, which evaluates sample
tissue classification and gene regulatory network alignment with primary tissue libraries. By expressing
transcription factors ATF5 and PROX1 identified by CellNet, and CRISPRa mediated upregulation of the
cytochrome P450 3A4 (CYP3A4), we observed significant increases in liver functions, vascular networking,
and bile acid synthesis regulation. We used single cell RNAseq to confirm the presence and enrichment of
the endothelial, hepatobiliary-like, and stellate-like populations in DesLO. We also observed quantifiable
increase in vascular networking in vitro and engraftment capability in vivo, showing increased survivability in
immunodefficient liver injury model mice (FRGN) when DesLO was transplanted under the renal capsule.
This engineering approach shows significant improvement of liver organoid modeling and function, and
opens the doors for development of more engineerable, patient-specific modeling of liver development and
disease using renewable cell sources (hiPSC) without the need for expensive, arduous, and variable media
coaxing steps.
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3D reconstruction of collagen and vasculature in the lamina cribrosa reveals distinct
networks
Background: Neural tissue within the optic nerve head, in the back of the eye, requires A) a dense network
of capillaries for nutritional homeostasis and B) a robust network of collagen beams for structural support.
Both dysregulation of the vasculature and collagen architecture in the lamina cribrosa (LC), a subregion of
the optic nerve head, have been implicated in the pathology of glaucoma, a leading cause of irreversible
blindness worldwide. Previous work has often been conducted under the assumption that all LC collagen
beams contain a single microvessel and that all microvessels within the LC are housed within collagen
beams. However, limitations in imaging and analysis have prevented comprehensive investigations of LC
collagen and vascular architecture simultaneously. Developing methods to characterize the
interrelationships between these elements can help us better understand LC physiology both in health and
disease. This is vital to inform and develop better treatments for glaucoma.
Purpose: To analyze the spatial interrelation between vascular and collagen networks in the LC.
Specifically, we quantified the percentages of collagen beams with/without vessels and of vessels
inside/outside of collagen beams. Methods: The vasculature of six normal monkey eyes was labelled by
perfusion post-mortem. Cryosections through the LC were imaged using fluorescence and polarized light
microscopy to visualize the blood vessels and collagen beams, respectively. The images were registered to
form 3D volumes. Collagen beams and vessels were segmented, and their spatial interrelationship was
quantified in 3D.
Results: We found that 22% of the beams contained a vessel (range 14% to 32%), and 21% of vessels
were outside beams (13% to 36%). Stated differently, 78% of beams did not contain a vessel (68% to 86%),
and 79% of vessels were inside a beam (64% to 87%). Individual monkeys differed significantly in the
fraction of vessels outside beams (p<0.01 by linear mixed effect analysis), but not in the fraction of beams
with vessels (p>0.05). There were no significant differences between contralateral eyes in the percent of
beams with vessels and of vessels outside beams (p>0.05).
Conclusions: The vascular and collagenous networks of the LC in monkey are clearly distinct, and the
historical notions that each LC beam contains a vessel and all vessels are within beams are inaccurate. We
postulate that vessels outside beams may be relatively more vulnerable to mechanical compression by
elevated IOP than are vessels shielded inside of beams.
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foxm1 is required for cardiomyocyte proliferation after zebrafish cardiac injury
Mammalian hearts fail to regenerate damaged tissue after cardiac injury because adult cardiomyocytes
(CM) do not proliferate sufficiently. However, recent findings demonstrate these CMs can dedifferentiate,
proliferate, and redifferentiate near the site of injury. It is imperative to discern the mechanisms regulating
CM proliferation and to determine how they affect regeneration. Unlike mammals, adult zebrafish CMs can
robustly proliferate after injury which allows for the identification of genes and pathways that control heart
regeneration. We compared the transcriptome profile of uninjured and ventricular resectioned hearts and
identified a number of candidate genes implicated in cell cycle regulation. Expression of foxm1, a forkheadbinding transcription factor, was identified in CMs at 3 days post-amputation (dpa) when CM proliferation
initiates. Foxm1 is a mitotic regulator and is expressed during mammalian cardiac development, but its role
in cardiac regeneration has not been characterized. We hypothesized that foxm1 is critical for CM division,
and that loss of its activity will result in heart regeneration failure. Indeed, we observed a significant
decrease in PCNA+ CMs at 7dpa and increased scar tissue at 30dpa in foxm1 mutants compared to WT
controls. Transcriptome profiling of foxm1 mutant hearts at 3dpa showed decreased expression of genes
involved in glycolysis and cell cycle progression. Specifically, several G2/M phase cell cycle genes were
decreased in mutant hearts suggesting that Foxm1 is required for mitotic progression through activation of
genes involved in cytokinesis. This was supported by the decreased expression of centromere protein f
(cenpf), a gene involved in chromosome segregation, g2/m-phase specific E3 ubiquitin protein ligase
(g2e3), and protein regulator of cytokinesis 1 (prc1) in foxm1 mutant hearts. Previous research revealed
cenpf expression and CM proliferation in the developing heart persists until P7 in neonatal mice, so we
hypothesized cenpf is required for mitosis. To confirm that cenpf is critical for CM cell division, we analyzed
cenpf mutant hearts after ventricular resection and noted a failure to regenerate after injury. Moreover, by
20dpa cenpf mutant hearts showed an abundance of binucleated CMs indicative of incomplete cytokinesis.
These findings reveal that foxm1 is critical for proper CM proliferation after injury through activation of G2/M
phase cell cycle genes.
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NOTCH-YAP1/TEAD-DNMT1 axis drives hepatocyte reprogramming into intrahepatic
cholangiocarcinoma
BACKGROUND AND AIM: Intrahepatic cholangiocarcinoma (ICC) is a liver tumor of increasing incidence
and devastating prognosis. A critical barrier to developing an effective regimen for ICC is its intra- and intertumoral molecular heterogeneity, which may in part be due to its diverse cellular origin. We investigated
clinical relevance and the molecular mechanisms underlying hepatocyte (HC)-driven ICC development.
METHODS: Expression of ICC driver genes in human diseased livers at risk for ICC development were
examined. Sleeping beauty and hydrodynamic tail vein injection based Akt-NICD/YAP1 ICC model was
used to investigate pathogenetic roles of SOX9 and YAP1 in HC-driven ICC. These models and in silico
studies led to identification of DNA methyltransferase-1 (DNMT1) as a YAP1 target, which was validated by
both loss- and gain-of-function studies.
RESULTS: Co-expression of AKT along with NICD/YAP1 in HC yielded ICC which resembled proliferative,
Notch-activated, and stem cell-like subclasses of clinical ICC. NICD induced SOX9 and YAP1 in HC-driven
ICC and deletion of either significantly delays ICC development. Yap1 deletion or TEAD inhibition, but not
Sox9 deletion, impaired HC-to-biliary epithelial cell (BEC) reprogramming. DNMT1 was discovered as a
novel downstream effector of YAP1-TEAD complex that directs HC-to-BEC/ICC fate-switch. DNMT1 loss
prevented Notch/YAP1-dependent HC-driven cholangiocarcinogenesis, and DNMT1 re-expression restored
ICC development following TEAD repression. Co-expression of DNMT1 with AKT was sufficient to induce
tumor development including ICC. DNMT1 was detected in subset of HCs and dysplastic BECs in
cholestatic human livers prone to ICC development.
CONCLUSION: We identify a novel NOTCH-YAP1/TEAD-DNMT1 axis essential for of HC-to-BEC/ICC
conversion, may be relevant in cholestasis-to-ICC pathogenesis in the clinic.
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β-catenin Conditional Knockout Protects from Lithocholic Acid Supplemented Diet in
Murine Model of Cholestatic Liver Injury
Study Objective: To investigate if liver-specific β-catenin knockdown could mitigate development of
cholestatic liver injury in lithocholic acid (LCA)-supplemented diet model and understand the underlying
mechanism(s) of protection and/or injury.
Hypothesis: We recently showed that loss or inhibition of liver specific β-catenin confers protection and
prevents the development of cholestatic liver injury after bile duct ligation (BDL). Since, bile acid (BA)
accumulation is the causal factor for both BDL and LCA induced cholestatic injury, we hypothesized that βcatenin conditional knockout would provide protection from LCA-induced injury as well. Methods: Agematched wild-type control (Con) and β-catenin liver-specific knockout (KO) mice were fed 0.6% LCA diet for
7 days and then euthanized. Liver histology and serum biochemistry were done to check for fibrosis and
parameters of cholestatic injury. Immunostaining was performed to analyze ductular response and relative
gene expression was assessed for regulatory bile detoxifying enzymes and transporters.
Results: KO mice showed fewer and smaller necrotic areas as compared to Con mice after LCA-diet.
Serum biochemistry showed significant decrease in biliary injury in KO mice. Although total liver BA levels
were comparable, serum BA was decreased in KO. Pan-cytokeratin immunostaining showed increased
ductular response in KO, suggesting a defense mechanism for mediating enhanced BA clearance. Analysis
of BA homeostasis and transport genes showed that KO had decreased BA uptake transporters, increased
apical and basolateral efflux transporters, and increased expression of detoxifying cytochrome P450
enzymes, resulting in overall decreased accumulation of toxic BA in the liver.
Conclusions: β-catenin conditional knockout improves the overall outcome and confers protection from
LCA-induced cholestatic liver injury, similar to that observed after BDL in our previous findings. This is
achieved through increased BA transporters, hydroxylation of toxic BA and enhanced ductular proliferation
to improve BA clearance. Further investigations would be focused on assessing the role of nuclear
transcription factors in mediating the protective response as observed in our cholestatic model after LCA
supplementation.
Significance: In conditions where high hepatic bile accumulation is the primary cause of cholestatic liver
injury, targeting β-catenin may prove beneficiary in improvement of the pathogenesis. Exploring the βcatenin signalling would further provide information on the use of inhibitors of this pathway for targeted
therapy.
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TCPOBOP induced hepatocellular proliferation is attenuated by Lymphocyte specific
protein-1
Lymphocyte specific protein-1 (LSP-1), an f-actin binding protein expressed in hematopoietic cells and
hepatocytes, is the gene with the greatest copy number variation in human hepatocellular carcinoma. LSP-1
acts as a scaffold for the Ras/MEK/ERK MAP kinase pathway and with kinase suppressor of Ras (KSR),
inhibits ERK phosphorylation, preventing downstream signaling to induce proliferation and migration. Our
previous work has demonstrated that LSP-1 suppresses hepatocellular proliferation after partial
hepatectomy (PHx) as well as in primary hepatocyte cultures. To ascertain whether LSP-1 functions to
attenuate hepatocellular growth in models which induce proliferation without loss of tissue or injury, we
investigated whether LSP-1 can modulate TCPOBOP (1,4-Bis [2-(3,5-Dichloropyridyloxy)] benzene)
induced hepatocellular proliferation and hepatomegaly. TCPOBOP, a constitutive androstane receptor
(CAR) agonist, induces hepatocellular hyperplasia through a CAR dependent mechanism. Since LSP-1
suppresses hepatocyte proliferation after PHx and in culture, we hypothesized that LSP-1 will attenuate
TCPOBOP driven hepatocellular proliferation. In this study, we administered TCPOBOP to both a global
LSP1 knockout mice as well as a hepatocyte specific LSP-1 transgenic (TG) mouse model along with their
wild-type (WT) controls. Hepatocyte proliferation was measured using Ki67 and PCNA
immunohistochemistry and western blot. TG livers TG displayed decreased Ki67 and PCNA staining on day
2 after TCPOBOP administration as well as no measurable change in liver to body weight ratios as
compared to baseline. However, by day 5, the TG liver to body weight ratios increased above those of the
WT, but the percentage of Ki67 positive hepatocytes was significantly less in TG as compared to the WT on
days 2-5. Measurement of hepatocyte size revealed that the TG had significantly larger hepatocytes as
compared to WT leading to hepatomegaly on day 5. Activation of CAR target genes was observed in both
the WT and TG livers. Loss of LSP-1 led to a statistically significant increase in the liver to body weight
ratios of the KO mice as well as increased hepatocellular proliferation as compared to WT. Conclusion:
LSP-1 suppresses TCPOBOP induced hepatocellular proliferation and loss of LSP-1 leads to increased
hyperplasia supporting the role of LSP-1 as a growth suppressor.
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Effect of aging in the mouse on Mesenchymal Stem Cell (MSC) maturation in the skeleton
MSCs behavior is known to change over aging, Overtime, there is an imbalance between osteogenesis and
adipogenesis resulting in an increase of adipose tissue in bone marrow. A lot of people are studying the
pathways involved into this shift however the effect of aging on MSC fates including bone versus adipose
tissue is poorly known. In this study, we used 4 young (2 months) and 4 old mice (18 months) to extract the
lowest vertebrae of the lumbar spinal and bone marrow for MSCs isolation. MicroCT experiments confirmed
the modification of the structural stiffness of bone between old and young males. Quantitative PCR for bone
markers and phosphate transport suggested that osteogenic differentiation and mineral deposition vary with
age. Isolated MSCs were differentiated into osteoblasts for 14 days. Mineral deposition was stained with
silver nitrate and the quantity of true mineral deposition was higher in young mice. To find the key
candidate(s), a wide gene level expression profiling (Clariom analytics) was performed on differentiated
MSCs. Aging produced a significant change in the gene expression profile. Among the ten genes up
regulated in young mice, six genes are known to be involved in osteogenic differentiation and/or to suppress
the adipogenic differentiation of MSCs. In old mice, the expression of Sfrp4 that is known to functionally
block Wnt ligands is 3.82 times increased, confirming the decrease of mineral deposition. Understanding
how aging affect osteogenic differentiation of MSCs and the mineral deposition is critical since age risk
factor is the primary cause of osteoporosis which is characterized by an increased risk of bone fractures.
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CD4+ T cell depletion in SIV-infected African Green Monkeys does not alter disease
progression
Background. Massive and persistent mucosal CD4+ T cell depletion is a hallmark of HIV infection, being
associated with immune impairment and opportunistic infections. The contribution of CD4+ T cell depletion
to SIV/HIV-associated gut dysfunction is unknown. African Green Monkeys (AGMs), a primate species that
do not progress to AIDS, partially recover mucosal CD4+ T cells during chronic infection and maintain gut
integrity throughout infection. We assessed the impact of prolonged (over one year), experimental CD4+ T
cell depletion on gut integrity and natural history of SIV infection in AGMs.
Methods. Six AGMs were intravenously infected with 300TCID50 SIVsab. All received an anti α-CD4
antibody intravenously every three weeks, starting 21 days postinfection (dpi). Plasma viral loads (pVLs),
absolute cell counts, proliferation and activation status of T cells, systemic and local immune activation and
inflammation, gut integrity, and cardiovascular disease onset were monitored throughout the follow-up.
Results: Complete ablation of CD4+ T cells in blood and >90% depletion in the intestine and lymph nodes
was achieved. pVLs peaked at 107 vRNA copies/mL at 10 dpi, followed by a 4-log decrease by 28 dpi.
pVLs were lower compared to SIV-infected AGM controls and were even undetectable in some CD4depleted AGMs. No significant changes in T-cell immune activation and proliferation levels occurred in the
CD4-depleted AGMs. A transient increase of the inflammatory cytokines and chemokines (IL-1RA, CCL2,
CCL5, CCL11, CXCL10, CXCL11, MIF) occurred only during acute infection, and was resolved during
chronic infection. sCD163 had similar dynamics. Absence of gut damage was observed in situ and through
testing of iFABP, zonulin and sCD14 markers, which remained stable during the follow up.
Conclusions: Despite a major and persistent depletion of CD4+ T cells in blood and tissues for over a year,
AGMs remained healthy and did not progress to AIDS. Gut integrity was maintained in spite of profound
CD4+ T-cell loss. As such, our results suggest that CD4+ T-cell depletion, in the absence of increased
inflammation and immune activation, is not a determinant factor for SIV-related gut dysfunction. Our results
also indicate that AGMs’ AIDS-resistance is independent of the CD4+ T cells.

Category: Post-Graduate, Basic Research
Author:

Brian Leibowitz, PhD

Poster Number: H1

Contact:
leibowitzb@upmc.edu
Mentor:
Jian Yu
Co-Authors: Guangyi Zhao, Liang Wei, Hang Ruan, Michael Epperly, Lujia Chen, Xinghua Lu, Joel
S. Greenberger, Lin Zhang, and Jian Yu

Interferon Beta drives Intestinal Regeneration after Radiation
The coupling of stem cell injury with regeneration remains an intriguing and medically important question.
Stimulator of Interferon Genes (STING) is a cytosolic nucleic acid sensor important for host defense against
pathogens. Here, we report that STING-dependent Type 1 Interferon (IFN) response drives intestinal
regeneration and animal recovery upon radiation injury. STING deficiency has no effect on radiationinduced DNA damage or crypt apoptosis, but abrogates epithelial IFNbeta production, local inflammation,
innate immunity transcriptional response, and subsequent crypt regeneration. Impaired survival and
intestinal regeneration and inflammation in STING deficient mice are fully rescued by a single IFNβ
treatment given 48 hours post radiation, but not by wildtype bone marrow. IFNβ treatment remarkably
improves the survival of WT mice and Lgr5+ stem cell regeneration through elevated compensatory
proliferation and DNA damage removal. Our findings support that inducible IFNβ production in the niche
couples DNA damage-induced ISC injury and regeneration, and the potential of IFNβ in treating radiationinduced acute intestinal injury currently with no FDA-approved therapy.
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Mutant Tau causes dendritic simplification through disruption of mitochondrial calcium
homeostasis
Mitochondrial dysfunction and neurite shortening are features associated with several neurodegenerative
diseases, including Alzheimer’s disease (AD) and Frontotemporal lobar dementia (FTLD). Brain
accumulation of the protein Tau is linked to AD and some forms of FTLD, and recent studies implicate that
aberrant Tau causes mitochondrial dysfunction. We have previously shown that disruption of mitochondrial
calcium homeostasis precedes dendritic simplification caused by mutant LRRK2, and that dendritic
morphology can be protected by normalizing mitochondrial calcium flux. Our preliminary data show that
overexpression of either WT or mutant Tau (A152T) causes dendritic simplification in cultured neurons.
Given the link between mitochondrial function and dendrite complexity, we hypothesize that aberrant Tau
causes neurite shortening through disruption of mitochondrial calcium homeostasis. Mitochondria rapidly
sequester intracellular calcium by influx through the mitochondrial calcium uniporter (MCU), which is
balanced by calcium efflux through the sodium/calcium antiporter (NCLX). Using primary cortical neurons,
we tested whether expression of proteins that regulate mitochondrial calcium homeostasis changes with
overexpression of WT or A152T Tau compared to GFP as a control. We found that while levels of MCU are
not significantly different between conditions, proteins that regulate MCU activity (MICU1 and MICU2) are
decreased in cells expressing A152T, but not WT Tau. Additionally, we found that levels of phosphorylated
NCLX were decreased in cells expressing A152T. We next tested whether reducing overall intracellular
calcium using calcium chelator BAPTA-AM would reverse neurite shortening caused by WT or A152T.
Using SH-SY5Y cells and primary cortical neurons, we found that while both WT and A152T Tau cause
dendritic simplification, calcium chelation protected against A152T only. Next, we tested whether
mitochondrial calcium overload contributes to A152T neurite simplification by treating A152T-expressing
cultures with vehicle control or with MCU inhibitor Ru-360 to block mitochondrial calcium influx. In a parallel
experiment, A152T was co-expressed with constitutively active form of NCLX to stimulate mitochondrial
calcium efflux, or with constitutively inactive NCLX. We found that either Ru-360 treatment or expression of
active NCLX protects against neurite shortening caused by mutant Tau. Taken together, these data suggest
that mutant Tau expression disrupts mitochondrial calcium homeostasis which then contributes to dendritic
simplification, whereas WT Tau causes dendritic simplification by pathways independent of calcium
buffering. Ongoing experiments using a combination of biochemistry and live-cell imaging techniques are
designed to further delineate the mechanism(s) by which mutant Tau causes mitochondrial dysfunction and
subsequent neuronal pathology.
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Multicellular Human Liver-on-Chip Microphysiological Platform to Examine CRISPR-based
Gene Modulation
Background and Aims: CRISPR off target effects in genome present a major challenge for human
application. Although the utility of organoids, organ-on-chip, and CRISPR-based genome editing is well
recorded, there are no reports using liver-on-chips as models for CRISPR-based genome editing. Here we
describe a liver on chip capable of recapitulating metabolic function of liver in part to explore effects of
genome editing. We investigated whether different human liver cell types elicited different cytotoxic
response to Cas9 or gRNA and determined whether the delivery vehicle, the form of Cas9/gRNA delivery,
or its dosage can influence metabolic genes in response to Cas9.
Methods: We used two types of liver microtissue, with different cellular composition and complexity: liver
chip 1) with monoculture of primary human hepatocytes (PHH) only 2) and coculture with Kupffer cells, ratio
4:1 (hepatocyte-Kupffer cell). Each well of the liver-on-a-chip typically is seeded with 6.0 × 105 hepatocytes
and other cell types with flow of 1.0 µl/s through the liver 3D microtissues. CRISPR was designed to target
clinically relevant D1-Anti trypsin and VEGF genes relevant to current liver-based gene therapies. Following
delivery of Cas 9 guide RNA (using an efficient AAV serotype for liver transduction), experiments were
terminated at two different time points (72 hr: short term; 10 days: long term). In all studies, medium was
collected for cytokine measurement, and tissue was harvested for RNA and DNA extraction and
sequencing.
Results: Addition of KC does not influence urea production in presence of AAV. RNA sequencing revealed
activation of drug metabolizing enzymes in co-culture. Cyp3A7, Cyp4B1 and Cyp4A11 are positively
correlated with Cas 9 expression in mono and co-culture conditions as demonstrated by RNA seq analysis
whereas Cyp3A5, Cyp3A4 and Cyp2B6 are negatively correlated with Cas 9 expression in mono and coculture conditions. Cyp3A4, Cyp2C8, Cyp2B6 did not show significant alterations in coculture with MOI 200
and in MOI 2000 when compared to untransduced. Cytokine analysis revealed less activation of
proinflammatory cytokines except IL10 in genome edited group in coculture.
Conclusions: Co-culture conditions can differentiate treatment groups better than monoculture and can
represent physiologically accurate conditions. Cyp3A7, Cyp4B1 and Cyp4A11 are positively correlated with
Cas 9 expression in mono, co-culture conditions as demonstrated by RNA-seq analysis. By yielding
readouts that are closer to adult tissues than other available animal models, liver-on-a-chip platform can be
useful in predicting the efficiency, toxicity of CRISPR effectors and their delivery vehicles in humans.
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Knock down HSF1 could inhibit hepatoblastoma development induced by CTNNB1 and Yap
in mice
Hepatoblastoma (HB) is the most common liver cancer in children with highest incidence in the infants and
children to 5 years. Due to limited therapy and molecular understanding on HB, it’s necessary to generate
new animal models to deep mine the disease biology for therapy study. In our previous study, a HB model
in mice was built via overexpressing constitutively active forms of β-catenin (ΔN90-β-catenin) and Yap1
(YapS127A) in mouse livers with Sleeping beauty–mediated hydrodynamic tail vein injection. Based on the
model, the deep molecular mechanism and target therapy was explored. Since More recent study showed
HSF1 plays many important roles in cancer via regulating cell proliferation, antiapoptosis, epithelialmesenchymal transition (EMT), migration, invasion, and metastasis and may be a potential therapeutic
target for human cancers, and sevearl study showed HSF1 involved in liver cancer disease. From the
cancer datasets, it showed higher HSF1 expression with lower total survival ratio accociated with tumor
pathology type, here we want to explore the role of HSF1 in HB development. When we co-delivery
YapS127A/ΔN90-β-catenin/dnHSF1 to mouse liver, the gross image of mice liver is normal with few
microscope tumor nodules after 12 to 15 weeks post injection. And only a small visible tumor at 16 weeks
post injection. The immunochemistry staining showed dnSHF1 overexpression could delay the
tumorigenesis process of yap and beta-catenin, and the small tumor showed pmTOR(2448) positive, GS
positive. Such results showed HSF1 inhibition might be a choice for HB therapy combination with mTOR or
GS inhibitor.
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Met-β-catenin induced hepatocellular cancer requires Ras but not Akt or Stat3 signaling
We have previously shown that co-expression of hMet and mutant-β-catenin (S33Y or S45Y) using sleeping
beauty transposon/transposase via hydrodynamic tail vein injection (SB-HTVI) leads to HCC in mice
referred to as Met-β-catenin model, which represented 11% of human HCC. Since Met signaling can
activate downstream signaling including Ras, AKT/PI3K and STAT3, we next wanted to address if all these
downstream components are equally or differentially required to lead to Met-β-catenin HCC. Recently, we
replaced Met with G12D-Kras to activate Ras/MAPK/Erk signaling and co-expressed with mutant β-catenin,
which showed >90% gene expression similarity to Met-β-catenin HCC. Here, in leiu of Met, we co-delivered
mutant-β-catenin (S45Y/S33Y) with either myr-AKT or H1047R-PIK3CA or STAT3 via SB-HTVI.
Tumorigenesis was monitored at different stages after injection and molecular analysis was performed. Coinjection of H1047R-PIK3CA and S45Y/S33Y-β-catenin or myr-AKT and S45Y-β-catenin showed a notably
slower tumor development as compared to Met-β-catenin or Kras-β-catenin model, taking >15 weeks post
injection to develop appreciable tumor burden seen in the other 2 models at around 8 weeks. In fact, it took
about 16 weeks and 22 weeks to induce comparable tumors for AKT-S33Y-β-catenin group, and H1047RPIK3CA-S33Y-β-catenin group, respectively. Co-expression of active AKT/PI3K with mutant-β-catenin led to
HCC displaying lipid accumulation in tumor cells. Co-delivery of STAT3 and mutant-catenin induced none or
few small tumor nodules even around 34-weeks post injection. There was evidence of increased p-ERK, pAKT, and mTORC1/mTORC2 and downstream signaling including p-EIF4E, p-4E-BP1 and p-S6 Ribosomal
protein as well as β-catenin targets GS and CCND1 in AKT/PI3K-β-catenin. In conclusion, Ras signaling
appears to be the most important downstream effector of Met signaling which cooperates with mutant βcatenin for HCC development, while AKT/PI3K are of lesser relevance, and STAT3 of least relevance.
These findings will have implications in biology as well as therapeutics for these subsets of human HCC as
use of inhibitors of appropriate downstream effectors of Met may be more efficacious and with lesser offtarget effects than Met inhibition by itself in the Met-β-catenin HCC.
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Impaired Adipogenesis of visceral adipose tissue is responsible for Heart Failure Induced
Insulin Resistance
Background: The global prevalence of heart failure (HF) has become a crucial medical problem and is a
major cause of morbidity and mortality. The presence of HF predicts the development of insulin resistance
(IR), which is reported to be 18-22% higher in HF patients compared to healthy control patients. Although
elevated serum cholesterol levels and high body mass index (BMI) represent a risk factor of HF in the
Framingham study, other clinical studies also suggest that low lipid levels and higher BMI are associated
with lower mortality rate in HF patients. This phenomenon is called “obesity paradox," but the underlying
mechanisms are not fully understood. Although there is a plethora of evidence that HF affects the heart,
kidney, brain, and intestine, the studies addressing the impact of HF on adipose tissue and clinical
outcomes are largely lacking.
Methods: To investigate how HF affects visceral adipose tissue (VAT), we analyzed omental adipose tissue
obtained from deceased patients with myocardial infarction using immunohistochemistry, confocal
microscopy and quantitative RT-PCR. To understand the mechanisms of HF-induced insulin resistance, we
performed coronary artery ligation in C57BL/6 mice to induce HF. Moreover, we used cardiomyocytespecific TNF-α transgenic (Tnfatg) mice that develop severe HF and exacerbated glucose intolerance. We
further used the 3T3-L1 cell line to understand the effect of inflammation on adipocytes. Serum free fatty
acids, glycerol and triglyceride were analyzed by spectrophotometry. ELISA was performed to measure
insulin, adiponectin and leptin concentrations in serum and 3T3-L1 cell line conditioned medium.
Results: We observed that VAT weight was markedly diminished in C57BL/6 mice with coronary ligation
and Tnfatg mice compared to controls. Adipose cells in VAT of HF mice were also fewer and smaller
compared to age-matched control mice. Moreover, serum concentrations of triglycerides, free glycerol,
free fatty acids and adipocytokines like adiponectin and leptin were significantly lower in the both mouse
models of HF. Consistent with reduced amount of VAT and decreased serum lipid profile in mice with HF,
the expression of the genes responsible for adipogenesis, adipose expansion and fatty acid synthesis was
significantly reduced in VAT of patients and mice with HF. Mice deficient of adiponectin had worsened
glucose intolerance and elevated insulin levels, suggesting the role of diminished systemic adiponectin
levels in HF-associated IR.
Conclusions: HF affects development of adipocytes, and their differentiation and expansion, resulting in
reduced VAT weight. This results in reduced adipokine production and increased systemic glucose
intolerance.
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iNOS regulates intestinal stem cell regeneration after radiation injury
The intestinal epithelium is the fastest-renewing adult tissue in mammalian, with an estimated cycle of 3-5
days in mice. This rapid renewal is necessitated by continuous physical and mechanical load, while
predisposes to injury caused by infection, inflammation, as well as radiation and chemotherapy. Radiationinduced acute intestinal injury is a major dose limiting factor in cancer patients and victims and can lead to
long-term complications, while currently has no FDA-approved treatment. Normal intestinal renewal and
regeneration upon injury are driven by intestinal stem cells (ISCs), whose activation, proliferation and
differentiation are regulated by evolutionally conserved pathways such as Wnt, BMP, EGF, and Notch
through complex crosstalk with both epithelial and non-epithelial niche cells, which act within a few cell’s
distance. Our prior studies established a critical role of cell-intrinsic p53 signaling and DNA damage
response in ISC regeneration following radiation. However, key niche cells and signals governing intestinal
regeneration remain to be identified. The small intestine has highly structurally organized stem cell and
niche compartments. During homeostasis, the crypt base columnar (CBC) stem cells intermingled with
Paneth cells and give rise to progenitor or transiently amplifying (TA) cells and subsequent differentiated
cells. Radiation induces a rapid loss of actively cycling CBC cells, while quiescent and radioresistant ISCs
above are activated to drive regeneration. Using total body and abdominal irradiation (TBI and ABI) models
and genetically engineered mice, we discovered a novel role of oxidative stress in stem cell regeneration.
Radiation induces strong oxidative gene signature in the intestinal epithelium prior to regeneration, and
inhibition of ROS (reactive oxygen species) production after radiation blocks acute intestinal regeneration.
Interestingly, radiation induces strong induction of Inducible Nitric Oxide synthase (NOS2, or iNOS) in
Paneth cells upon p53 and PUMA-dependent apoptosis. Pharmacologic and genetic ablation of iNOS
impairs crypt regeneration and intestinal recovery from radiation injury. Mechanistic studies suggest that
iNOS is dispensable for radiation-induced DNA damage or apoptosis, but is required to activate Notchdependent ISC proliferation and regeneration. Defective intestinal regeneration in iNOS KO mice can be
fully rescued by a single dose of a ROS activator or specific notch activator given 24 or 48 hours after TBI,
but not by wildtype bone marrow. These data support a novel role of iNOS in intestinal regeneration, which
couples ISC loss with regeneration through ROS-sensitive Notch signaling and Paneth cells.
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Clinical Usefulness of 3-Tiered WHO Classification of Phyllodes Tumor Versus SGH
Nomogram
Background: Phyllodes tumors (PT) are categorized by World Health Organization (WHO) classification of
tumors as benign, borderline, and malignant. A study conducted at the Singapore General Hospital (SGH)
by Tan et al developed a recurrence risk assessment tool, which calculates a nomogram score based on
three histological criteria (cytological Atypia, Mitosis and stromal Overgrowth) and the Surgical margin
status (AMOS criteria). This score helps predict recurrence free survival in patients with diagnosis of PT.
We aimed to compare the clinical usefulness of SGH nomogram with the WHO classification.
Design: We identified 270 cases of PT (15 year period) with available information to calculate the
nomogram score. The data was extracted from pathology reports. Slides were reviewed for cases with
missing information for calculation of nomogram scores. Recurrence data was obtained from electronic
medical records. Average nomogram scores for each of the WHO classes with respect to surgical margin
status were compared. Recurrence rate for WHO classes is reported. The PTs with and without recurrence
were compared for each of the nomogram components, age, and tumor size.
Results: Of the 270 total cases, 195 (72%) were classified as benign, 49 (18%) as borderline, and 26 (10%)
as malignant. Final surgical margin status was positive in 39% of benign, 14% of borderline and 0% of
malignant cases. For PTs with negative margins, the average SGH nomogram scores were 4.5 for benign,
14.7 for borderline, and 32.1 for malignant. For PTs with positive margins, the average SGH nomogram
scores were 43.8 for benign and 54.3 for borderline. The recurrence rate was 2.3% for benign (average
follow up of 49 months), 4.3% for borderline (average follow up of 62 months), and 25% for malignant
(average follow up of 44 months). The difference was statistically significant (benign vs malignant p-value:
0.0002). Follow up data was available on 246 cases. Cases that recurred (n=12) and cases without
recurrence (n=234) are compared.
Conclusion: Despite positive margin status, benign PTs only rarely recur and therefore utility of SGH
nomogram is limited in such cases. Other features of nomogram (atypia, mitosis, and overgrowth) are
important in determining recurrence but are also used for WHO classification. Older age and larger tumor
size are associated with recurrence, but both of these parameters are more commonly observed with
malignant PT (data not shown). WHO 3-tiered classification is clinically useful, with SGH nomogram
possibly useful in select cases.
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Risk stratification of pediatric heart transplant patients based on HLA molecular mismatch
Human leukocyte antigen (HLA) is the most polymorphic gene in the human genome and is the greatest
barrier for solid organ transplantation. Previous studies related to the impact of HLA mismatch were carried
out at the level of HLA antigens. Few studies have explored the impact of HLA molecular mismatch using
high-resolution allele typing (4 digit). HLA molecular mismatch algorithms were developed to generate
scores based on the degree dissimilarity between donor and recipient HLA proteins. These scores have
shown potential to aid in risk stratification of solid organ transplant patients both pre- and post-transplant.
The HLA-Matchmaker and PIRCHE II algorithms both use donor and recipient HLA genotype data to derive
their scores, but in totally different ways. HLA-Matchmaker predicts humoral immune response with a
scoring method based on mismatches at functional epitopes, termed eplets, which lead to anti-graft
antibody formation. PIRCHE II predicts cellular immune response by considering what is known about how
non-self-peptides are presented by HLA Class II antigens and generating a score that represents the
number of non-self-peptides that can be presented by the patient’s HLA Class II. To assess the usefulness
of HLA-Matchmaker and PIRCHE II scores in risk stratification of heart transplant patients we
retrospectively assessed HLA molecular mismatch in 274 pediatric heart transplant cases from the CTOTC04/09 study. Next generation sequencing was conducted to obtain accurate 4-digit typing for 11 HLA loci in
donors and recipients. We found patients in this cohort to be highly mismatched with scores ranging from 4
to 18 allele mismatches (median=13), 15 to 92 eplet mismatches by HLA Matchmaker (median=50), and for
PIRCHE II scores from 145 to 1324 (median 549.5). We hypothesized that when used together, PIRCHE II
and HLA-Matchmaker scores would offer better HLA mismatch stratification than when used individually.
Molecular mismatch score cutoffs were determined for risk of de novo donor specific antibody (dnDSA),
antibody mediated rejection (ABMR) and acute cellular rejection (ACR) in a group of 134 patients where
dnDSA, ABMR, and ACR data were available. These cutoffs allow us to better stratify patients and revealed
a subcategory of moderate to low-risk patients that would have previously been scored as high risk. We
think our work has the potential to help clinicians provide individualized immunosuppression and identify
heart transplant patients that might be good candidates for a lowered immunosuppressant regiment.
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Caveats of Machine Learning Algorithms for Predicting Disease States in the Transplanted
Kidney
It is estimated that 80,000 kidney transplants are performed each year, globally. In the USA, medical costs
per patient for the first six months can be as high as $260,000, and subsequently the amount spent on
medications is about $17,000 annually. Patients need frequent optimization of immunosuppression to
maximize patient and graft survival. Insufficient immunosuppression leads to rejection, whereas excessive
medication predisposes patients to life threatening infection and malignancy. Dosing of medications such as
cyclosporine and tacrolimus is currently guided by target drug levels in the blood that have been derived
from population-based studies. However, considerable patient-to-patient pharmacokinetic and
pharmacodynamic variability exists, and optimal immunosuppression is not always achieved. Consequently,
approximately 10% of kidney transplant patients develop acute T-cell mediated rejection (TCMR) in the first
year, while another 10% develop subclinical rejection. Smoldering immune activity continues in most
patients such that 40% of all grafts are lost to chronic rejection within 10 years. Currently two principal
methods are used to diagnose TCMR clinically 1) histological staining and expert pathologist review, and 2)
the molecular microscope (MMDX). MMDX uses gene expression data and machine learning (ML) to
diagnose TCMR. The literature is flooded with reports of how well MMDXR performs, but few discuss its
limitations. We sought to assess these limitations by training ML algorithms comparable to MMDXR and
assessing their ability to diagnose TCMR in the transplanted kidney. Using 458 published datasets, we
found that ML algorithms trained on FFPE RNAseq data perform well, separating TCMR samples (~91-97%
classified as TCMR) from stable transplanted kidneys and non-transplanted samples in both RNAseq and
microarray datasets. When we expanded our search to other sample types such as lupus nephritis and
interstitial nephritis (ISN), which are derived from non-transplanted kidneys, but contain inflammation, the
algorithms incorrectly diagnose many as TCMR (55-77% TCMR). Similarly, if we train models to diagnose
ISN they identify many of the TCMR samples as ISN (68-83% ISN). ISN and TCMR share differentially
expressed genes leading to misdiagnoses by these methods. Therefore, model predictions must be
interpreted in the context of the larger clinical picture and the potential presence of other diseases that can
excite a similar inflammatory response. Given these data we believe that caution should be used in
interpreting results from expensive commercially available TCMR classifiers (MMDX) that have limited
diagnostic accuracy for kidney transplant biopsies.
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DNA Mismatch Repair Deficient Non-Neoplastic Endometrial Glands Are Common in Lynch
Syndrome Patients and Are Present at a Higher Density Compared to the Colon
Background: Lynch syndrome (LS) is the most common hereditary cancer syndrome. However,
distinguishing between LS and sporadic DNA mismatch repair (MMR) deficiency can be challenging. In
women with LS, the incidence of endometrial cancer equals or exceeds that of colorectal cancer, and up to
40-60% of women initially present with gynecologic tract cancer. Recently, MMR deficiency of nonneoplastic colonic crypts has been identified as a novel indicator of LS. The aim of this study was to
determine if MMR deficient non-neoplastic endometrial glands can help to distinguish between patients with
or without LS and to compare the density of MMR deficiency in non-neoplastic glands in the endometrium
versus colon in LS patients.
Design: We evaluated the immunohistochemical expression of MMR proteins in normal endometrial mucosa
from 64 patients including 34 confirmed LS (17 with endometrial cancer and 17 without cancer), and 30
patients with endometrial cancer without LS (10 with tumors with MLH1 promoter hypermethylation and 20
with MMR proficient tumors). We compared the pattern of MMR deficiency in LS in normal endometrial
mucosa (N=34) and normal colonic mucosa (N=30).
Results: MMR deficient non-neoplastic endometrial glands were identified in 16 of 34 (47%) LS patients,
compared to 0 of 30 (0%) patients without LS (including 0/10 sporadic MLH1 deficient endometrial cancer
due to MLH1 promoter hypermethylation, and 0/20 with MMR proficient endometrial cancer) (p <0.001).
MMR deficient non-neoplastic endometrial glands were more often identified in LS patients with endometrial
cancer (65%) compared to LS patients who had a risk-reducing hysterectomy without endometrial cancer
(29%) (p=0.04). We identified significant differences in the patterns of MMR deficiency in glands within
normal endometrial and colorectal mucosa in LS patients. Compared to normal colorectal mucosa, MMR
deficient glands in normal endometrial mucosa were mostly seen as contiguous groups of glands, ranging in
number from 3 to 101 (87% vs. 45%, p=0.02). In LS patients, MMR deficient glands were identified at a
higher density in normal endometrium compared to colonic mucosa (median number of MMR deficient
glands 22 vs. 2, p=0.02).
Conclusion: Our findings indicate that MMR deficient non-neoplastic endometrial glands are a reliable
indicator of LS and can be a tool to distinguish LS from sporadic MMR deficiency. Compared to colorectal
mucosa, MMR deficient glands in endometrial mucosa in LS patients are present at higher density and in a
pattern of contiguous large groups of histologically normal glands.
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Co-Expression of TIM-3, Gal-9, and PD-L1 in Uterine Carcinosarcomas and the Potential
Therapeutic Implications
Background: Due to the failure of single-agent immunotherapy, a combination approach to checkpoint
inhibition has been already considered in several tumors. We study the expression of TIM-3, Gal-9, and PDL1 in uterine carcinosarcoma (UCS). Binding of T cell immunoglobulin and mucin-domain containing-3 (TIM3) to its ligand, galectin-9 (Gal-9), dampens the immune response and prevents autoimmunity. The
expression of both markers in PD-L1 positive tumors suggests a possible involvement of both pathways as
mechanisms of immune evasion.
Design: Membranous TIM-3 and Gal-9 expression was assessed by immunohistochemistry in 37 UCS,
including 18 low stage (stages I and II) and 19 high stage (III and IV) tumors. The percentage of positive
staining in immune cells and epithelial and stromal components of UCS was determined. PD-L1 positivity
was scored as 5% or more of partial or complete membranous staining and correlated with staining of TIM-3
and Gal-9 and with the clinical stage.
Results: Co-expression of TIM-3, Gal-9, and PD-L1 in both tumor and immune cells was found in 26/37 of
UCS (70%). TIM-3 was expressed in tumor cells of 16 UCS (14 in the stromal component and 2 in both
components). Gal-9 was expressed in tumor cells of 19 UCS (6 in epithelial component, 4 in stromal
component, and 9 in both components). TIM-3 and Gal-9 were co-expressed in immune cells of all 37
tumors. Eight UCS showed tumor cell only positivity for PD-L1, TIM-3, and Gal-9, including 6 low stage (I
and II) and 2 high stage (III and IV). Eight tumors were negative in tumor cells for all 3 markers, including 3
low and 5 high stage UCS. Positive tumoral Gal-9 expression was associated with a 5-fold increased odds
of tumoral PD-L1 co-expression (OR 4.8; p=0.03).
Conclusion: Clinical trials for anti-TIM-3 therapy in various tumors are in progress, while anti-PD-L1 trials in
UCS are ongoing. We found that 70% of PD-L1 positive UCS co-express TIM-3 and its ligand Gal-9.
Significantly increased odds of the co-expression of Gal-9 and PD-L1 in tumor cells suggest the
involvement of both the PD-1/PD-L1 and TIM-3/Gal-9 axes in UCS and potential interaction between them.
In addition, although not statistically significant, positivity for all 3 markers appeared to be more common in
low rather than high stage tumors, which could suggest a better response to immunotherapy in earlier
disease. Should PD-L1 therapeutics be approved for UCS, the further investigation of anti-TIM-3 agents as
a combination immunotherapeutic regimen could be warranted.
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Potential Influence of MHC Class I Expression in Uterine Carcinosarcomas on the Outcome
of PD-L1 Immunotherapy
Background: The Major Histocompatibility Complex (MHC) class I is a cell surface protein expressed in all
nucleated human cells which presents portions of intracellular proteins to cytotoxic T-cells. Tumor cells
displaying their neoantigens on MHC class I are vulnerable to immune attack. Loss of MHC class I
expression in cancer acts as an immune evasion mechanism upstream of the PD-L1 pathway and has not
yet been evaluated in uterine carcinosarcomas (UCS).
Design: MHC class I expression was assessed by immunohistochemistry in 37 UCS, including 18 low
clinical stage (stage I and II) and 19 high stage (III and IV). The results were compared with PD-L1
expression and mismatch repair protein (MMR) status. Membranous and cytoplasmic expression of MHC
was scored as intact (<90% positive), subclonal loss (10-90% positive), and diffuse loss (<10% positive) in
the epithelial component, stromal component, or both. PD-L1 positivity was scored as 5% or more of partial
or complete membranous staining. Tumors were designated as MMR intact when they retained expression
of MLH1, PMS2, MSH2, and MSH6.
Results: The majority of UCS (26 of 37, 70%) showed either subclonal (25) or complete (1) loss of MHC
class I expression. Fifteen of 26 UCS with lost MHC class I expression (58%) were PD-L1 positive,
including 6 MMR deficient and 9 MMR preserved tumors. The intact MHC class I expression was present in
11 tumors (30%), six of which were PD-L1 positive, including 2 MMR deficient and 4 MMR preserved (Table
1). Expression in the intact and subclonal loss groups was mostly seen in the epithelial component (68% of
tumors). Furthermore, the group with subclonal loss showed heterogeneous staining patterns; 16 UCS
exhibited patchy strong to moderate staining, surrounded by negative foci (>60%). The MHC class I staining
pattern did not show any significant correlation with either low or high clinical stage tumors.
Conclusion: Clinical trials for anti-PD-L1 therapy in UCS are ongoing. MHC class I expression has not been
yet investigated in UCS, but in advanced stage endometrial carcinoma, it is considered an important
biomarker qualifying for immunotherapy in PD-L1 positive tumors, regardless of MMR status. Of our PD-L1
positive UCS, 58% showed either subclonal or diffuse loss of MHC expression, which may reveal a subset
of patients who might not respond to anti-PD-L1 therapy.
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Differential Expression of Immune Related Genes in the Components of Dedifferentiated
Chondrosarcoma by RNA Sequencing
Background: Dedifferentiation in chondrosarcoma (CS) is associated with poor survival and therapeutic
options are limited. The possibility for emerging immune therapies applied to CS represents an alternative
to surgical resection. We attempt to understand the differential expression of immune related genes in
matched dedifferentiated (DD) and well differentiated (WD) components of DDCS.
Design: 8 DDCS were identified in the institutional archives. H&E slides corresponding to WD and DD areas
of the tumors were circled and 10 um thick FFPE sections were cut, deparaffinized and RNA was extracted
by standard methods. The yield was checked and samples were submitted for RNA sequencing. 3 cases
had been previously sequenced by Trueseq stranded total RNA. These were excluded from pathway
analysis due to batch effect. 5 cases were subjected to RNA Exome and SMART sequencing. Data analysis
was performed using Edge R 4.0 and pathway/network analysis was achieved through Qiagen IPA. The GO
category 0050776 immune gene list was interrogated in conjunction with the RNA sequencing data. A
subset of genes was selected based on network relevance and expression level. Statistical significance was
set at <0.05 (right tailed Fisher’s Exact test).
Results: Dedifferentiated components of DDCS demonstrated increased expression of genes related to
activation of B and T lymphocytes and granulocytes, phagocytosis of phagocytes and degranulation. At the
same time, DDCS showed greater cytotoxicity of lymphocytes, NK cells and cytotoxic T cells, p<0.05.
Conclusion: The immune environment of DDCS is complex. In the DD component there is increased
expression of several genes involved in immune regulation as compared to the WD component. Both
activators and suppressors of immune mediation by the tumor were observed, potentially representing
therapeutic targets.
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Expanding the Molecular Genetic Spectrum of Adult Bone and Soft Tissue Fibrosarcomas:
An Institutional Experience
Background: Fibrosarcomas, once comprising the majority of unclassifiable spindle-cell sarcomas, are now
regarded as a diagnosis of exclusion constituting <1% of adult sarcomas. This shift in fibrosarcoma
diagnosis incidence is likely due to novel defining genetic alterations. Prompted by an index report of
NTRK3 fusion in adult-type fibrosarcomas by Yamazaki et al., bone/soft tissue tumors diagnosed as
fibrosarcoma at our institution were evaluated, using NGS RNA Fusion analysis and DNA/RNA sequencing,
for the presence of novel gene alterations, including NTRK-related fusions, in an attempt to expand the
genetic spectrum of fibrosarcomas and identify therapeutically targetable cases.
Design: Institutional archives were searched for cases diagnosed as “fibrosarcoma” involving bone/soft
tissue from 2000-present. Thirty cases were identified, 6 were excluded (2 metastatic disease, 3 recurrent
disease and 1 re-excision of residual disease). Of the remaining 24 cases, 13 cases had formalin fixed
paraffin embedded tissue blocks available for molecular testing. RNA for 12 cases was extracted from the
neoplasms and subjected to NGS RNA Fusion analysis and 1 case was sent for DNA/RNA sequencing
(FoundationOne®).
Results: Clinicopathologic results, including the presence/absence of gene fusions or molecular aberrations,
are summarized in Table 1. At the time of diagnosis, the mean age was 57 (range 14-88) with a male to
female ratio of 1.6:1. Locations included soft tissue of the lower extremity (3), upper extremity (2), trunk (3),
and pelvis (2), bone (2), and lymph node (1). Tumor grade included low-grade (5), intermediate-grade (1),
and high-grade (7). Of the 13 cases, 1 case demonstrated a FNDC3B-PIK3CA gene fusion, and 1 case
demonstrated a BRAF (G469A) mutation and loss of CDKN2A/B.
Conclusion: Two of 13 (15%) cases diagnosed as fibrosarcoma at our institution over the past 20 years
demonstrated specific molecular aberrations, including 1 case with FNDC3B-PIK3CA gene fusion and 1
case with BRAF (G469A) mutation and loss of CDKN2A/B. NTRK-related gene fusions were not identified.
The significance of such molecular aberrations in the setting of fibrosarcoma is not clear, and future studies
are needed to establish whether these findings carry clinicopathologic significance. Alternatively, our data
suggests that bone/soft tissue fibrosarcomas rarely harbor NTRK-related gene fusions; however, it may still
be clinically advantageous to keep evaluating for these therapeutically targetable gene fusions.
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Aptima hr-HPV Assay in HSIL: 939 cases
The Aptima high-risk HPV(hrHPV) assay, which targets E6/E7 mRNA, has shown superior sensitivity and
specificity in the literature. The present study aims to evaluate Aptima assay results in women with HSIL
cytology and correlation with histopathologic outcomes.
Cytology cases with HSIL diagnosis and co-testing of Aptima hrHPV assay were retrospectively reviewed
from June 2015 to October 2020 in our archive. Cervical histopathology results within 6 months were also
reviewed as follow-up for correlation. The results in 3 age groups (young: younger than 30, middle: 30 to 49;
old: older than 50) were compared. HSIL cytology with negative Aptima assay were reviewed by 8
reviewers in a blinded fashion.
939 cytology HSIL cases with Aptima hrHPV assay were identified, of which 733 have six-month cervical
histopathology for outcome correlation. Aptima HPV detection rate is similarly high among all age groups
[96.6% (young) vs 95.6% (middle) vs 91.9% (old), p>0.4, chi-square test]. Histopathology outcome patterns
are similar in the young and middle age groups (p>0.6), but are distinct in the old age group (p<0.001) with
lower proportion of CIN2+ (CIN2 and above) cases [79.2% (young) vs 77.0% (middle) vs 55.4% (old)].
Aptima assay positivity shows additional predictive value for CIN2+ over CIN1- (less than CIN1) in the
young and middle age group (odds ratio 6.32, p <0.0001), but less significant in the old age group (odds
ratio 2.32, p>0.18). Of note, 2.4% (13/537) CIN2+ cases are Aptima hrHPV assay negative. In blindreviewed Aptima negative HSIL cases, there is a lower inter-observer agreement of HSIL diagnosis in lowgrade lesions by biopsy (63.1% vs 78.1%).
Aptima hrHPV positive detection rate is high in HSIL women. It shows additional diagnostic value to
cytopathology in women less than 50 years old. Importantly, however, a subpopulation (2.4%) of HSIL
women who have developed CIN2+ lesions were not detected by Aptima hrHPV alone, highlighting the
screening value of cytopathology in conjunction with HPV testing. Lower inter-observer agreement of
diagnosis in Aptima negative HSIL cases indicates potential clinical value of Pap test review.

Category: Post-Graduate, Clinical Research
Author:

Shikha Malhotra, MD

Poster Number: J5

Contact:
malhotras8@upmc.edu
Mentor:
Dr. Sarah Wheeler
Co-Authors: Sarah E. Wheeler

Retrospective pilot of utility of SARS−CoV−2 serology in decision making when molecular
testing was delayed
Context: Nucleic acid amplification tests (NAAT) are the diagnostic gold standard for coronavirus disease
2019 (COVID-19). However, difficulties with sampling, turnaround times, and test shortages created gaps in
testing in many hospitals in spring 2020. Reliable serologic testing was fast, widely available and did not
require the technical expertise of many NAAT platforms. In the above situation we undertook a retrospective
pilot study to ascertain the clinical value of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
antibody testing in patients presenting to our hospital for medical care and having SARS-CoV-2 molecular
testing ordered.
Design: Our goal was to correlate NAAT and serology from within 24 hours of presentation. All cases (n=81)
with adequate residual specimen for serologic testing were included. NAAT was performed using the
Cepheid GeneXpert® platform (Sunnyvale, CA, USA) or a Laboratory Developed Test based on the
Centers for Disease Control and Prevention protocol. Serologic total SARS-CoV-2 antibody testing was
performed on the Siemens ADVIA Centaur® XP system (Erlangen, Germany).
Results: 16 of 81 cases had reactive serology of which 14 had molecularly detectable infection. The
correlation between reactive serology and molecular detection was seen in both symptomatic and
asymptomatic individuals. Non-reactive serology (n = 65) correlated with negative NAAT results in
asymptomatic individuals (n=13/15) but not in symptomatic individuals (n=24/50). Conclusions: This study
indicated that reactive serologic testing could be another clinically useful tool for triaging suspected
Coronavirus disease 2019 patients when molecular testing was not immediately available. Prior history of
SARS-CoV-2 infection and population prevalence should also be considered.
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Role of Hexokinase-1 and LAMP-1 Immunohistochemistry to Differentiate Oncocytoma and
Chromophobe Renal Cell Carcinoma from other Renal Neoplasms
Background: Renal oncocytomas (RO) are benign and chromophobe renal cell carcinomas (chRCC) are
malignant neoplasms of the kidney, respectively with overlapping histomorphology. In an effort to design
new diagnostic modalities for kidney tumors, a proteomics-based approach was utilized to study differential
protein expression on biopsies of 5 RO, 5 chRCC, 7 clear cell renal carcinoma (ccRCC), 5 papillary renal
cell carcinoma (p RCC) and 5 normal adjacent tissue (NAT) samples. Top differentially expressed proteins
were identified as potential novel biomarkers. Of these biomarkers, hexokinase (HK-1) is involved in the
glycolysis pathway and lysosomal associated membrane protein -1 (LAMP-1) presents carbohydrate ligand
to selectins and shuttles between endosome-lysosome membrane and plasma membrane. The aim of this
study was to validate these biomarkers by using immunohistochemistry (IHC).
Design: Tissue micro-arrays (TMAs) were constructed using 4 cores of RO (n=30), chRCC (n=12), ccRCC
(n=40), p RCC (n=26) and 1 core of NAT (n=20). IHC was performed using rabbit monoclonal antibodies for
proteins: HK-1 [EPR10134(B), Abcam] and LAMP-1 (EPR4204, Abcam). Granular cytoplasmic staining of
any intensity was considered as positive. Granules were scored as (0=negative, 1=focal, 2=moderate,
3=abundant) for HK-1 and (0=negative; D=diffuse, A=apical, F=focal) for LAMP-1. Percent positivity of the
cells was also recorded.
Results: Figures 1 and 2 summarizes HK-1 and LAMP-1 IHC results. HK-1 showed diffuse positivity in most
ROs. With a cut-off of 2 or above score and >90% cells positivity; HK-1 has a sensitivity of 96.7% and a
specificity of 98.7% to distinguish ROs from other renal neoplasms. LAMP-1 showed diffuse positivity in
chRCCs and apical or focal positivity in ROs. Diffuse LAMP-1 staining has a sensitivity of 91.7% and
specificity of 100% to distinguish Chromophobe RCC from other renal neoplasms. Both markers showed
variable positivity in normal kidney tissue and were negative in most ccRCCs and pRCCs.
Conclusion: Novel biomarkers identified using proteomic profiling can discriminate renal neoplasm
subtypes. Our preliminary data shows that HK-1 and LAMP-1 may emerge as sensitive and specific
biomarkers for ROs and chRCCs respectively that would be useful to differentiate them from other renal
neoplasms.
Figure 1: Hexokinase-1/HK-1 and lysosomal associated membrane protein-1/LAMP-1 expression in renal neoplasms renal
oncocytoma (RO) , chromophobe renal cell carcinoma (chRCC), clear cell renal cell carcinoma (ccRCC) and papillary renal cell
carcinoma (p RCC)
Figure 2: Bar diagrams showing hexokinase-1/HK-1 and lysosomal associated membrane protein-1/LAMP-1 expression in renal
neoplasms renal oncocytoma (RO) , chromophobe renal cell carcinoma (chRCC), clear cell renal cell carcinoma (ccRCC) and
papillary renal cell carcinoma (p RCC)
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Triple negative breast cancers with low Ki-67 labeling index:
Clinical pathologic characteristics and response to neoadjuvant chemotherapy
Background: Triple negative breast cancers (TNBC) are the most aggressive type of cancers with high
tumor cell proliferation. Most TNBCs show Ki-67 proliferation index of over 50%. When treated with
neoadjuvant chemotherapy (NACT), pathologic complete response (pCR) is seen in 30-40% of cases.
Although tumors with pCR are often considered “cured”, morbidity and mortality remains high due to
recurrence in cases with residual disease (triple negative paradox). In contrast, the incidence of TNBC with
lower cell proliferation index, their clinical features, particularly response to NACT remains unknown.
Design: We queried our institutional database (10 year) for TNBC with Ki-67 proliferation index of 30% or
lower (TNlowKi). The search yielded 137 cases. Of these, 31 (excludes stage IV patients) were treated with
neoadjuvant chemotherapy. The clinical features of these 137 cases are reported. Although we suspect
special subtype breast cancers, basal luminal AR type, etc. to be represented in this cohort, a formal
Pathology slide review is currently pending. Analysis of response to NACT is also reported.
Results: TNlowKi tumors represent <2% of all breast cancers and ~10% of TNBC. Please see table 1 for
detailed patient and tumor characteristics. In contrast to what is expected with usual TNBC, the patients
with TNlowKi are slightly older, have smaller tumor size, and lower tumor grade. With average follow up of
67 months, the distant recurrence free survival was 85%, overall survival of 77% and breast cancer specific
survival of 86%. Tumor stage was prognostic (see figure). Overall, 57% of the patients received
chemotherapy with increasing use in higher stage patients. Among 68 stage I patients, only 26 (38%)
received chemotherapy, but this did not impact distant recurrence free and overall survival (see figure). Of
the 31 stage I-III patients treated with neoadjuvant chemotherapy, 3 (10%) showed pCR, 1 (3%) residual
cancer burden (RCB) class I, 17 (55%) RCB-II, and 10 (32%) RCB-III. Three pCR and one RCB-1 patients
were pre-therapy clinical stage II, had Ki-67 index of 20% or lower, did not recur and were alive at last follow
up.
Conclusions: Despite low Ki-67 labeling index, some cases do respond completely to neoadjuvant
chemotherapy and have excellent prognosis. Due to overall good prognosis of stage I patients and lack of
clear benefit in early stage disease, chemotherapy can be safely withheld in select stage I triple negative
tumors with low Ki-67 labeling index.
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