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Research Highlights

Confocal Imaging Core
In 2015, the Confocal Imaging Core in the Cincinnati Children’s Research Foundation (CCRF) underwent a number of changes to

improve investigator access to equipment and add technical capabilities to the core. We added 3 Nikon A1(R) confocal microscopes with
advanced diode-based laser launches in 2015 and early 2016. We also added a new high-speed wide-field inverted microscope with
support from the Perinatal Institute and funds from the Division of Neurosurgery. Finally, an upright wide-field microscope was recently
installed. The upright microscope will be in the Division of Pulmonary Biology. The CCRF purchased a new IVIS Spectrum CT managed
by the CIC and housed in the veterinary services barrier facility. This system allows luminescence, fluorescence and microCT imaging of
whole mice and rats for short and long-term studies. Usage on confocal and multiphoton microscopes exceeded 12,000 hours for
calendar year 2015. Users also booked over 5,000 hours of wide-field microscope time and 6,500 hours of image analysis time. The CIC

staff also trained 100+ new users on confocal, multi-photon, and wide-field microscopy as well as image analysis.

2015 was the CIC’s first full year as a national Nikon Center of Excellence. As part of this partnership, Cincinnati Children's CIC hosted
visitors from a variety of institutions from across the United States, Mexico and Canada. Additionally, Nikon donated two high-end image
analysis computers to the CIC to enhance our image analysis capability. The CIC and Nikon have been partnering on improving image
analysis methods and imaging techniques such as Enhanced Resolution and SRRF.
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The CIC added equipment and technical training in techniques to enhance users research. T93he 3022 Nikon A1R GaAsP system
added luminescence imaging. This allows investigators to visualize luminescence at single-cell level. Also, the CIC began training users
in new clearing techniques including Clarity, PACT, SeeDB, Cubic, and X-Clarity. Core personnel evaluated commercial clearing devices
and added the Logos X-Clarity chamber to its shared equipment. The X-Clarity chamber is capable of clearing an adult mouse brain in
as little as 3 hours. Finally, the CIC has implemented new techniques for super-resolution including Nikon’s Enhanced Resolution (ER)
and Super Resolution Radial Fluctuations (SRRF). ER provides lateral resolution to 140nm. SRRF provides localization based
resolution to 50-100nm.

The CIC hosted Dr. Scott Fraser, PhD, an internationally known researcher for a CCRF lecture in the Perinatal Seminar Series as well as
a technical presentation as part of ORVCA Imaging and Cytometry Day.

The CIC director, Dr. J. Matthew Kofron, PhD, gave the following presentations:
e 2015 ORVCA Imaging and Cytometry Day: Breakout session on single molecule FISH
e 2015 MCB seminar series
e 2015 DHC seminar series
e 2015 Nikon Pan-American meeting
e 2016 ORVCA Imaging and Cytometry Day: Breakout session on new super resolution techniques.
e 2016 Midwest ABRF meeting: Balancing budgets and institutional needs for technological advancement.

e The CIC provided 40 letters of support for investigator grant applications.

Yutaka Yoshida Publication

The Yoshida lab published in Nature Neuroscience. This paper is a significant for finding a possible treatment for suppressed immunity
from spine injuries. Infection, a consequence of immune suppression, is the leading cause of death for people with spinal cord injuries
(SCls). However, the underlying mechanisms are unknown. We show that profound plasticity develops within spinal autonomic circuitry
below the injury, creating a sympathetic anti-inflammatory reflex. We further show that inhibition of neuronal activity involved this reflex
circuitry blocks post-SClimmune suppression. These data provide new insights and potential therapeutic options for limiting the

devastating consequences of post-traumatic autonomic hyperreflexia and post-injury immune suppression.

Recruitment of Takanori Takebe
The Divisions of Developmental Biology, Pulmonary Biology, and Gastroenterology, Hepatology and Nutrition have jointly recruited Dr.

Takanori Takebe, MD (Taka). Taka is a world leader in developing liver and kidney organoids, and is particularly known for his dedication
to reducing his technology to clinical practice. He won the "The 2016 NYSCF — Robertson Stem Cell Investigator Award”, an R0O1
equivalent grant, for applying human iPSC-derived liver organoid towards the treatment of pediatric liver disease model. His work is
highlighted as the best paper of 2015 in Cell Stem Cell.

Gene Expression Core
The Gene Expression Core works to stay at the forefront of small sample gene expression profiling. The Core purchased a Fluidigm C1

microfluidics machine three years ago for the RNA-Seq analysis of single cells. The Fluidigm C1 brought the capacity to carry out RNA-
Seq analysis of single cells in a high throughput robotics driven manner. The machine places individual cells in discrete chambers and
carries out a series of biochemical amplification reactions. The Fluidigm performs the amplifications in nanoliter volumes, which results in
less nonspecific product and conserves reagents. It can optimally process about 96 cells per run. Because of the high use and limited
availability of our Fluidigm C1 we purchased another machine in 2016.

In 2015, the McCarroll Lab described another technology for single cell RNA-Seq, called Drop-Seq. The Drop-Seq approach is quite
remarkable in that it allows analyzation of many thousands of cells at a much reduced cost per cell. The conceptis that a very simple and
inexpensive microfluidics device creates nanodrops including a single bead and a single cell. Oligonucleotides coats the bead that
carries a 12 base bead specific barcode. The RNA anneals to the polyT part of these oligos of a lysed cell. cDNA, made from the RNA,
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incorporates the bead unique barcode, allowing the resulting RNA-Seq reads to be assigned to this specific cell. The net resultis that the
drops can be broken and the beads all combined into a single tube for subsequent reverse transcription and processing. Post RNA-Seq
the reads can be deconvoluted to determine which reads came from which cell. The net result is that this technology allows RNA-Seq
analysis of many thousands of cells, at a greatly reduced cost per cell compared to Fluidigm. During the past year the Gene Expression
Core has set up Drop-Seq technology and carried out about 50 runs to optimize the procedure. For example, we have defined the single
cell RNA-Seq profiles of several thousand mouse embryonic kidney cells. Another example is in the analysis of the developing mouse
lung, as part of the LungMap consortium. Fig. 1 shows the results of a Drop-Seq analysis of about12,000 P7 mouse lung cells, with the
many cells divided into specific types using the Seurat program. Fig. 2 shows a heatmap of gene expression patterns of P3 mouse lung
cells.

Trangenic Animal and Genome Editing (TAGE) Core
The fiscal year 2016 (FY16) was a productive year for the Transgenic Animal and Genome Editing Core (TAGE). Its newly established

CRISPR service remained in high demand in FY16. There were 48 requests for mutant mouse (or rat) production and 8 requests for cell
editing-related services throughout the year. We also launched a new service for targeted transgenesis using the TARGATT system that
allows the direct inserstion of the transgene directly into the safe harbor locus in mice, instead of random integration. This service saw
the completion of three projects. The conventional transgenic services also remained in high demand in FY16. We received 32 requests
for the pronuclear injection, 92 for embryo transfer (re-derivation), 4 for blastocyst injection, 20 for in vitro fertilization, and 45 for sperm

cryopreservation.

To deal with the high demand for services, the TAGE core had undergone a number of changes in personnel, facilities, and the
experimental procedures in FY16. We recruited a research associate, Celvie Yuan, as a replacement for Huirong Xie who left for
Michigan State University, to perform CRISPR services, animal surgery, and in vitro fertilization service. We also hired a new tech, Evan
Barr-Beare, to perform molecular biology experiments, animal surgery, and other mouse work. These two new additions greatly reduced
the backlog of service requests and increased our revenue. The revenue they generated was able to cover and exceed the costs of their
salary and benefits.

Because most of our services require the use of animals, the number of animals the animal room is able to hold became another limiting
factor for our services. To address the issue, Cincinnati Children’s Hospital Research Foundation, and the Veterinary Services, provided
the support and renovated the mouse room to increase the capacity from 420 to 598 mouse cages. The renovation also included two
new animal hoods for changing cages and a brand new surgical hood to replace the old one that was partially functional. These new
hoods allow for simultaneous performance of a variety of tasks. For instance, we can perform surgery and mouse biopsy at the same time
when the Veterinary Services tech is changing the cages. The animal room renovation has substantially improved the effectiveness,
flexibility, and availability.

We understand that increasing the efficiency of our services can improve the service flow, reduce the failure rate, cut the costs, and bring
in more business. While providing the services, we constantly optimized every step of the procedures and tested new methods and
reagents to improve the efficiency. The TAGE core director and staff also attended international conferences and workshops to gain new
skills and knowledge. We also hosted cross-division journal club to ensure that our techniques are up-to-date. As a consequence, we
had a low failure rate and a high efficiency in CRISPR services and other services, including in vitro fertilization, blastocyst injection, and
sperm cryopreservation. Our results have impressed people around the world via presentations at conferences.

The TAGE director gave the following presentations:
e 2015 MCB seminar series
o 2015 Heart Institute seminar series
e 2015 Genome Engineering: CRISPR/Cas Revolution meeting, Cold Spring Harbor, NY
e 2016 Association for Research in Vision and Ophthalmology annual meeting, Seattle, WA

e 2016 Pulmonary Biology Division meeting 2016 ORVCA Imaging and Cytometry Day
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e 2016 Midwest ABRF meeting

The TAGE has provided more than 40 letters of support for investigator grant applications in FY16.

Pluripotent Stem Cell Facility

The mission of the Pluripotent Stem Cell Facility (PSCF) is to facilitate and support human pluripotent stem cell (hPSC) research at
Cincinnati Children's Hospital Medical Center by providing centralized access to state-of-the-art human pluripotent stem cell
technologies as well as reagents, expertise and training. Since the PSCF creation in 2008, we have provided services to >85 faculty
members from Cincinnati Children's and numerous external institutions. Fiscal year 2016 saw an increase in demand for each of our
major services. The generation of human induced pluripotent stem cell (iPSC) lines increased to 40 successfully completed projects in
FY 2016 (compared to 18 in FY 2015 and 25 in FY 2014). These cells are now used in disease modeling applications at Cincinnati
Children's and several external institutions. A key facet of our mission is dissemination of hPSC technologies to Cincinnati Children's
investigators through training. In FY 2016, the total number of hands-on training courses delivered by the PSCF increased to 23 in FY
2016 (compared to 19 in FY 2015 and 20 in FY 2014).

The PSCEF is responsible for the continued development/implementation of key hPSC technologies to ensure that Cincinnati Children's
investigators have access to cutting-edge hPSC reagents and technologies. In FY 2016, the PSCF began implementing methods for the
efficient genome editing of hPSCs using CRISPR/Cas9 technologies. These efforts are in collaboration with the Transgenic Animal and
Genome Editing (TAGE) core (Dr. Yueh-Chiang Hu). All routine procedures including the transfection and cloning of hPSCs have been
optimized and a basic hPSC genome editing service is now available to our clients (our first project has been successfully completed).
We are continuing work to identify the most efficient methods to introduce and express CRISPR/Cas9 components to hPSCs in order to
increase the robustness of these protocols. In the last year, we have also continued to optimize and improve methods for the generation
of iPSCs. This includes the implementation of a new technique to generate iPSCs from blood samples, which has resulted in a ~10-fold
increase in the efficiency of iPSC formation. We have also tested and begun to optimize methods for the generation of iPSCs from urine
samples. Preliminary studies have been successful and we have generated iPSCs from urine-derived kidney epithelial cells using both

integrating (lentivirus) and non-integrating (episomal plasmids) reprogramming methods.

Finally, in FY20186, in collaboration with Dr. Ying Sun, PhD, in the Division of Human Genetics, Dr. Christopher Mayhew, PhD, received a
pilot grant to study the therapeutic efficacy of iPSC-derived neural progenitors in a mouse model of neuronopathic Gaucher Disease
(nGD). This grantinvolves the generation of human and mouse iPSCs harboring nGD mutations. Using CRISPR/Cas9 and iPSCs,
corrected mutations are differentiation to neural progenitor cells (NPCs). Researchers administer a subset of these corrected NPCs to
nGD mice by intravenous injection. Then they assess the ability of these cells to cross the blood-brain barrier, enter the CNS, and impact
nGD phenotypes. In the first year of funding of this grant, we have optimized IV delivery (dose/schedule) and detected donor NPCs in the
CNS of nGD mice. Furthermore, evidence of therapeutic benefit can be demonstrated by improved measures of key physiological
consequences of neurodegeneration in nGD mice. These encouraging preliminary data have resulted in the awarding of a second year
of funding for this grant. Larger foundation and National Institutes of Health grant applications are in progress.

Significant Publications

Chen S, Brunskill EW, Potter SS, Dexheimer PJ, Salomonis N, Aronow BJ, Hong Cl, Zhang T, Kopan R. Intrinsic Age-Dependent
Changes and Cell-Cell Contacts Regulate Nephron Progenitor Lifespan. Dev Cell. 2015 Oct;1235(1):49-62.
Chen et al. explored the control of nephron progenitor lifespan which determines the number of nephrons an individual has by
single-cell transcription profiling and heterochronic cell transplantation. They observed progressive age-dependent changes with
increasing heterogeneity in older populations. Young cells can “rejuvenate” older progenitors, and age dependent changes alter the

niche environment, affect inter-progenitor interactions, and contribute to the cessation of nephrogenesis.

Hass MR, Liow HH, Chen X, Sharma A, Inoue YU, Inoue T, Reeb A, Martens A, Fulbright M, Raju S, Stevens M, Boyle S, Park JS,
Weirauch MT, Brent MR, Kopan R. SpDamID: Marking DNA Bound by Protein Complexes Identifies Notch-Dimer Responsive
Enhancers. Mol Cell. 2016 Oct 6:64(1):213.
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Hass et al. developed SpDamID by splitting DAM into inactive halves. Proximity-enabled DAM reconstitution methylates adenine in
GATC on genomic DNA bound in vivo by interacting or juxtapositioned transcription factors. SpDamlID is a powerful tool that enables
dynamic analysis of combinatorial protein interactions with DNA at a genome-wide level.

Imai F, Ladle DR, Leslie JR, Duan X, Rizvi TA, Ciraolo GM, Zheng Y, Yoshida Y. Synapse Formation in Monosynaptic Sensory-Motor
Connections Is Regulated by Presynaptic Rho GTPase Cdc42. J Neurosci. 2016 May 25;36(21):5724-35.
This study shows that Cdc42 regulates synapse formation of monosynaptic sensory-motor circuits.

Rankin RA, Han L, McCracken KW, Kenny AP, Anglin CT, Grigg EA, Crawford CM, Wells JM, Shannon JM, Zorn AM. A Retinoic Acid -
Hedgehog Cascade Coordinates Mesoderm Inducing Signals and Endoderm Competence During Lung Specification. Cell Rep.
2016 Jun 28;16(1):66-78.
The complex genetic networks controlling fetal lung development are poorly understood. Rankin and Han et al., show thatan
evolutionarily conserved cell signaling cascade coordinates tissue interactions that are essential for initial development respiratory
system in frogs, mice and human stem cells. This work informs our understanding of congenital birth defects and our ability to make
human lung tissue in a dish for regenerative medicine.

Ueno M, Ueno-Nakamura Y, Niehaus J, Popovich PG, Yoshida Y. Silencing Spinal Interneurons Inhibits Inmune Suppressive
Autonomic Reflexes Caused by Spinal Cord Injury. Nat Neurosci. 2016 Jun;19(6):784-7.
This study shows reorganization of spleen-spinal cord circuitry after spinal cord injury, and inhibition of excitatory interneurons
inhibits immune suppression.
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