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ANTENATAL ADMINISTRATION OF AMNIOTIC FLUID STEM CELL EXTRACELLULAR
VESICLES RESCUES FETAL LUNG VASCULAR DEVELOPMENT BY MODULATING YAP
EXPRESSION VIA DELIVERY OF LNCRNA TUG1

Rebeca Figueira, RN, PhD, Jessie Lu, Fabian Doktor, MD, Giuseppe Speziale, Kasra Khalaj,
PhD, MSc, Lina Antounians, MSc, Augusto Zani, MD, PhD, FACS, FAAP

The Hospital for Sick Children, Toronto, ON, Canada

Abstract: Purpose: Impaired fetal lung vascular development secondary to congenital
diaphragmatic hernia (CDH) leads to postnatal pulmonary hypertension, a primary determinant
of poor outcomes. The pathophysiology of CDH-induced lung vascular remodeling and the role
of mechanical compression on fetal lung vasculature remain incompletely understood.
Antenatal administration of amniotic fluid stem cell extracellular vesicles (AFSC-EVs) has been
reported to rescue fetal lung vascular development in experimental models of CDH. Herein, we
investigated the effects of mechanical compression on lung vascular development and explored
the AFSC-EV mechanism of action on the lung vasculature.

Methods: EVs were isolated from rat and human AFSC conditioned medium by
ultracentrifugation and characterized for size, morphology, and EV markers. Fetal lungs from
rat (IACUC#652100) and human (IRB#10-0128-E) models of CDH were assessed for vascular
density, medial wall thickness (MWT) of pulmonary arteries, and the expression of markers of
angiogenesis as well as Hippo signaling, a mechanosensory pathway activated by mechanical
compression. CDH lung autopsy samples were used for validation. To explore AFSC-EV
mechanism, we conducted inhibition studies for long non-coding RNAs (IncRNAs) contained in
the AFSC-EV cargo using RNA interference (RNAi)-mediated knockdown.

Results: Mechanically compressed rat (n=6 per group) and human (n=6 per group) fetal lungs
exhibited decreased vascular density, increased media wall thickness (MWT), and reduced
expression of markers related to angiogenic and Hippo pathways, including YAP (main pathway
effector). These features in our experimental models were similar to fetal lung specimens from
CDH autopsy studies (n=4). Treatment with AFSC-EVs restored normal lung vasculature and
expression of angiogenic and Hippo pathway markers (Fig1A-E). Inhibition studies revealed
that AFSC-EV cargo restored YAP expression by delivering IncRNA TUG1 (Fig.1F-G).
Statistical analysis: One-way ANOVA and Kruskal-Wallis. P< 0.05 was considered significant.

Conclusion: This study shows that mechanical compression impairs fetal lung vascular
development with disruption of the Hippo pathway. Antenatal administration of AFSC-EVs
rescues vascular development by modulating YAP expression via delivery of IncRNATUG1.




This study adds to our understanding of the pathophysiology of CDH-induced vascular
remodeling and reveals a promising new cell-free strategy to restore fetal lung vascular
development.

Abbreviations: YAP (Yes-associated protein-1)
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RETAINED TRANSITION ZONE OR RECTAL REMODELING? REDO PULL-THROUGH
IMPROVES OUTCOMES IN HIRSCHSPRUNG DISEASE REGARDLESS OF ETIOLOGY

Shruthi Srinivas, MD, MPH', Elizabeth Thomas, MS', Megan A. Read, MD", Raj Kapur, MD,
PhD?, Vinay Prasad, MD', Caitlin A. Smith, MD3, Richard J. Wood, MD*

1Nationwide Children's Hospital, Columbus, OH, USA, 2Seattle Children's Hospital, Seattle,
WA, USA, 3Seattle Children’s Hospital, Seattle, WA, USA, 4Nationwide Children’s Hospital,
Columbus, OH, USA

Abstract: Purpose

Surgical management of Hirschsprung disease (HSCR) involves pull-through (PT) of ganglionic
bowel with coloanal anastomosis. Postoperative obstructive symptoms and difficulty stooling
may persist into childhood, resulting from PT of an incompletely ganglionic segment, known as
transition zone PT (TZPT), or from postoperative remodeling. We aimed to determine the
incidence of TZPT and compare those with TZPT to those with remodeling.

Methods

We performed a retrospective review of children with HSCR who underwent PT followed by full-
thickness biopsy for obstructive symptoms from 2012 - 2023. Pathology from initial PT was re-
reviewed by a blinded team of pathologists and classified as TZPT based on established
criteria including residual aganglionosis, hypoganglionosis, or >2 hypertrophic nerves; if none of
these pathological findings were present, but the subsequent rectal biopsy was abnormal, the
patient was classified as remodeling. Preoperative and postoperative symptoms were
compared between groups. A p-value< 0.05 was considered significant.

Results

There were 232 patients that met inclusion criteria; about half (n=122, 52.6%) had abnormal
biopsies. Eight (6.6%) underwent redo PT for a mechanical reason alone, but most (n=77,
63.1%) underwent redo PT due to repeat biopsy concerning for TZPT. A representative sample
of 34 patients (44.2%) was available for review, of which most (n=21, 61.8%) had pathological
changes consistent with rectal remodeling as opposed to TZPT. There were no differences in
demographics and clinical characteristics between the two groups. Postoperatively, only three
patients (9.7%) remained irrigation dependent, and three patients (9.7%) continued to have
obstructive symptoms, with no difference in rates between TZPT and remodeling groups.

Conclusions

Clinical suspicion is high for transition zone pull-through (TZPT) in symptomatic patients with
Hirschsprung disease (HSCR) with abnormal rectal biopsy after initial pull-through (PT).
However, in a large cohort, incidence of pathologic TZPT was found to be lower than incidence
of rectal remodeling. Regardless of pathologic findings, presentation and postoperative
outcomes after redo PT were not different in TZPT compared to remodeling, and redo PT
resulted in excellent functional outcomes. In symptomatic patients with HSCR with any
postoperative pathologic changes on rectal biopsy, redo PT can be considered.

Abbreviations: HSCR: Hirschsprung disease
PT: pull-through
TZPT: transition zone pull-through
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FETAL LUNG MACROPHAGES CONTRIBUTE TO THE SEVERITY OF PULMONARY
HYPOPLASIA SECONDARY TO CONGENITAL DIAPHRAGMATIC HERNIA

Fabian Doktor, MD, Emily Lo, MD FRCPC FAAP, Victoria Fortuna, HBSc, Kaya Stasiewicz,
Rebeca Figueira, RN, PhD, Lina Antounians, MSc, Augusto Zani, MD, PhD, FACS, FAAP

The Hospital for Sick Children, Toronto, ON, Canada

Abstract: Purpose: Pulmonary hypoplasia secondary to congenital diaphragmatic hernia (CDH)
is characterized by impaired fetal lung growth and branching morphogenesis, arrested cell
differentiation, and impaired vascular development. Moreover, we and others have reported
that fetal hypoplastic lungs have a multilineage inflammatory profile with macrophage
enrichment. However, the role of macrophages in fetal pulmonary hypoplasia remains elusive.
Herein, we employed a knock-out mouse model of CDH to investigate whether macrophages
contribute to arrested fetal lung development.

Methods: Animals: B6.Cg-Csf1rtm1.1Jwp/J dams (AUP#64247) were either fed with
nitrofen+bisdiamine to induce CDH or olive oil only (control) at embryonic day (E) 8.5. Only
homozygous pups were included in this study, as they have a deletion of the Csf1r gene that is
essential for macrophage survival. At E18.5, pups were harvested and their lungs analyzed.
(Fig. 1A)

Outcome measures: Knock-out of macrophages was validated using genotyping,
immunofluorescence (CD68) and RT-gPCR for Cd206. Pulmonary hypoplasia was assessed
via mean linear intercept (MLI;H&E). Gene expression changes for lung branching
morphogenesis (Fgf10), epithelial and mesenchymal maturation (Pdpn, Ager, Eln), and fetal
lung vascularization (Cd31) markers were assessed via RT-gPCR.

Statistics: According to data normality (Shapiro-Wilk, D’Agostino-Pearson), unpaired t- or Mann
Whitney-U test were used to determine statistical significance (p< 0.05).

Results: Genotyping, immunofluorescence staining for CD68, and gene expression analysis for
Cd206 between control heterozygous/wild-type and control homozygous pups revealed
successful macrophage knock-out. (Fig. 1B) Macrophage deficient CDH fetal lungs were not
hypoplastic in comparison to macrophage deficient control lungs (Fig.1C). Further,
macrophage-deficient fetal CDH mouse lungs did not show alterations of genes indicative for
lung branching morphogenesis (Fgf10) epithelial and mesenchymal maturation (Pdpn, Ager,
Eln), and fetal lung vascularization (Cd31) when compared to macrophage-deficient control
lungs (Fig.1D).

Conclusion: This study is the first to show that macrophage deficiency prevents fetal mouse
with CDH from developing pulmonary hypoplasia. This opens avenues for the use of
macrophage immunomodulators as a novel therapeutic strategy to preserve normal fetal lung
development. Moreover, macrophages might be used as specific biomarkers to assess the
severity of pulmonary hypoplasia in CDH. Additional studies are underway to further elucidate
how macrophages contribute to lung inflammation in CDH.

Abbreviations:
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MESENCHYMAL STEM CELL THERAPY MODULATES INTESTINAL INJURY SEEN IN
NECROTIZING ENTEROCOLITIS: A PREMATURE PIGLET STUDY

Jasmine D. Lee, MD', Sharon Joseph, MD, MS?, Krishna Manohar, MD, MS?, Fikir Mesfin,
MD, MS?, Chelsea Hunter, MD?, John Brokaw, BS?, Christian Henriquez?, Chris Shelley, BAZ,
Jean Liu, PhD?, Christa Crain, BS, RVT, RLAT?, Robyn McCain, BS, LATg®, Timothy B.
Lescun, BVSc (Hons), MS, PhD*, Troy A. Markel, MD®, Gail E. Besner, MD®

1Indiana University, Indianapolis, IN, USA, 2Indiana University School of Medicine,
Indianapolis, IN, USA, 3Purdue University, Lafayette, IN, USA, 4Purdue University, West
Lafayette, IN, USA, 5Division of Pediatric Surgery, Department of Surgery, Indiana University
School of Medicine, Indianapolis, IN, USA, 6Nationwide Children's Hospital, Columbus, OH,
USA

Abstract: Necrotizing enterocolitis is a devastating gastrointestinal disease commonly affecting
premature infants. It is characterized by intestinal inflammation and necrosis, leading to
significant morbidity and mortality. Current treatment options are limited, highlighting the need
for innovative therapeutic strategies. Mesenchymal stem cell therapy has emerged as a
promising approach due to its potential to modulate inflammation and promote tissue repair. In
this study, we utilized a premature piglet model to investigate the efficacy of stem cell therapy in
mitigating the intestinal injury associated with NEC. We hypothesize that the administration of
stem cells will significantly reduce intestinal injury in a porcine model of NEC.

Premature piglets were delivered via cesarean section at 103/115 days gestation. Control
piglets were sacrificed on post-natal day 1. NEC was induced in the remaining piglets with TPN
starting on day 1 and hypertonic oral feeding via orogastric tube on day 3. MSCs were prepared
at three doses (LD=500,000 cells/kg, MD=1,000,000 cells/kg, HD=10,000,000 cells/kg) in
1.2mL of PBS and injected intraperitoneally on day 3. Untreated piglets (NEC group) were
injected with PBS alone. Piglets (n=6-8 per group) were monitored hourly for clinical
deterioration and euthanized early if criteria were met. The study concluded after 5 days. Each
piglet received a clinical score prior to euthanasia, and total weight gain or loss was
documented. During necropsy, an intestinal injury score was blindly assigned to each piglet
based on the gross findings of the bowel. A one-way ANOVA and post-hoc multiple
comparisons test was utilized to analyze the scores between the control, NEC, and MSC-
treated piglet groups, p< 0.05 was considered significant.

Macroscopic injury scores in the MD group were significantly reduced from the NEC group
(p=0.009). All the MSC groups showed significant reduction in clinical score from the NEC
group (LD:p= 0.049, MD:p=0.035, and HD:p=0.047).

This study is the first to demonstrate the therapeutic benefit of stem cells in a premature piglet
model of necrotizing enterocolitis. Additionally, we have demonstrated the clinical presentation
and gross intestinal injury associated with different doses of stem cells, aiming to identify the
optimal dosage for therapeutic effectiveness.

Abbreviations: NEC= Necrotizing enterocolitis
MSC= mesenchymal stem cells

TPN-= total parenteral nutrition

LD= Low dose

MD= medium dose




HD= high dose
PBS= Phosphate buffered saline
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A) Clinical scores on day 5. Score ranges from 0-4 per pig; 0-2 pts are given for abdominal
distension, 0-1 points are given for diarrhea, 0-1 points are given for hematochezia. B) Change in
weight from birth to euthanasia for each pig. C) Scores for proximal intestine, terminal ileum, and
colon were averaged for each pig. Score ranges from 1-6. D) Gross image of control pigs at
euthanasia on day 1. E) Gross image of MD-MSC pigs on day 5. F) Gross image of NEC pigs on
day 5.
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FLUORESCENCE GUIDED SURGERY WITH DINUTUXIMAB-DTPA-IR800 IN A RAT
MODEL OF NEUROBLASTOMA

Lauren T. Rosenblum, MD, PhD', Bhuvitha Chagantipati?, ReidAnn Sever, BAZ, W. Barry
Edwards, PhD®, Gary Kohanbash, PhD?, Marcus M. Malek, MD*

1University of Pittsburgh Medical Center, Pittsburgh, PA, USA, 2University of Pittsburgh,
Pittsburgh, PA, USA, 3University of Missouri, Columbia, MO, USA, 4Division of Pediatric
General and Thoracic Surgery, UPMC Children's Hospital of Pittsburgh, Pittsburgh, PA, USA

Abstract: Purpose: Complete resection is a critical component of treatment for high-risk
neuroblastoma, though 5-year-survival remains near 50%. Identifying and resecting the cancer
remains challenging due to hidden tumor deposits, encasement of neurovascular structures,
and indistinct tumor borders. Fluorescent or radioactive tracers can be targeted to cancer to
improve visualization and detection, in techniques known as fluorescence or radio-guided
surgery, respectively, or more generally as intraoperative molecular imaging (IMI).
Dinutuximab-DTPA-IR800 is an IMI tracer that targets GD2, a disialoganglioside that is highly
overexpressed in neuroblastoma, with a near-infrared fluorophore and a chelator for In-111.
Here, we present an animal experiment which simulates an established clinical trial design for
fluorescence guided surgery (FGS).

Methods: SK-N-BE(2) cells were injected into the left adrenal of RNU rats (N=5 male, 6 female)
to generate orthotopic xenograft neuroblastomas 5 weeks later. Four days after dinutuximab-
DTPA-IR800 was injected into the tail vein, complete resection of tumor and nodules (yellow
arrows in figure) was attempted with standard-of-care white light (non-IMI) surgery. The SPY-
PHI near-infrared camera was then used to assess the fluorescence of previously resected
tumor and to identify and resect residual fluorescent tissue (red arrows in figure). Presence of
neuroblastoma was then assessed pathologically for all resected tissue as well as tumor bed.
Sensitivity, specificity, PPV, and NPV were calculated from all resected tissue.

Results: Eleven primary tumors and 5 nodules were resected with white-light surgery, all of
which were confirmed neuroblastoma by pathology, and 13 of which were fluorescent. An
additional 20 nodules that were only identified by FGS were resected from 7 of the rats using
FGS, of which 14 were confirmed neuroblastoma by pathology. Two tumor beds had small
remaining disease deposits after FGS while 9 had no evidence of neuroblastoma on pathology.
Collectively, FGS had a sensitivity of 84%, specificity of 60%, PPV of 81%, and NPV of 64%.

Conclusions: We conclude that FGS with dinutuximab-DTPA-IR800 in a rat model of
neuroblastoma enables a more complete oncologic resection, supporting further development
and clinical testing of the tracer.

Abbreviations: IMI: Intraoperative Molecular Imaging
FGS: Fluorescence-Guided Surgery
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ANTICOAGULATION OF THE ECMO CIRCUIT WITH BIVALIRUDIN IN INFANTS WITH
SEVERE CONGENITAL DIAPHRAGMATIC HERNIA: THE PATH TO BETTER OUTCOMES?

Anne M. Sescleifer, MD', Charbel Chidiac, MD?, Zane J. Hellmann, MD?3, Alejandro V. Garcia,
MD', Daniel S. Rhee, MD*, Mark B. Slidell, MD?, Daniel G. Solomon, MD®, Shaun M. Kunisaki,
MD, MSc®

1Johns Hopkins University, Baltimore, MD, USA, 2Johns Hopkins University School of
Medicine, Baltimore, MD, USA, 3Yale New Haven Children's Hospital, New Haven, CT, USA,
4Division of Pediatric Surgery, Department of Surgery, Johns Hopkins University School of
Medicine, Baltimore, MD, USA, Baltimore, MD, USA, 5Yale University School of Medicine, New
Haven, CT, USA, 6Johns Hopkins, Baltimore, MD, USA

Abstract: Purpose: Bivalirudin, a direct thrombin inhibitor, has been increasingly used as the
anticoagulant of choice in the management of infants with congenital diaphragmatic hernia
(CDH) on extracorporeal membrane oxygenation (ECMO) support. However, the utility of
bivalirudin for CDH patients has largely been confined to single-center studies and efficacy
remains to be determined. The purpose of this study was to analyze the impact of bivalirudin
use on hospital outcomes in CDH patients on ECMO.

Methods: The Pediatric Health Information System database was queried for infants with CDH
requiring ECMO cannulation at major children’s hospitals (n=48) between 2016 and 2023. In
order to minimize volume/outcome bias in the results, significant outlier institutions cannulating
< 8 or >100 patients over the study period were excluded from further analysis (n=13). Patients
managed with bivalirudin were compared with patients managed with heparin alone. Outcomes
of interest included inpatient mortality, bleeding, thrombosis, neurologic complications, and
cost.

Results: Of 3,401 CDH patients, 864(25.5%) were supported on ECMO across 35 centers. The
median number of patients per center was 20(IQR, 10-30), with 131(15.2%) infants managed
with bivalirudin, and 733(84.8%) infants receiving heparin alone. During the study period,
institutions using bivalirudin increased from 6.7% to 53.6% (p< 0.0001), correlating with
increased patient exposure over time (2.0% to 40.5%, p< 0.001). In patients receiving
bivalirudin, there was no significant difference in mortality (54.2% vs. 45.3%, p=0.07; Figure),
duration of mechanical ventilation (38[23-95] vs. 34[18-73.5] days, p=0.09), and neurologic
complications (28.2% vs. 25.6%, p=0.61). Those receiving bivalirudin had longer duration on
ECMO (16[9-29] vs. 12[7-19] days, p=0.0008), with no difference in bleeding (31.3% vs. 26.1%
p=0.25) and thrombotic events (29.8% vs. 22.2%, p=0.08). Among patients surviving to
discharge, length of stay was longer (120[90-186.5] vs. 101[69-154] days, p=0.006), and overall
hospital charges were higher in association with bivalirudin use ($877,821 vs. $607,748, p<
0.0001).

Conclusion: The use of bivalirudin in CDH patients on ECMO has increased over the past
decade with early experience showing similar rates of mortality, bleeding, thrombosis, and
neurologic complications. Given the higher resource utilization, the utility of bivalirudin in the
CDH ECMO population warrants further scrutiny in prospective studies.

Abbreviations: CDH = congenital diaphragmatic hernia
ECMO = Extracorporeal membrane oxygenation




Figure: Kaplan-Meier survival curve of CDH infants cannulated
for ECMO, based on anticoagulant (bivalirudin or heparin)
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CAN INTESTINAL FATTY ACID BINDING PROTEIN (I-FABP) DISTINGUISH BETWEEN
NECROTIZING ENTEROCOLITIS (NEC) AND OTHER ABDOMINAL CONDITIONS IN PRE-
TERM INFANTS?

Jessica Wright, MD', Sophia G. Hameedi, MD?, Rahul Gadde, MD3, Carly G-X Schafer, BS#,
Jason Xia, MD®, Lourenco Neto, MD, PhD®, Oluyinka O. Olutoye, MD, PhD®, Agostino Pierro,
OBE, MD, FRCS(Eng.), FRCS(Ed), FAAP’

1Center for Regenerative Medicine/ Department of Pediatric Surgery/Nationwide Children’s
Hospital, Columbus, OH, USA, 2Westchester Medical Center in Valhalla, Columbus, OH, USA,
3Center for Regenerative Medicine/Department of Pediatric Surgery/Nationwide Children's
Hospital, Westerville, OH, USA, 4Center for Regenerative Medicine/Department of Pediatric
Surgery/Nationwide Children's Hospital, Columbus, OH, USA, 5Center for Regenerative
Medicine/Department of Pediatric Surgery/Nationwide Children’'s Hospital, New York, NY, USA,
6Center for Regenerative Medicine/ Department of Pediatric Surgery/Nationwide Children's
Hospital, Columbus, OH, USA, 7The Hospital for Sick Children, Toronto, ON, Canada

Abstract: Purpose: We have previously shown that intestinal fatty acid binding protein (I-FABP)
is elevated in necrotizing enterocolitis (NEC). We hypothesized that plasma |-FABP is a specific
biomarker for NEC that can differentiate NEC from other common abdominal complaints in
preterm neonates.

Methods:

With IRB approval, preterm neonates born at < 34 weeks gestation who were admitted to the
NICU were enrolled for prospective blood collection. Residual plasma samples were scavenged
from blood obtained for routine clinical tests and stored. No additional blood was obtained for
this study. Medical records were reviewed retrospectively to identify patients diagnosed with
NEC and other abdominal pathologies including sepsis, feeding intolerance (Fl), and
spontaneous intestinal perforation (SIP). For the patients who developed NEC or had other
abdominal complaints, residual samples retrieved within 1 week prior to and one week after
diagnosis were utilized for I-FABP quantification by ELISA. Healthy patients matched according
to corrected gestational age were selected as controls. Data were analyzed by ANOVA with
mixed effects analysis.

Results:

Between July 2022 to May 2023, 69 patients were enrolled, and their residual blood samples
prospectively collected. Of these, 7 patients were diagnosed with NEC, 9 were diagnosed with
other abdominal pathologies as detailed above, and 8 were selected as age-matched, healthy
controls.

Overall, I-FABP values were low in healthy controls (mean = 0.3 ng/ml, SEM = 0.04) and those
with other pathologies (mean = 0.4 ng/ml, SEM = 0.06) compared to those who developed NEC
(mean = 8.5 ng/ml, SEM = 2.4). I-FABP was significantly higher in the NEC cohort prior to, at
diagnosis, and after diagnosis (p < 0.0001) (Figure 1). ROC curve analysis identified an [-FABP
cutoff of 5.1 ng/ml as predictive of NEC compared to other pathologies with sensitivity and
specificity of 100% (AUC 1.0, p=0.001).

Conclusion:

In patients who develop NEC, I-FABP is significantly elevated prior to, at, and after diagnosis as
compared to those with other abdominal pathologies and healthy controls. The results of this
prospective study endorse the utility of plasma I-FABP as both a sensitive and specific
biomarker for distinguishing NEC from other diagnoses with similar presentations at symptom
onset.

Abbreviations: [-FABP: intestinal fatty acid binding protein




NEC: necrotizing enterocolitis

FI: feeding intolerance

SIP: spontaneous intestinal perforation
ELISA: enzyme linked immunosorbent assay
SEM: standard error of the mean

Fig. 1) Plasma |-FABP relative to time of diagnosis
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SECOND TRIMESTER MATERNAL SERUM MICRORNAS AS BIOMARKERS FOR
CONGENITAL DIAPHRAGMATIC HERNIA SEVERITY

Caitlin Eason, MD, MPH', JAMES R. Bardill, PhD, MS?, Courtney Breckenfelder, BS®, Holly
N. Wood?, Clyde Wright5, Jason Gien, MD®, S. Christopher Derderian, MD', Tippi MacKenzie,
MD’

1Children’s Hospital of Colorado, Denver, CO, USA, 2UNIVERSITY OF COLORADO-
ANSCHUTZ MED, AURORA, CO, USA, 3University of Colorado Denver Anschutz, Arvada,
CO, USA, 4University of Colorado AMC, Thornton, CO, USA, 5University of Colorado, Aurora,
CO, USA, 6University of Colorado, Greenwood Village, CO, USA, 7UCSF, San Francisco, CA,
USA

Abstract: Purpose: Congenital diaphragmatic hernia (CDH) is frequently identified during the
routine 20-week prenatal ultrasound. Current in utero imaging relies on lung volume
measurements to predict disease severity. While fetoscopic endotracheal occlusion (FETO) has
been proposed as an adjunct to standard therapy, its benefits appear limited to severe cases of
CDH. Despite the established role of fetal imaging in this population, it often falls short in
accurately assessing disease severity, highlighting the need for reliable prognostic biomarkers.
microRNAs (miRNAs), small non-coding RNAs that circulate freely in serum, regulate key
molecular pathways involved in physiological processes. Considering the limitations of fetal
imaging, we aimed to identify miRNA signatures in second-trimester maternal serum (2TMS)
that distinguish survivors from non-survivors in CDH cases, with potential implications for
guiding FETO therapy.

Methods: After IRB approval (21-2481), 2TMS samples from pregnancies complicated by CDH
were sequenced for miRNAs. Machine learning Random Forest analyses were employed to
identify biomarkers distinguishing survivors from non-survivors.

Results: miRNA sequencing and Random Forest analysis demonstrated miR-376¢-3p, miR-
18a-3p, and miR-194-3p as the top three miRNAs distinguishing CDH survivors (n=7) from non-
survivors (n=4, Figure 1A). Receiver operating characteristic curves exhibited an area under the
curve of 1.0, indicating high specificity and sensitivity (Figure 1B). miR-376¢-3p was
significantly downregulated, while miR-18a-3p, and miR-194-3p were significantly upregulated
in survivors compared to non-survivors (Figure 1C).

Conclusion: We identified miR-376¢-3p, miR-18a-3p, and miR-194-3p as promising prognostic
biomarkers in 2TMS, with significant differential expression between CDH survivors and non-
survivors. Future directions include validation across institutions and with qRT-PCR prior to
utilization of miRNA biomarkers for clinical decision-making in recommendations of FETO
therapy.

Abbreviations: Congenital diaphragmatic hernia (CDH)
microRNAs (miRNAs)

Fetoscopic endotracheal occlusion therapy (FETO)
Second-trimester maternal serum (2TMS)
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CIRCULATING MATERNAL PLASMA MICRO-RNAS AS BIOMARKERS FOR DIAGNOSIS
AND RISK-STRATIFICATION IN PRENATALLY DIAGNOSED CONGENITAL
DIAPHRAGMATIC HERNIA

Daniel Liesman, MD1, Steven T. Papastefan, MD2, Cassandra Huerta3, Catherine Redden3,
Lucas Turner®, Amanda Dicks®, HeeKap K. Kang, PhD3, Katherine Ott, MD?, Morgan
Langereis3, Manmeet Singh3, Joy Ito, RN, CCRP3, Aimen Shaaban®, Amir Alhajjat, M.D.?, Tippi
MacKenzie, MD*

1Northwestern University, Chicago, IL, USA, 2Ann & Robert H. Lurie Children's Hospital of
Chicago, Chicago, IL, USA, 3Ann and Robert H. Lurie Children's Hospital, Chicago, IL, USA,
4UCSF, San Francisco, CA, USA

Abstract: Purpose

Congenital diaphragmatic hernia (CDH) is characterized by a wide range of postnatal severity.
Although imaging studies are used for CDH risk stratification and prenatal therapy, these
modalities remain limited in their prenatal prediction. miRNA has been previously shown to be
differentially expressed in amniotic fluid and plasma of fetuses and infants with severe CDH.
Whether differentially expressed miRNA can be detected prenatally through noninvasive
methods such as maternal blood sampling is unknown. In this study, we hypothesized that
patients carrying fetuses with CDH will display a unique miRNA profile detectable within
maternal plasma in comparison to healthy pregnancies.

Methods

Patients carrying fetuses with CDH (n = 25) and heathy singleton pregnancies (n = 12) were
consented for peripheral blood collection after IRB approval at an urban fetal center. miRNA
was sequenced at the institutional sequencing core via miRNA-seq. Low quality reads and
duplicate miRNAs from different genomic locations were excluded. Subgroup analysis was also
completed based on neonatal outcomes. miRNA expression between groups was compared
with student’s t-test (p-value < 0.05).

Results

Of the 770 miRNAs examined, 26 were significantly differentially expressed when comparing
patients carrying fetuses with CDH when compared to controls. Several of the miRNA have
previously been reported in CDH tracheal aspirates or amniotic fluid: miR-210-3p (p-value =
0.002398) and miR-889-3p (p-value = 0.04004). When comparing patients carrying fetuses with
CDH whom either died or required ECMO in the neonatal period (n = 5) versus those who had
ECMO-free survival (n = 20), there were 32 differentially expressed miRNAs including let-7¢c-5p
(p-value = 0.03299), a miRNA previously shown to be significant in CDH non-survivors, and
miR-30d-3p (p-value = 0.02944), a miRNA associated with pulmonary hypertension.

Conclusion

These results are the first to find that maternal plasma miRNA can differentiate pregnancies
with CDH from those carrying healthy fetuses. Furthermore, our findings indicate that maternal
plasma miRNA can potentially predict severity of disease (Death or ECMO) prenatally. This
suggests that maternal plasma miRNA during pregnancy may be used to diagnose and risk




stratify CDH fetuses.

Abbreviations: CDH = Congenital Diaphragmatic Hernia
mMiRNA = micro RNA

IRB = Institutional Review Board

ECMO = Extracorporeal Membrane Oxygenation

ECMO/Death Versus ECMO-Free Survival

-Log 10 p-Value

Differential Expn'ulon of let-7c-5p Differential Expression of miR-30d-3p

Figure 1. Differential mMRNA Exp icn in maternal plasma of pregnant patients carrying a COH

fatus. A Volcano plots ilustrate differantal miRNA exp 1 baly CDH-pregr and

controls as well as between nfants who reguired ECMO or died and mfarts with ECMO-free

survival. B. Differential expression of relevant miRNAs b 1 fen with { ble or

unfavorable cutcomes.
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DEVELOPMENT OF A NOVEL TUBULAR SCAFFOLD FOR TISSUE-ENGINEERED SMALL
INTESTINE

Mitchell R. Ladd, MD, PhD', Mani Ratnam Kothamasu?, Keerti Kaushik Katragadda®,
Mubashra Zehra?, Nicholas Mishu?, Anthony Atala, MD?, Marshall Schwartz, MD?

1Wake Forest University School of Medicine, Winston Salem, NC, USA, 2Wake Forest Institute
for Regenerative Medicine, Winston Salem, NC, USA, 3Wake Forest Institute for Regenerative
Medicine, Winston Slame, NC, USA

Abstract: Purpose: Infants with short bowel syndrome (SBS) have a significant morbidity and
mortality rate, especially if they depend on parenteral nutrition. Tissue-engineered small
intestine (TESI) has emerged as a potential therapeutic option for SBS in these infants. The
purpose of this study was to develop a novel tubular scaffold that would promote smooth
muscle cell (SMC) alignment and ultimately promote peristalsis (not previously accomplished)
of TESI constructs.

Methods: Tubular scaffolds with aligned fibers were fabricated by electrospinning a 1:1 blend of
polycaprolactone/type | collagen onto a 6 mm mandrel rotating at 9,000-11,000 rpms. The fiber
diameter, alignment, mechanical properties, and in vitro degradation rate were characterized.
Primary human intestinal SMCs were seeded on aligned scaffolds and non-aligned scaffolds at
~3 million cells/cm2, cultured for 1 week, and then analyzed with confocal microscopy to assess
SMC alignment with «-smooth muscle actin (x-SMA) staining. Non-aligned scaffolds were
fabricated with the exact parameters of aligned scaffolds except the mandrel speed was 1,000
rpms.

Results: Scaffolds spun at 9-11,000 rpms (aligned) had circumferentially aligned fibers grossly
and by SEM, compared to those spun at 1,000 rpms (non-aligned). The fiber diameter of
aligned vs. non-aligned scaffolds was 2.97 ym + 0.37 vs. 2.59 ym + 0.14. The aligned scaffolds
demonstrated anisotropic mechanical properties with higher stiffness and strength when tensile
tested in the direction of the fibers compared to perpendicular to the fibers (stiffness 1.69+0.51
MPa vs. 0.60£0.21 MPa, strength 2.29£1.43 MPa vs. 0.64+0.25 MPa). During 6-month in vitro
degradation studies, the scaffolds became stiffer and weaker until at 6 months they were
fragile. Despite this, 73.39% % 9.99 of the original mass remained and they maintained their
shape and lumen. Confocal imaging of cell seeding experiments demonstrated good SMC
alignment on aligned scaffolds compared to non-aligned scaffolds which demonstrated more
random cell orientation.

Conclusions: We have developed electrospun tubular scaffolds with circumferentially aligned
fibers that promote subsequent SMC growth and alignment. These scaffolds have good
mechanical strength and degradation profile that is suitable for the ultimate development of
TESI. Future work will evaluate in vivo degradation and tissue formation of seeded aligned
tubular constructs.

Abbreviations: SBS=short bowel syndrome
TESI=tissue-engineered small intestine
SMC=smooth muscle cells

rpms=rotations per minute
alpha-SMA=alpha Smooth Muscle Actin
SEM = scanning electron microscopy




MPa=megapascals

Non-Aligned

Aligned

100 ym

SMCs.Seeded on Scaffolds

Cell Orientation Histograms




Scientific Session 1 - Basic Science 1
2:00 PM - 3:30 PM

$1

REGIONALLY ISOLATED HUMAN AIRWAY-DERIVED DECELLULARIZED LUNG BIOINKS
INFLUENCE THE MORPHOLOGY AND TRANSCRIPTIONAL PROFILE OF EMBEDDED
HUMAN AIRWAY ORGANOIDS.

Heather Wanczyk, MS', Joanne Walker, MS', Daniel J. Weiss, PhD, MD?, Christine Finck,
MD?3

1University of Connecticut Health Center, Farmington, CT, USA, 2University of Vermont,
Burlington, VT, USA, 3Connecticut Children's Medical Center, Farmington, CT, USA

Abstract: Purpose: Novel tissue engineering approaches for debilitating pediatric airway
diseases/defects such as chronic obstructive pulmonary disease (COPD) and cystic fibrosis
(CF) are desperately needed. To address this, 3D bioprinting can be used to construct patient-
specific implantable and functional lung tissues combined with autologous stem cells. However,
the “bioinks” used for printing oftentimes lack the biochemical cues required for cell growth and
differentiation. The study herein utilizes human airway-derived lung dECM (AW-dECM) bioinks
embedded with human induced pluripotent stem cell (hiPSC)-derived airway epithelial basal
stem cells (iBCs) to encourage appropriate growth and differentiation. Additionally, the
feasibility of 3D bioprinting pediatric-sized airways derived from AW-dECM is demonstrated,
further laying the foundation for novel approaches to repair pediatric airway injuries/defects.

Methods: Human lungs obtained from UVM were decellularized and processed into bioinks
using established protocols. iBCs obtained from the Center for Regenerative Medicine of
Boston University were seeded at 20,000 in 50 yL of 15 mg/mL or 30 mg/mL AW-dECM or 8
mg/mL Matrigel. Cells were cultured in PneumaCult EX medium + 1 yM A8301 + 1 yM DMH-1
+ 10 uM Y-27632 + 1x Pen/Strep for 21 Days and harvested for g°PCR and
morphological/histological assessments analyzing mucociliary and secretory gene and protein
expression. 15 mg/mL AW-dECM + Col | 17.5 mg/mL bioinks were prepared and used for
bioprinting of pediatric-sized airways derived from a CT scan.

Results: In 15 mg/mL and 30 mg/mL AW-dECM, iBCs successfully aggregated into 3D
organoids exhibiting enhanced mucociliary (FOXJ1, MUC5B) and secretory cell (SCGB1A1)
expression over 21 days as well as excellent viability and growth compared to Matrigel.
Additionally, we demonstrated an increase in surfactant gene expression (SP-A and SP-B) in
iBCs cultured in increasing concentrations of AW-dECM. AW-dECM + Col | bioinks were also
successfully used to bioprint pediatric-sized airways with high resolution and fidelity.

Conclusion: This work reveals the influence of AW-dECM on airway organoid development,
viability, growth, and differentiation. Additionally, we demonstrate the feasibility of 3D bioprinting
pediatric-sized airways using this material. This work sets the stage for the development of
novel tissue engineering approaches for the treatment of pediatric airway diseases/defects.

Abbreviations: COPD, CF, AW-dECM, hiPSC, iBCs
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THE ROLE OF EPITHELIAL-TO-MESENCHYMAL TRANSITION (EMT) IN ESOPHAGEAL
TISSUE REGENERATION

Joanne Walker, MS', Heather Wanczyk, MS', Christine Finck, MD?

1University of Connecticut Health Center, Farmington, CT, USA, 2Connecticut Children's
Medical Center, Farmington, CT, USA

Abstract: Background: Epithelial-to-mesenchymal transition is critical for esophageal
regeneration, especially for conditions like esophageal atresia. Adipose-derived mesenchymal
stem cells (AD-MSCs) secrete cytokines, growth factors, and microRNAs that enhance EMT in
epithelial cells during wound healing. However, manipulating this process in esophageal injuries
is challenging. Tissue engineering with biomimetic scaffolds and MSCs presents promising
strategies for regeneration. We employ a 2D wound assay and a 3D bioprinted esophageal-like
model to investigate how stem cell secreted factors influence esophageal tissue regeneration.

Methods: Human esophageal epithelial cells (EECs) were induced with TGFB1 and IL1(8 (20
ng/mL) for 15 days, gPCR measured marker expression of Vimentin, N-cadherin, E-cadherin,
Mucin 1, and Interleukin-6. Further analysis included the effects of factors from AD-MSCs on
EECs, gap closure in prefabricated scratch assay plates, bioprinted EECs and human
fibroblasts, and the biocompatibility and viability of AD-MSCs on 3D bioprinted esophageal-like
scaffolds from biodegradable alginate + nanofibrillar bioinks.

Results: Cells treated with TGF(1 or IL1 displayed an elongated, fibroblast-like morphology by
day 5, suggesting EMT induction. TGFB1-treated EECs showed enhanced gap coverage and
fibroblast-like characteristics after 24 hrs in scratch assays. Mesenchymal marker expression
was significantly higher than epithelial markers at 48 hours and continued to rise by day 5, with
E-cadherin (CDH1) decreasing and mucin-1 (MUC1) declining. Elevated levels of pro-
inflammatory cytokines IL-8 and IL-6 were confirmed in EECs cultured in conditioned media
from AD-MSCs. 3D bioprinted scaffolds with human EECs and fibroblasts maintained their
phenotype for 5 days. Live/dead analysis showed excellent viability of AD-MSCs on these
scaffolds for 7 days. A pilot study with euthanized rats successfully evaluated a 3D bioprinted
scaffold sutured into place, establishing a viable model for future studies.

Conclusion: The findings suggest that EECs can respond to EMT-inducing cues, further
exploring esophageal regeneration and the influence of secreted factors from AD-MSCs. Our
work shows the feasibility of a biodegradable 3D bioprinted scaffold for covering a rat
esophageal defect. This study sets the stage for innovative regenerative strategies for
congenital esophageal defects or injuries. Future research will evaluate the efficacy of stem
cell-seeded 3D bioprinted scaffolds in promoting in vivo esophageal regeneration.

Abbreviations: EMT - Epithelial-to-mesenchymal transition
AD-MSCs - Adipose-derived mesenchymal stem cells
EECs - Esophageal Epithelial Cells

TGFB1 - Transforming Growth Factor beta 1

IL1B - Interleukin 1 beta
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NON-INVASIVE TRANSCUTANEOUS AURICULAR VAGUS NERVE STIMULATION
ATTENUATES INTESTINAL INFLAMMATION IN A MOUSE MODEL OF NECROTIZING
ENTEROCOLITIS

Mahmoud El Baassiri, MD', Daniel Scheese, MD?, Cody Tragesser, MD', Johannes Duess,
MD, PhD', Lena M. Bode, MD", Sierra Williams-McLeod, BS', Jeremy Young', Maame
Sampah, MD, PhD", Yiwei Ai', Koichi Tsuboi, MD, PhD', Hee-seong Jang, PhD', Thomas
Prindle!, Sanxia Wang', Menghan Wang", William B. Fulton, MS", Chhinder P. Sodhi, PhD',
Gene Fridman?, Isam W. Nasr, MD*, David J. Hackam, MD, PhD’

1Johns Hopkins Children's Center, Baltimore, MD, USA, 2Children’s Hospital of Richmond,
Virginia Commonwealth University, Richmond, VA, USA, 3Department of Otolaryngology Head
and Neck Surgery, Johns Hopkins University, Baltimore, MD, USA, 4Division of Pediatric
Surgery, Johns Hopkins School of Medicine, Baltimore, MD, USA

Abstract: Introduction: Necrotizing enterocolitis (NEC) is a devastating disease of premature
infants, leading to death in up to a third of patients. Despite extensive research on NEC,
effective therapeutic strategies remain limited. Emerging studies suggest that transcutaneous
auricular vagus nerve stimulation (aVNS), a novel non-invasive technique that activates vagal
efferents, reduces inflammation in various conditions such as inflammatory bowel disease.
Here, we evaluate the efficacy of aVNS in a mouse model of NEC to explore its potential in
attenuating intestinal inflammation.

Methods: NEC was induced in 7d-old mice via intermittent hypoxia and formula gavage
supplemented with stool from an infant with NEC. Breastfed control animals remained with their
mothers and received breast milk ad lib. Two non-invasive vagus nerve stimulation modalities
were tested: auricular vagus nerve stimulation (aVNS) and cervical vagus nerve stimulation
(cVNS). On postnatal days (P) 9 and 10, th