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Figure 7. Long term effects of early IT WJ-MSC EVs in BPD and PH. Reduced (A) right ventricular systolic pressure, (B) RV/LV+S, and (C) %
muscularized vessels in 3 month old hyperoxia (HYP) exposed rats treated with IT WJ-MSC EV at P3. (D) Lung sections stained with Von Willebrand
Factor (green) and a-smooth muscle actin (red) demonstrating improved angiogenesis and decreased vascular remodeling in hyperoxia exposed rats
treated with IT WJ-MSC EV. Original magni cation 10x. (E) Increased lung vascular density in IT WJ-MSC EV hyperoxia-exposed rats. (F) H&E-stained
lung sections demonstrating improved alveolar structure in 3 month old hyperoxia-exposed rats who received IT WJ-MSC EV. Original magni cation x.
(G) Decreased mean linear intercept in hyperoxia-exposed IT WJ-MSC EV rats. Data are presented as mean + SEM; N = 5-7/group. *P < .05, room air

(RA) vs. HYP placebo (PL) or HYP placebo (PL) vs. HYP WJ-MSC EV.

is equivalent to young adulthood. Moving forward it is crit-
ical to track the long-term fate of the EVs. One possibility
is that the long-term beneficial effects are a consequence of
the EVs altering endogenous stem cells or through epigenetic
reprogramming of immune populations.?**

One of the key questions that our present study also
addressed is the comparative efficacy of systemically and
locally administered MSC EVs for BPD-PH. Our study
shows that systemically delivered WJ-MSC EVs have sim-
ilar short-term beneficial effects on PH and lung angiogen-
esis as locally delivered MSC EVs. With the advent of less
invasive ventilator strategies, our finding is important as sys-
temically delivered EVs could also have beneficial effects on
other organs injured by neonatal hyperoxia exposure. On the
other hand, since preterm infants at the highest risk for BPD
and PH are intubated, IT MSC EVs could be administered in
much the same way as IT-instilled surfactants. Indeed, in a
recently completed long-term follow-up of preterm patients
who received IT MSCs for BPD prevention, IT MSC admin-
istration was shown to be safe.*® We however recognize that
our present preclinical comparison is limited by short-term
evaluations. Moving forward, long-term studies comparing
systemic and locally delivered MSC-EVs along with multi-
organ evaluations will be needed.

Finally, we also investigated the mechanisms by which
WJ-MSCEVsexerttheir lung protective effects. Transcriptomic
analysis revealed that WJ-MSC EVs modulate pathways in-
volved in blood vessel remodeling, calcium transport, and

blood vessel morphogenesis. The critical role of disordered
vascular development in BPD and PH is well-recognized* and
prior studies have shown that MSC lung protective effects
in BPD are in part mediated by pro-angiogenic factors, such
as vascular endothelial growth factor (VEGF)*° and stromal-
derived factor-1.°! In our current study, we also show that one
of the key genes differentially expressed in hyperoxia-exposed
WJ-MSC EVs treated rats was nephronectin, an extracellular
matrix protein that is involved in tissue development and re-
pair. While its role in BPD and PH is unknown, nephronectin
modulates angiogenesis’> and genome-wide association
studies suggest a potential association with COPD.*

Conclusion

To the best of our knowledge, our study is one of the first to
provide comprehensive insight into the ideal source, dosing,
route, and long-term effects of GMP-grade MSC EVs for BPD
and PH. We show that early administration of BM-MSC and
WJ-MSC EVs have comparable lung protective and anti-in-
flammatory effects in experimental BPD and PH but WJ-MSC
EVs prevent RV remodeling to a greater degree. We also show
that a single WJ-MSC EV dose as low as 2 x 10® particles
per gram of body weight has significant beneficial effects in
preventing the deleterious effects of hyperoxia on the de-
veloping lung. Moreover, systemically and locally delivered
MSC-EVs attenuate PH to a similar degree. Importantly,
the alveolar and pulmonary vascular regenerative effects
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of locally delivered WJ-MSC EVs persist into young adult-
hood. Together, our findings have significant translational
implications for MSC EV therapies in preterm infants at high
risk for BPD and PH as they provide a fundamental founda-
tion for future clinical trials.
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