Naproxen exposure during early development inhibits cranial
chondrogenesis in axolotl embryos
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INTRODUCTION

Naproxen (NPX) is a non-steroidal anti-inflammatory drug (NSAID) Arachidonic Our overall goal is to investigate the molecular mechanisms underlying the
commonly used to alleviate pain and inflammation via inhibition of acid development of craniofacial defects following exposure to NSAIDs. We

the enzyme cyclooxygenase (COX). /n utero exposures to NSAIDs | E hypothesized that exposure to NPX during early development will inhibit cranial
have been linked to preterm birth, neural tube closure defects, and COX2 ——NSAIDs cartilage development. To test this hypothesis, we exposed Ambystoma

orofacial malformations, which may be linke to abnormal neural ) mexicanum (axolotl) embryos to various concentrations of NPX during NCC
crest cel! (NQC) development. NCQS are gtem—like cells fthat | /PGEZ\ | migration and differentiation stages and thgn performed immunohistochemistry
dlffgrentlate into numerous adult tissues mcludlng craniofacial b3 o { 'Tﬁirs"éﬁi'r?ﬁe} (IHC) for markers of NCC-derived cells. We |dent|f|ec that: N
cartilage and bone and neurons of the peripheral nervous system. development ’ e NPX exposed embryos show decreased survival and exhibit molecular
Preliminary experiments in the Rogers Lab: changes at st. 28 and gross anatomic changes by st. 36.
o Identifled COX1 and COX2 transcript and protein expression NT closure Craniofacial e Exposed embryos have abnormal expression of SOX9 in NCCs.
during the early stages of vertebrate embryonic development ‘{Nﬁgﬁﬁi‘;jﬁ;"{;‘;‘ﬁ”}" SOX9 — Col2za — ¥ -7 e SOX9 loss results in abnormal spatial expression of Col2a and absent
e Showed that targeted knockdown of COX2 and its receptor, formation of discrete craniofacial cartilage structures.
EP3, using translat!on-blocking morpholinos leads to aberrant Figure 1: Proposed mechanism for NPX-induced o NPX glso appears to disrupt normal RUNX2 expression and patterning in
NCC development in vertebrate embryos inhibition of cranial chondrogenesis. putative precursor cells of the lateral line sensory system.
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Figure 5: The level of NPX exposure corresponds to the
severity of morphologic defects observed in late stage
axolotl embryos. (A-D) In st. 28 embryos, the degree of
exposure to NPX appeared to have no effect on cranial
morphogenesis demonstrated by the lack of observable

defects. (E-H) However, in st. 45 embryos, increasing Figure 6: Exposure to NPX causes abnormal Figure 7: Abnormal Col2a expression causes : : C
concentration of NPX corresponded with the distribution of Col2a within the developing head. IHC  abnormal formation of cartilage structures at late Figure 8: NPX alters RUNX2 expression and patterning in
development of progressively more severe for Col2a in (A-C) whole mount and (D-I) transverse stages. IHC for Col2a in (A-C) whole mount and (D-/) ~ the cranial region of developing axolotl embryos. [HC for
morphological defects. (I-K) When compared to the sections of st. 36 axolotls. When concentration of transverse sections of st. 45 axolotls. We observed ~ RUNX2 and SOX9 in (A-C) whole mount and (D-L)

control, all 3 treatment concentrations produced NPX was increased, Col2a expression was significantly decreased organization of cartilage and ~ transverse sections. RUNX2 expression appears
statistically significant decreases in head length, dorsal ~ abnormally localized within the developing head Col2a-expressing cells in treated embryos to form upregulated in treated embryos and exhibits abnormal

fin height, and eye diameter in st. 45 embryos. corresponding to a lack of proper migration. the discrete structures present in control embryos. ~ Patterning including absence of discrete polarized cellular

packets of RUNX2 epidermis.

SUMMARY REFERENCES

Achilleos, A., & Trainor, P. A. (2012). Neural crest stem cells: discovery, properties and potential for therapy. Cell Research, 22, 288-304. https://doi.org/10.1038/cr.2012.11

® AXO|Ot| embl’yOS exposed to NPX eXh|b|t decreased SurVivaI- Garavito, R. M., & DeWitt, D. L. (1999). The cyclooxygenase isoforms: structural insights into the conversion of arachidonic acid to prostaglandins. Molecular and Cell Biology of Lipids, 1441(2-3),
e In late stage embryos, the level of NPX exposure corresponds to 278-287. https://doi.org/10.1016/S1388-1981(99)00147-X
the Severity Of morphologic defects that oCCur. Nakhai-Pou, H. R., & Berard, A. (2008). Major malformations after first trimester exposure to aspirin and NSAIDs. Expert Review of Clinical Pharmacology, 1(5), 605-616. https://

doi.org/10.1586/17512433.1.5.605
Siu, S., Yeung, J., & Lauy, T. (2002). An in-vivo study on placental transfer of naproxen in early human pregnancy. Human Reproduction, 717(4), 1056-1059. https://doi.org/10.1093/humrep/17.4.1056

e Exposure to NPX causes abnormal spatial localization of Col2a
within the developing head of axolotl embryos.

e NPX inhibits formation of discrete craniofacial cartilage
structures necessary for craniofacial bone development in late
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