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Background: Preeclampsia is a major complication of pregnancy with no medical treatment. It is associated with
placental oxidative stress, hypoxia and inflammation leading to soluble fms-like tyrosine kinase 1 (sFlt-1) and
soluble endoglin (sENG) secretion and reduced placental growth factor (PlGF). This results in widespread endo-
thelial dysfunction causing hypertension and multisystem organ injury. Sulfasalazine is an anti-inflammatory
and antioxidantmedication used to treat autoimmune disease. Importantly, it is safe in pregnancy.We examined
the potential of sulfasalazine to quench antiangiogenic factors and endothelial dysfunction and increase angio-
genic factor secretion.
Methods:We performed functional experiments using primary human pregnancy tissues to examine the effects
of sulfasalazine on sFlt-1, sENG and PlGF secretion. Sulfasalazine is known to inhibit nuclear factor kappa-light-
chain-enhancer of activated B cells (NFkB) and upregulate heme-oxygenase 1 (HO-1) thuswe explored the effect
of these transcription factors on sFlt-1 secretion from human cytotrophoblasts. We examined the ability of
sulfasalazine to reduce key markers of endothelial dysfunction and dilate whole blood vessels.
Findings: We demonstrate sulfasalazine administration reduces sFlt-1 and sENG and upregulates PlGF secretion
from human placental tissues. Furthermore sulfasalazine mitigates endothelial dysfunction in several in vitro/
ex vivo assays. It enhanced endothelial cell migration and proliferation, promoted blood vessel dilation (vessels
obtained fromwomen at caesarean section) and angiogenic sprouting fromwhole blood vessel rings. The effect
of sulfasalazine on the secretion of sFlt-1 was not mediated through either the NFkB or HO-1 pathways.
Interpretation:Weconclude that sulfasalazine reduces sFlt-1 and sENG secretion and endothelial dysfunction and
upregulates PlGF. Sulfasalazine has potential to treat or prevent preeclampsia andwarrants investigation in clin-
ical trials.
Funding: This work was funded by The National Health and Medical Research Council of Australia (NHMRC;
#1048707, #1046484. #1101871, #1064845), an Arthur Wilson RANZCOG scholarship and a Norman Beischer
Medical Research Foundation grant. FB was supported by a NHMRC Early Career Fellowship (NHMRC
#1142636). NJH was supported by a CR Roper Research Fellowship. The NHMRC provided salary support
(#1136418 to ST #1062418 to TKL, #1064845 to SS). The funders had no role in study design, data collection,
analysis, decision to publish or the preparation of the manuscript.
Crown Copyright © 2019 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords:
Preeclampsia
Endothelial dysfunction
Sulfasalazine
sFlt-1

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebiom.2019.02.013&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ebiom.2019.02.013
Journal logo
http://www.sciencedirect.com/science/journal/
www.ebiomedicine.com

	Sulfasalazine reduces placental secretion of antiangiogenic factors, up-�regulates the secretion of placental growth factor...
	1. Introduction
	2. Materials and methods
	2.1. Isolating and treating primary human umbilical vein endothelial cells (HUVECs)
	2.2. Isolating and treating primary human cytotrophoblast cells

	Evidence before this study
	Added value of this study
	Implications of all the available evidence
	2.3. Culture of placental explants
	2.4. Cell viability assay (MTS assay and calcein stain)
	2.5. Endothelial dysfunction in primary HUVECs
	2.6. Endothelial cell migration and proliferation
	2.7. Whole omental artery pressure myography
	2.8. Mouse aortic ring explants
	2.9. ELISA analysis
	2.10. RT-PCR
	2.11. Western blot analysis
	2.12. Ethics approval
	2.13. Statistical analysis

	3. Results
	3.1. Effect of sulfasalazine on sFlt-1 secretion from primary HUVECs and placental tissues
	3.2. Effect of sulfasalazine on placental growth factor (PlGF) secretion from primary human tissues
	3.3. Effect of sulfasalazine on sENG secretion in primary endothelial cells and placental tissues
	3.4. Effect of sulfasalazine on heme-oxygenase 1 in primary human tissues
	3.5. Effect of inhibiting and overexpressing molecules in the NFκB pathway on sFlt-1 and sENG secretion
	3.6. Effect of sulfasalazine on VCAM-1 transcription and protein and the proliferation and migration of HUVECs
	3.7. Effect of sulfasalazine on whole maternal vessel dilation isolated from the omentum
	3.8. Sulfasalazine effect on angiogenic sprouting from mouse aorta

	4. Discussion
	Acknowledgments
	Declarations of interests
	Author contributions
	References


