The trichloroethylene metabolite S-(1,2-dichlorovinyl)-L-cysteine stimulates metabolomic changes in human

placental trophoblast BeWo cells undergoing syncytialization
Anthony L. Su?, Alla Karnovsky®, and Rita Loch-Caruso?

2 Department of Environmental Health Sciences, School of Public Health, University of Michigan, Ann Arbor, Ml, USA
b Department of Computational Medicine and Bioinformatics, University of Michigan, Ann Arbor, MI, USA

° . . . DCVC ff d ° ’ . . . ° ° °
® In placenta, cytotrophoblasts fuse to form multinucleated syneytialization syncytialization Forskolin induction of syncytialization produced
° ° ° ° ° 1 1 1 .
SynCYthtrOphOb|aStS N a prOCGSS known as syncytlallzatlon. Figure 1: Comparison of metabolites altered by syncytialization alone and o nUMErous changes _In energy rneta.bollsm
® Syncytiotrophoblasts cover the placenta Vi”i and are in Contact With GlUtE]FI’"IEITE Aspartate Uridine mDnDphDSphate DCVC durlng synf:ytlafllzatlon. Metabolites hlghllghtEd in blue or red . DCVC exposure durlng fOfSkOIln'StlmUIated
Uridine diphosphate (UDP)-N- UDP-D-glucose (UMP) indicate metabolites increased or decreased, respectively. The metabolites ncvtialization modified enerev metabolism distinct
maternal blood to provide the maternal-fetal interface. 1 acetyl-D-glucosamine UDP in smallest, moderate, and largest font sizes correspond to significant syncytializatio odified energy metabolis IStINC
Glutathione —oxidized (G35G) Cytidine monophosphate (CMP) differences: p<0.05, p<0.01, and p<0.001, respectively. A student’s fr h ' d with iali i
® : : : dine - p<0.05, p<0.01, 001, - Oom changes assoclated with syncytialization.
The human placental trOphOblaSt cell ||ne, BEWO, IS Wldely used as an Oleic acid unpaired two-tailed t-test was performed for the syncytialization-specific ° . 5 . . yney
. . d I f . | . 1 Pml'.ﬂe* analysis whereas a one-way ANOVA was performed for the DCVC effect Cha nges in critical metabolites and pathways are
In vitro model o SynCYtla Ization. nosine analysis. All processed data were generalized log-transformed prior to re|eva nt to adverse pregnancy outcomes
® Forskolin, an adenylate cyclase activator that increases intracellular statistical analysis. N=5 experiments.
cAMP, stimulates BeWo cells to syn Cytia“ze. 1 Metabolite | Syncytializa- | DCVC effect | Biological Relevance to adverse
. . . or Pathway | tion effect during Significance pregnancy outcomes
o
Trichloroethylene (TCE) exposure has been associated with adverse EeTE—— Altered syncytializa- (previous studies)
. . . . tion
pregnancy outcomes in women, including decreased fetal weight and A B C D —— _ ,
. 2.4 Effect of syncytialization: DCVC effect during syncytialization: DCVC effect during syncytialization: Concentration-dependent response to Oleic acid Increased Decreased Nonessential Negatively correlated to
small for ge stational dge. Vehicle vs. Forskolin alone 10 uM DCVC vs. Forskolin alone 20 uM DCVC vs. Forskolin alone DCVC exposure during syncytialization: monounsaturated | birthweight and
. . . . . 10 pM DCVC vs. 20 uM DCVC fatty acid gestational age; predicts
® The TCE metabolite S-(1,2-dichlorovinyl)-L-cysteine (DCVC) stimulates - reterm delivery it
reactive oxygen SpeCieS generation, pro-inﬂammatory response, | Sy isine Stagh and Pmml_m: o] P ° metaboim - ii::;:tr:f:gf:mac.ns Aspartate | Decreased Decreased | Nonessential acidic | Decreased in early-onset
. e . . 5.6 P o T metsoolsm merolsm 5 Aming sular and rideofige o Pyrimidine amino acid preeclampsia.® Normally
apoptosis, and energy utilization in placental cells. P S e . i e PO . [ rmetatolsm R efarentiatly locates n
. . . . . . interconversions a.:{dn.;::li::a-.e @ interconkersions | 3ldarate metgbolism 'ST-rv:h:ar'.d iri:"r:;i::iii::':"maw ::1::1.5.1-, Gll,-cc:uwlphﬂs.phat F!',':Iﬂﬁﬂltﬂh:gpl:l- 1
® In the differentiating slime mold model of cellular multinucleation, 0 o O *+ P incoseria @ = ot | oot the placenta.
. . * T nudectice sugar Tyrceine :ﬁ”;:;';”‘;;iﬁ‘” onenyiqianine ® e alktarate =B rETabalE P — e Histidine P<0.01 P<0.05 Metabolism of Decreased excretion of
amino acid supply decreases and carbohydrates accumulate, A ol I | oot s | Sringin i | : bisiine  glatamate matabolism metabolism histidine involving | histidine in toxic
. . . . cre . . g ot ode |/ metsbolen_{Agninesnd fotee % 13 oo @y cnenyiage P @ %’ 7 MEM:E o - O | Aene, ] s vl me}_m"m B — glutamate and pregnancies (e.g.,
highlighting the importance of energy utilization during cellular Pl | ID B R s || ), @ 4 g bl e T Bl D inec
multinucleation.’® R N P O |0, anpe g [Pumenyn "] o0 [ oennpee | o | Yo smntumine i Pepe breakdown by preeclampsia or
o o . . . I ®o nicptinamide metpbolism . ~ 5 iheaopine oyt Slitamatd metabalism Pt el eveer @] e otophah C te o ® products hyperemesis
Preeclampsia is a hypertensive disorder of pregnancy characterized by 1bo Boloo | go | mevipumn . o Ay el A1 L0 0l O denen? gravidarum).13
. I . . . O masyrests : metabolism Ch D-Glutaming and D- = o glutamate metabolism
changes in energy utilization and oxidative stress.?-10 ¢ O/ imine mparatews () ° 9 o 90 O | gutamate eavotsr £ o o i o . o
5 5Y o 13 Al L i | . al O +— meoan b % O« ot b oLl °aP o | O meubokm ® Forskolin-stimulated syncytialization increased AMP
00 0 04 0 08 Ho 0.0 0.2 04 0.6 0.8 10 nfn nfz 0.4 nl.rs 0.8 10 Y 0.2 0.4 06 ot 10 at the expense of ADP and ATP.
Pathrvay Impact Pathway Impact attway Inmac Pathwsry Impact M M 1 1 :
Pty meact o ® DCVC exposure during syncytialization increased ATP
0 Bj ECTIVE Figure 2: Pathway analysis to identify metabolic pathways most affected by syncytialization and DCVC during syncytialization. Comparisons for A-D are described above each respective graph.
Pathway analysis (specific for Homo Sapiens) was performed by Metaboanalyst 4.0 on the data (generalized log-transformed). The circle color corresponds to significance of the pathway (white to at the expense Of ADP a nd AMP com oF! red to
. . . . red in order of increasing significance) whereas circle size corresponds to pathway impact, which is calculated as the matched metabolites as a cumulative percentage contributing to total P .
We exa mIHEd DCVC-StI mU|atEd EffeCtS on meta bOl Ites In BEWO CEI |S pathway importance. The gold dashed line depicts —log(p)=3, which equals p=0.05 under the log, (or In) scale used in this analysis. syncytlallzed CEIIS not exposed to DCVC (forskolln
. e . | | alone treatment).
during the process of syncytialization. The targeted metabolomics Purine metabolism pathway
platform used at the University of Michigan (UM) Metabolomics Core for A B ) I |
this study was the tricarboxylic acid (TCA) plus platform. - — : . o . £ o 0 E CONCLUSIONS
cAMP & 5 4- < o < < E
IMP <3 e w47 — LR 5 o « qe . . . .
/ \ / " ene / \ i » s £ " = 5 ® Syncytialization in BeWo cells is accompanied by
< 22_ - 5 o 5 2107 $ &t O . . . .
METHODS \ l o~ . 5 — o 3 |;g;‘ e RN S changes in energy metabolism, similar to
GTP ——— GMP — 52 ° gz ® T 57 o . . .
N T N Hyposanthine «— ¢ T £ | | 3 £ ° == observations in other systems (e.g., slime mold).
cGMP \ ! ! ' ' ' ' —
° ° | Vehicle Forskolin Vehicle Forskolin Vehicle Forskolin . .
Experimental Design Treat cells per following: \ r | We are the first to show DCVC to decrease energy
. Glutamine -0.0049 . . . . . .
\ : : | supply metabolites during syncytialization in
Xanthine — — — — Glycine p=0.0142 p=0.0074 p=0.0086 )
d II 24 hour Treatment group 2.5 p=0.0682 ‘ —;4- l o ’;10 p=0.0209 | o placental Ce||S¢
Seed BeWo cells at retreatment i - . ializati - z . o 3 23 8- o 2 Q :
- P Chemical 1 2 3 4 Flgure.3..Syn.cytlallzatlon anfi DCYC .exposure durlng. . 2 3 2.0- =75 %o ~§ < O FUtU re researCh is Warranted to fU”y understand
800’000 CE”S/dISh Forskoli M 0 100 100 100 syncytialization changed ratios within the KEGG purine metabolism <73 ¢ 2 o 2% 6- < o L _
orskolin (uM] pathway. (A) Simplified depiction of the KEGG purine metabolism &£ ', > si. o : S the initiators and mechanisms between DCVC
DCVC (uM) 0 0 10 20 pathway for Homo Sapiens. Dotted lines indicate that multiple steps : §1,o- % : 5 a == :i: E ; 4- o § +
exist between the conversion of the respective metabolites, andred £ 3 R RE © 52, 4; —f— o S exposure and adverse pregnancy outcomes.
T lines indicate the components of altered ratios in (B). (B) ATP to ADP, °© ;"10'5- ® z « o G
Remove media 48 hour Syncytialization ADP to AMP, and ATP to AMP ratios as altered by syncytialization or 0.0 . : 0 . : 0 ' '
' treatment . DCVC during syncytialization. N=5 experiments. e e s ACKNOWLEDGMENTS
wash cells, and DCVC effect during
freeze cells at -80 °C syncytialization \(;\ilseczk;z;\ir!(n:members of the Loch-Caruso laboratory for insightful
*The vehicle control (treatment group 1) received 0.1% v/v DMSO RE F E RE N CES This research was supported by NIH grants: Superfund Research
d bol . £ d 1 I h bol . 1. Wang, R, Dang, Y.L, Zheng, R., Li, Y., Li, W,, Lu, X., Wang, L.J., Zhu, C., Lin, HY., and Wang, H. (2014). Live cell imaging of in vitro human trophoblast syncytialization. Biol. Reprod. 90, 117. Program PROTECT Center Project 2 (P42ES017198) to RL-C and
Ta rgete metabolomics per ormead on ce Samp es at the UM Metabolomics 2. Forand, S.P., Lewis-Michl, E.L., and Gomez, M.I. (2012). Adverse birth outcomes and maternal exposure to trichloroethylene and tetrachloroethylene through soil vapor intrusion in New York State. Environ. Health Perspect. 120, 616-621. Institutional Predoctoral Fellowships (T32ES007062 and
COre 3. Rodenbeck, S.E., Sanderson, L.M., and Rene, A. (2000). Maternal exposure to trichloroethylene in drinking water and birth-weight outcomes. Arch. Environ. Health 55, 188-194. T32HDO079342) to ALS, with core services from the Michigan
] ] ] 4. Ruckart, P.Z., Bove, F.J., and Maslia, M. (2014). Evaluation of contaminated drinking water and preterm birth, small for gestational age, and birth weight at Marine Corps Base Camp Lejeune, North Carolina: a crosssectional study. Environ. Health 13, 99. Center on Lifestage Environmental Exposures and Disease
Trica rbOxyllc acid (TCA) Plus Assay 5. Hassan, ., Kumar, A.M., Park, H.R., Lash, L.H., and Loch-Caruso, R. (2016). Reactive Oxygen Stimulation of Interleukin-6 Release in the Human Trophoblast Cell Line HTR-8/SVneo by the Trichlorethylene Metabolite S-(1,2-Dichloro)-I-Cysteine. Biol. Reprod. (P30ES017885) and the Michigan Regional Comprehensive
. . . . . . 95, 1-11. i
’ Metabol R Core U24DK097153.
Analyzed for 54 metabol Ites by eleCtrOSpray lonization (ESI) ona llq UId 6. Elkin, E.R., Harris, S.M., and Loch-Caruso, R. (2018). Trichloroethylene metabolite S-(1,2-dichlorovinyl)-I-cysteine induces lipid peroxidation-associated apoptosis via the intrinsic and extrinsic apoptosis pathways in a first-trimester placental cell line. SLabOIOMIES FESOUIte Lore
: _nf_fli _ Toxicol. Appl. Pharmacol. 338, 30-42.
Chromatography 9 uad ru p0|e time Of ﬂ Ight (LC QTOF) Mass 7. Liddel, G.U., and Wright, B.E. (1961). The effect of glucose on respiration of the differentiating slime mold. Dev. Biol. 3, 265-276. SCHOOL OF PUBLIC HEALTH
SpeCtrOmEte I 8. Wright, B.E., and Anderson, M.L. (1959). Biochemical differentiation in the slime mold. Biochim. Biophys. Acta. 31, 310-322. ENV'RONMENTAL H EAI_TH SCl ENCES
. ] | . d | . . | 9. Kawasaki, K., Kondoh, E., Chigusa, Y., Kawamura, Y., Mogami, H., Takeda, S., Horie, A., Baba, T., Matsumura, N., and Mandai, M., et al. (2019). Metabolomic Profiles of Placenta in Preeclampsia. Hypertension 73, 671-679. R
Data processmg. LOESS danad YSIS and normalization to prOteIn (me /Hg 10. Aouache, R., Biquard, L., Vaiman, D., and Miralles, F. (2018). Oxidative Stress in Preeclampsia and Placental Diseases. Int. J. Mol. Sci. 19, E1496.
protein), or LOESS analysis (relative response). 11. Ogundi-pe, E., Johnson, M.R., Wang, Y., and Frawford, M.A. (20.16).. Peri—.conce.ption maternal lipid !c)rc?files predict pregnancy outcomes. Prostaglandins Leukot. Essent: Fatty Acids 114, 35-43. OP ROTECT
12. Hoeltzli, S.D., Kelley, L.K., Moe, A.J., and Smith, C.H. (1990). Anionic amino acid transport systems in isolated basal plasma membrane of human placenta. Am. J. Physiol. 259, C47-C55.
13. Kapeller-Adler, R. (1941). Histidine metabolism in toxaemia of pregnancy. Isolation of histamine from the urine of patients with toxaemia of pregnancy. Biochem. J. 35(1-2), 213-218. Q drsrfotisieniisa i bt o Gl e




	Slide Number 1

