Natural disaster-related prenatal maternal stress is associated with alterations in
placental glucocorticoid signaling pathway: A QF2011 Queensland Flood Study T
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INTRODUCTION RESULTS

» There is growing evidence that prenatal maternal stress (PNMS) due to a natural disaster impacts on fetal - | | - |
development and child outcomes (1-3). Table 2: Pearson’s product moment correlations (r) between predictors and placental mRNA level of genes Table 3: Standardized coefficients (adjusted for covariates) from hierarchical multiple linear | Table 4: Significant hierarchical multiple linear regression results of prenatal stress effects on
. o ) : T @) implicated in glucocorticoid (GC) promoting and inhibiting signal, and glucose transport in all placentas, and regression of stress measures effect on placental glucocorticoid system and glucose transporters. | placental mRNA level of genes tested for either all placentas or for boy placentas only.
> Cortisol, a glucocorticoid (GC) is thought to be the main hormone in linking PNMS and adverse development ). in placentas for boys and girls. Underline: p<0.10: * p<0.05; *p<0.01 Underline: p<0.10: * p<0.05: *p<0.01 Underline: p<0.10: * p<0.05; **p<0.01
» The placenta expresses the type 2 11-beta-hydroxysteroid dehydrogenase (113-HSD2, HSD11B2 gene) -
enzyme. This enzyme converts cortisol into inactive cortisone and is known to be reduced by PNMS ©), Predictor variables B Error  ° R R AR F AF
» Cortisol exerts its action by binding to glucocorticoid receptor alpha (GR-a, NR3C7-a gene) that acts as a All Boy Girl NR3C1- 8 All
transcription factor which regulate the expression of several placental genes, such as type 1 glucose transporter GC promoting GCinhibiting Glucose transporters mRNA QFOSS:  COSMOSS: QFOSS:  COSMOSS! QFOSSc  COSMOSS: TR Sex 076 068  -116 eoE o e o
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We hypothesize that increased PNMS will be associated with a : Al 0163 0173 0.221* 0110 -0.025 0.001 0072 -0088  -0.049 NR3CI-f 062 323 054 -491 ~125s - -.286¢ NR3C1-j Boys | | '
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Cohort : QF2011: The effects of the Queensland Flood (Australia) on pregnant women, their pregnancies, and their children’s early development. Sex .098 .058 174
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‘ﬁi : Table 5: Interaction effect (R2 change) of the timing of the stressful event on the effect of stress
Er e on placental glucocorticoid system and glucose transporters separated by fetal sex or taken 1.2 ; _ o _ _
PNMS f the flood: together. Underline p<0.10; * p<0.05; **p<0.01 i em==Early Tablle T: Standardlzed cpefﬁments frqm hlerarchlcal Table 8: Interaction effect (R2 change) of the
rom the flood:  MRNA level assessed by RT-qPCR . Bayley mental (N=48) . 1 i Mid* multiple linear regression of subjective stress timing of the stressful event on the effect of stress
- _  113-HSD2 and GLUT1 proteins o e e (NEET) Interaction timing ) | measures effect on placental NR3C1-B, NR3CIl —a on NR3C1 —a and HSD11B1 for boy placentas.
* Objective hardship evaluated by Western blot . A :’ y : N " Gene All Boys Girls 3 and SLC2A4 either for all or for boy placentas only Underline: p<0.10; * p<0.05; **p<0.01
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Statistical models used were Student’s T test, Pearson’s product moment correlation, hierarchical multiple regression, moderation and mediation. Protein 2 1 0 1 2 3
« Were included in the regression model if significant: éiﬁflsm :8(13 :3(1)2 gii :ggi :832; :ggg: | _— . COSMOSS — .
. Depression (EDPS: sdinburghlposinatal depression scals) Activity Figure 1: Significant moderation of the gffgct of subjectlve.dlstress_(COSMOSS)
* Socio-economic status (SEIFA: Socio-Economic Indexes for Areas)
« Fetal sex and timing of the flood were tested as moderators Table 6: Significant hierarchical multiple linear regression results of prenatal stress and timing DISC USSION AN D CON C LUSION
- _ _ _ interaction effects on placental mRNA level of genes tested for boy placentas only. * p<0.05; g 1.2 _ - _
* Mediation was used to link PNMS, placental biomarkers and child development **<0.01 Early > PNMS from a natural disaster is linked with:
Statistical analysis were performed using SPSS Statistics software (IBM) where p<0.10 was considered marginally significant and p<0.05 statistically significant Predict bl B Std. 2 1 M 0 > a reduction in placental NR3C7-8 mRNA, especially for boys, but not HSD11B2, suggesting an
redictor variables Error P R R? AR? F AF > : 1 . . tge . . .
o 2 i increase in sensitivity to cortisol by the reduction in GR-8
’S"t’:ﬁ?'“""ys 028 001 001 039 039 = > a reduction in SLC2A17 mRNA in girls placentas and an increase in placental SLC2A4 mRNA,
Timing 000  .001 028 § suggestion a shift towards insulin-sensitive glucose transport in the placenta
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Table 1: Descriptive statistics for stress, anxiety, depression, maternal factors and child outcome measures by child sex (Student’s T test, * p<0.05). Step 3 132 .017  .016 277 .755 e 0.4 > Tlmmg of the flood has a Slgm,flcant r.no_d.eratlng effect on placental NR3C1 G and HS_D11B1 mRNA , ,
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COSMOSS -0.16 (96, 0.85) -0.08 (51, 1.02) -0.25 (45, 0.59) 0.324 QFOSsS .042 .087 .083 : 3] distress
IES-R 5.34 (96, 9.28) 6.30 (51, 10.86) 4.25 (45, 7.07) 0.282 COSMOSS 077 096 -198 -2 1 0 1 2 3
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SEIFA 1050.01 (96, 60.56) ~ 1043.43 (51, 67.95)  1057.47 (45,50.65)  0.259 Timing 001002 120 on placental HSD11B1 mRNA levels by timing of exposure in gestation. moderation fink between , placental blomarkers and chiidren assessment teste
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Gy e WSED( 52 ANISESA0)  MDAEHDE)  OI COSMOSS T R B Figure legend: Vertical lines represent the statistical threshold of the interaction effect genes implicated in glucocorticoid response and glucose transport suggesting placental adaptation to PNMS.
Gestation length (weeks) 2945 E%’ 5'36; 29 37 251’ 1'25; 2953 §45' 1'12; 0510 Step 4 313 .098 .080* 1.248 4.078* (dashed: P < 0.10). Early (represented at 2 weeks of pregnancy) and mid (represented at
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Mothers’ characteristics
Previous pregnancies 0.74 (94, 0.97) 0.67 (51, 0.88) 0.84 (43, 1.07) 0.400
BMI 24.54 (96, 5.08) 24.57 (51, 4.46) 24.50 (44, 5.77) 0.943
Age at birth 30.98 (96, 5.36) 30.84 (51, 5.11) 31.15 (45, 5.69) 0.779 RE F E RE N C ES AC KN OWL E D G M E N TS
Table legend: (1) Walder, et al. Prenatal maternal stress predicts autism traits in 61/2 year-old children: Project Ice Storm. PsychiatryResearch 2014 219 353-360. _ _ _ S s ol ol e
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g?%:ﬁ?ae;ﬁsez?pz 13 gfégig-zsaorrgt :ggrzge ?i‘aiﬁﬁrzxty St:';‘?'d - CElmerEgenEes Bpe 25 SN 06 <l Eris glissss Menepeiier e : = seliite Carmer Femily 2 796 17 sllen it sl (4) Draper, N. and P.M. Stewart, 118-hydroxysteroid dehydrogenase and the pre-receptor regulation of corticosteroid hormone action. Journal of Endocrinology, 2005. 186(2): p. 251-271. the Fond de recherche du Québec en santé (FRSQ). Qu &cbhbhec === CIFL RSC
y<ype < ' y<Pe s (5) Seckl, J.R. and M.C. Holmes, Mechanisms of disease: Glucocorticoids, their placental metabolism and fetal ‘'orogramming’ of adult pathophysiology. Nature Clinical Practice 2007 Nov;3(6) The authors wish to thanks all the families who have et TErAHARIRTRESEST AT SRS UL EGREER
a Adjusted for Sex and Timing. ® Adjusted for Sex, Timing, and QFOSS: ¢ Adjusted for Timing; @ Adjusted for Timing and QFOSS; © Also adjusted for SES; fAlso adjusted for maternal anxiety: 9 Also (6) Hahn, T., et al., Placental glucose transporter expression is regulated by glucocorticoids. Journal of Clinical Endocrinology and Metabolism, 1999. 84(4): p. 1445-1452. participated in the QF2011 study, Matthew Cook and FONDATION ARMAND-FRAPPIER
adjusted for maternal depression. (7) Oakley, R.H. et al. The biology of the glucocorticoid receptor: New signaling mechanisms in health and disease. J Allergy Clin Immunol. 2013 Nov;132(5):1033-44. Laura Shoo for their help with placental collection, as Brour ROR
(8) Clifton, V.L., Review: Sex and the Human Placenta: Mediating Differential Strategies of Fetal Growth and Survival. Placenta, 2010. 31(SUPPL.): p. S33-S39. well as the QF2011 team and the Mater hospital for rechhe R I a
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