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Registry based recurrence risks

 Family linked data, The Medical Birth Registry
 |Information on genetic influences during
oregnancy

— Fetal genes

— Maternal genes (maternal environment)

— Mitochondrial effects

e Environmental effects




Recurrence of birth defects
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A POPULATION-BASED STUDY OF SURVIVAL AND CHILDBEARING AMONG
FEMALE SUBJECTS WITH BIRTH DEFECTS AND THE RISK OF RECURRENCE
IN THEIR CHILDREN
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B ORIGINAL CONTRIBUTION

Survival and Reproduction Among
Males With Birth Defects and

Risk of Recurrence in Their Children

P
Rolv T. Lic. PhD Context Few systematic data exist on survival and reproduction among males with birth
Allen 1. Wileox, MD, Phl) defects and their contribution to occurrence of birth defects in the next generation.

Rolv Skjasrven, Phl) Objective To estimate survival of males with registered birth defects, their subse-
quent reproduction rates, and their risk of transmitting birth defects to their offspring.

JAMA, February 14, 2001—Vol 285, No. 6



Pre-eclampsia recurrence

BMJ 1998:316:1343-7

Fetal and maternal contributions to risk of pre-eclampsia:
population based study

Rolv Terje Lie, Svein Rasmussen, Helge Brunborg, Hikon K Gjessing, Erik Lie-Nielsen,
Lorentz M Irgens

Children are paternal half-siblings:

OR=1.8 (1.2 -2.6)

(child’s genes from father)



Pre-eclampsia recurrence cont.

Mothers are paternal half-sisters

OR =1.8 (0.9 - 2.6)

(maternal genes)

Mothers are maternal half-sisters

OR = 1.6 (1.01 — 2.9)

(maternal genes or mitochondria)

(Lie et al. BMJ 1998)



Pre-eclampsia recurrence, generations

Recurrence of pre-eclampsia across generations: exploring fetal and
maternal genetic components in a population based cohort
Rolv Skjeerven, Lars | Vatten, Allen | Wilcox, Thorbjern Renning, Lorentz M Irgens, Rolv Terje Lie

BMJ 2005 Oct 15;331(7521):877

Through son (father-child):

OR =1.4(1.2-1.7)

.g (child’s genes from father)

Through daughter (mother-child):

OR =2.2(1.9-2.4)
(child’s genes from mother, maternal
genes or mitochondria)




nature
genetlcs McGinnis R et al. Nat Genet. 2017 Aug;49(8):1255-1260.

Variants in the fetal genome near FLT1 are associated with
risk of preeclampsia

rs4769613: jointly fitted maternal (S, and S,) and fetal (R, and R,) effects
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Odds ratio (95% CI)



Preterm birth recurrence, generations

Familial Patterns of Preterm Delivery: Maternal and Fetal Contributions
Allen J. Wilcox', Rolv Skjeerven®, and Rolv Terje Lie* Am J Epidemiol 2008;167:474-479

Throug

n son (father-child):

OR = 1.06 (0.77-1.44)

(child’s genes from father)

Through daughter (mother-child):

OR = 1.54 (1.42-1.67)

(child’s genes from mother, maternal

genes or mitochondria)



The NEW ENGLAND JOURNAL of MEDICINE
N Engl ) Med 2017;377:1156-67.

ORIGINAL ARTICLE

Genetic Associations with Gestational
Duration and Spontaneous Preterm Birth

G. Zhang, B. Feenstra, J. Bacelis, X. Liu, L.M. Muglia, J. Juodakis, D.E. Miller,
N. Litterman, P.-P. Jiang, L. Russell, D.A. Hinds, Y. Hu, M.T. Weirauch, X. Chen,
A.R. Chavan, G.P. Wagner, M. Pavli¢ev, M.C. Nnamani, J. Maziarz, M.K. Karjalainen,

M. Ramet, V. Sengpiel, F. Geller, H.A. Boyd, A. Palotie, A. Momany, B. Bedell,
K.K. Ryckman, J.M. Huusko, C.R. Forney, L.C. Kottyan, M. Hallman, K. Teramo,

E.A. Nohr, G. Davey Smith, M. Melbye, B. Jacobsson, and L.J. Muglia

RESULTS

In the discovery and replication data sets, four loci (EBF1, EEFSEC, AGTR2, and WNT4)
were significantly associated with gestational duration. Functional analysis showed
that an implicated variant in WNT4 alters the binding of the estrogen receptor. The
association between variants in ADCYS and RAP2C and gestational duration had
suggestive significance in the discovery set and significant evidence of association
in the replication sets; these variants also showed genomewide significance in a
joint analysis. Common variants in EBF1, EEFSEC, and AGTR2 showed association

with preterm birth with genomewide significance. An analysis of mother—infant

dyads suggested that these variants act at the level of the maternal genome.




iming of delivery

Maternal and Paternal Influences on Length of Pregnancy
Lie, Wilcox, Skjeerven. Obstetrics&Gynecology 2006
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PLOS MEDICINE
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Dissecting maternal and fetal genetic effects
underlying the associations between
maternal phenotypes, birth outcomes, and
adult phenotypes: A mendelian-
randomization and haplotype-based genetic
score analysis in 10,734 mother-infant pairs

Jing Cheng', Jonas Bacelis 322, Pol Sole-Navais 2, Amit Srivastava®®,

m Julius Juodakis 2%, Amy Rouse®, Mikko Hallman°, Kari Teramo’, Mads Melbye»®°'°,
Bjarke Feenstra»®, Rachel M. Freathy»'!, George Davey Smith'%'*'4 Deborah
A. Lawlor 21314 Jeffrey C. Murray'®, Scott M. Williams'%, Bo Jacobsson:%'7, Louis || genetic effects on birth outcomes
%’:,%";ggr _ J. Muglia@*®*, Ge Zhang»*°*

Table 3. Associations between birth weight genetic scores and birth outcomes and estimated causal effects per 1-SD change in gestational-age-adjusted birth

weight.

Genetic Score Association and Gestational Days Preterm Birth (log[OR]) Birth Weight (g) Birth Length (cm)
Causal Estimation” Beta | SE | p-Value || Beta SE | p-Value |Beta | SE | p-Value Beta SE p-Value
Maternal transmitted (By;) | —0.0056 | 0.0027 | 0.035* 0.0024 0.00064 | 0.00018" 0.79 10.087 | 1.80 x 107" | 0.0018 | 0.00048 0.00022*

Maternal nontransmitted (fr2) | 0.001 | 0.0027 0.7 —0.00058 0.00065 0.37 —0.19 | 0.088 0.029* —0.00022 | 0.00049 0.66
Paternal transmitted (Byz) | —0.0099 | 0.0026 | 0.00018" 0.0019 0.00064 0.003* 1.3 10087 | 1.70 x 107*% | 0.0031 | 0.00048 | 2.30 x 107'%*
Maternal effect (Bay) | 0.0026 |0.0023 0.26 L5.80 x 1077 | 0.00055 0.92 —0.330.076 | 1.10 x 107°* | =0.00073 | 0.00042 0.082
Fetal effect (Bgy) | —0.0083 | 0.0023 | 0.00029* 0.0025 0.00056 [ 920 x 107 | 1.1 |0.075| 1.00 x 107°%* | 0.0025 |0.00042 | 1.30 x 107
Causal (TSLS) | —2.92 0.805 | 0.00029" 0.837 0.267 0.0017* NA 1.05 0.124 |2.40x1077*
Causal (ratio) | —3.24 0.889 | 0.00027* 0.624 0.215 0.0036" 1 0.172 | 5.10 x 107

*The effect size (beta) and SEs of genetic score association were given by per unit (g) change in genetic scores; the causal effect sizes were based on per 1-SD (1 SD = 426

g) change in gestational-age-adjusted birth weight. Abbreviations: NA, not applicable; SD, standard deviation; SE, standard error; TSLS, two-stage least-squares.

*p-Values less than 0.05.




Genetic Score Association and
Causal Estimation®

Gestational Days

Beta SE | p-Value
Maternal transmitted (5;,;) | —0.0056 | 0.0027 | 0.035*
Maternal nontransmitted (B;,,) | 0.001 | 0.0027 0.7
——> Paternal transmitted (B;,3) | —0.0099 | 0.0026 | 0.00018*
Maternal effect (Bary) | 0.0026 | 0.0023 0.26
Fetal effect (Bry) | —0.0083 | 0.0023 | 0.00029*
Causal (TSLS) | -2.92 | 0.805 | 0.00029*
Causal (ratio) | -3.24 | 0.889 | 0.00027*




Oral clefts recurrence, generations

BMJ. 2008 336(7641):432-4.

Familial risk of oral clefts by morphological type and BM]
severity: population based cohort study of first degree

relatives

Ase Sivertsen, consultant plastic surgeon,'# Allen ] Wilcox, senior investigator,® Rolv Skjaerven, professor,?
Hallvard Andreas Vindenes, consultant plastic surgeon,’ Frank Abyholm, professor,* Emily Harville,
assistant professor, Rolv Terje Lie, professor?

Recurrence from parents to offspring

Relative risk* (95% confidence interval)

CLO CLP CPO
Cleft lip only (n=154) 19 (6.1t0 57.5) 29(13.6t059.8) 9(2.3t037.4)
Cleft lip and palate (n=182) 27(11.2t0 64.9) 28 (14.0t0 56.7)  4(0.6t028.5)
Cleft palate only (n=150) - 4 (0.6t0 29.1) 54 (29.7 to

98.0)



Case-parent Triads: Estimating Single- and Double-dose
Effects of Fetal and Maternal Disease Gene Haplotypes

H. K. GJESSING** and R. T. LIE>*  Anmnals of Human Genetics (2006) 70,382—-396

Haplin
- Estimation of effects of child’s alleles, parent-of-origin and maternal alleles
- Gene-environment and gene-methylation interactions

- GWAS-scans
Journal of Dental Research
™ -8
A Population-Based Study of Effects © Inarmacions & American Assoccons
of Genetic Loci on Orofacial Clefts i bearacs
DOL 10,1 177/00220345177 16914

L.M. Moreno Uribe', T. Fomina?, R.G. Mungerz, P.A. Romitti‘, M.M. Jenkins®,
H.K. Gjessingz's, M. Gjerdevikl‘ﬁ, K. Christensen’, A.). Wilcox®, J.C. Murrayq.
R.T. Lie®®, and G.L. Wehby'”



Effects of child’s alleles, 14 SNPs

Cleft lip only (CLO)
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Cleft lip with cleft palate (CLP)

Cleft palate only (CPO)
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How much of the recurrence risk Is
explained by the effect of these 14 SNPs?

Parent-child % of excess
relative risk of RR by 14 SNPs risk explained
recurrence*
CLO-CLO 42 1.47(1.35-1.60) 1.1%
CLP-CLP 29 1.45 (1.36-1.55) 1.6%
CPO-CPO 32 1.05 (1.02-1.07) 0.2%

* Data from Norway and Denmark

For oral clefts:
Some hits, but very little of the recurrence risk is explained



Opportunities of a golden age

Methodological opportunities

Avallability of registry data (MBR)
Population based family-linked data

Opportunities for large-scale studies of DNA
GWAS ++

Health Registries for Research (HRR)
Biobank Norway — Health survey data
Helsedata.no - Helseanalyseplattformen



Even more important

e Good research environment
e |nternational collaboration
e Great mentors and collaborators

Thanks!
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