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At the end of the eighteenth centu

French naturalist Jean-Baptiste Lamarck
noted that life on earth had evolved over
long periods of time into a striking varicty
of organisms. He sought to explain how

they had become more and more complex.

Living organisms not only evolved,
Lamarck argued; they did so very slowl
“little by little and succe

Lamarckian theory, animals became more
diverse as cach creature strove toward its
own “perfection,” hence the enormous
variety of living things on carth. Man is
the most complex life form, therefore the
most perfect, and is even now evolving.

In Lamarck’s view, the evolution of life
ation and the accumulat
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Abstract In the Dutch Hunger Winter at the end of
World War I a combination of circumstances created the
conditions of a natural experiment. e other famines,
the Dutch famine struck at a precisely circumscribed time
and place, and in a society able to document the timing
and severity of the nutritional deprivation as well as the
effects on fertility and health. Because the Dutch main-
tained comprehensive military and health records, it was
possible to compare the incidence of neurodevelopmental
disorders in adulthood for birth cohorts exposed versus
those unexposed to prenatal famine. We have conducted
several studies guided by the hypothesis that prenatal
micronutrient deficiencies can cause neurodevelopmental
schizophrenia or related personality disorders. In this
paper we shall summarize our previous work and combine
the outcome data of the different studies. Early prenatal
famine was found to be specifically and robustly associ-
ated with each of three conditions: (1) congenital anom-
alies of the central nervous system. (2) schizophrenia. and
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Recent studies have suggested that physiological and behavioral traits m:
lineage, possibly via non-genomic signals derived from the sperm. To iny
behavioral phenotypes, a model of hypothalamic-pituitary-adrenal (HPA
administered water supplemented with corticosterone (CORT) for 4 weeks
not male, F1 offspring of CORT-treated fathers displayed altered fear extin
altered pattems of ultrasonic vocalization at postnatal day 3 and, as adult
maze and time in light on the light-dark apparatus, suggesting a hypera
treatment. Interestingly, expression of the patemally imprinted gene Igf2
but downregulated in female offspring. Male and female F2 offspring dis
elevated-plus maze, suggesting lower levels of anxiety compared with co
immobility time on the forced-swim test and increased latency to feed o
depression-like phenotype in these animals. Collectively, these data provi
and depression-related behaviors across multiple generations. Analysis of
revealed marked effects on the expression of small noncoding RNAS. Sper
three microRNAS, miR-98, miR-144 and miR-190b, which are predicted to
Bdnf. Sustained elevation of glucocorticoids is therefore involved in the t
generations in a process involving small noncoding RNA signals transmit
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Epigenetic selection and the DNA
methylation signatures of adverse
prenatal environments

Selection as an explanation for epigenetic patterns associated with early prenatal
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Epigenetics and mental health

‘Nongenetic influences on gene expression’
Trauma can lead to:

Methylation: epigenetic modification on the Glucocorticoid receptor gene
Blocked receptor cannot regulate cortisol effectively
Cortisol runs up like temperature due to broken thermostat

Chronic stress linked to worse mental health outcomes
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Dutch Hunger Winter (1944-1945)

e Famine in Western provinces of the Netherlands during WWII

e Adult food rations dropper under 1000 cal/day in 1944, and further to 580 cal/day
in 1945

e In children of mothers on the third trimester during famine: Increased risk ratio
for schizophrenia twofold

e Similar results for schizophrenia following the Chinese Famine of 1959-1961

Hejmans et al., 2008; Lumey et al. 2009; St Clair et al., 2005; Veenendaal et al., 2013
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Genetic factors

Pre- and perinatal factors

Polygenetic Maternal
interaction infections

Toxoplasmosis

Birth
complications

Paternal age >
35

Winter birth

Gender

Aetiﬂlﬂgy of SChiZOphania (a simplified model)

L)

Environmental factors

Adverse childhood events

Emotional or physical abuse

Malnutrition Stress

Migration

Cannabis or stimulant use

Urbanicity



Model

Stress event

(famine)




Model
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Demographic model

Netherland census data
(fertility, mortality)

Heritability
model

Review of schizophrenia
heritability studies

Environmental
effect

Dutch famine cohort
data



Genetic Algorithm to Fit Exponential Model of Mortality Rates

) L ((age_pZ))Z
p(death this year) = p, e’ Ps3
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* GA + Exponential Distribution

o)
i)
@
o
i
=
©
o
(@]
©
>
c
=
<




Fitting Exponential Mortality Model With Regression

Im(formula = probDeath.1940 ~ exp(ageGroup.1940))
Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 2.912e-03 2.134e-03 1364 030571

exp(ageGroup.1940) 3.344e-33 1.393e-34 24.009 0.00173 **
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Signif. codes: 0 ***0.001 **’ 0.01 *’ 0.05’ 0.1’ 1

Residual standard error: 0.003697 on 2 degrees of freedom

Multiple R-squared: 0.9965, Adjusted R-squared: 0.9948

F-statistic: 576.4 on 1 and 2 DF, p-value: 0.00173 ageGroup.1940




source
* Data
* GA + Exponential Distribution
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https://docs.google.com/file/d/1JkExg0VXhjRRrjLcrmwqirmCX-TVw39e/preview

Epigenetic mechanism
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Future direction

Improve the calibration of the demographic model
Stress scenarios on schizophrenia prevalence
Cost return of interventions

Run modelling on real-world issues:

o Early childhood trauma associated with Trump immigration policy
o Refugee migration
o  Future mental health impacts of large-scale civil crisis such as Syria

e When data is available - expand model to other mental health issues; anxiety,
depression.
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