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Introduction

Results III GD15 Gene Expression
(a) Yolk sac Tlr3 expression is increased 3h post-poly(I:C) treatment (Females).
GD15 Placenta Tlr3

Previous studies in rodent models of mIA have characterised an
elicited maternal cytokine response and altered cytokine balance in
the placenta. This is likely to affect function and behavioural and
cognitive changes in the offspring with associated postnatal brain
pathology(2-5). A recent study has also highlighted convergence of
placenta biology and genetic risk for schizophrenia(6).
Hypothesis and Aims
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Prenatal induction of mIA in rodents mid-gestation produces
behavioural and neuropathological phenotypes in the offspring with
relevance to schizophrenia(1).
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Prenatal maternal immune activation (mIA) has been associated
with increased susceptibility of the offspring to develop
neurodevelopmental disorders (NDDs) such as schizophrenia(1).
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(b) Placental Il6 expression is increased 3h post-poly(I:C) treatment.

Methods
(a)

P=0.0846
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The overarching aim of the study is to investigate placental, yolk sac and fetal changes in response to mIA, in a rodent
model where poly(I:C), a viral mimetic, is used to induce mIA at gestational day (GD) 15 of rat pregnancy.
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We hypothesise that mIA leads to the developmental programming of schizophrenia in offspring through effects on
placental structure and transport capacity that result in impaired amino acid transporter activity, altered fetal amino acid
delivery and compromised fetal development.
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(c) Yolk sac Tnf expression is increased 3h post-poly(I:C) treatment (Females).
GD15 Yolk sac Tnf
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(d) Il1β expression is unaffected 3h post-poly(I:C) treatment.
GD15 Yolk sac Il1β
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Treatment: (a) Pregnant dams were injected intraperitoneally on GD15 with a 10mg/kg
bodyweight dose of poly(I:C) (InvivoGen) or saline (vehicle control). A tail vein blood
sample was taken either 2h or 3h post-injection and centrifuged to collect plasma. This
was used to measure the concentration of pro-inflammatory cytokines by ELISA (Abcam)
as a measure of the acute maternal inflammatory response.
Harvest: Dams were harvested at 3 time-points post-injection; 3h [GD15], 24h [GD16]
and at GD21 (term=23 days). Placentas, yolk sacs, fetal brains and livers were collected
and weighed from each conceptus.
qPCR: (b) Placenta, yolk sac and fetal brain samples matched from the same conceptus
(b) were randomly selected and cDNA prepared. Specific primers for the genes of interest
were used to measure gene expression. Expression was normalised to the reference
gene Gapdh determined by geNorm analysis to be stably expressed between groups.
Relative gene expression compared to vehicle was plotted.
Statistics: A two-way ANOVA test was used to compare treatment groups. Values that fell
outside + 2 SDs were considered outliers and removed. P<0.05 was considered
significant.
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(e) Placental Slc7a5 (LAT1) expression is decreased 3h post-poly(I:C) treatment (Males).
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(f) Fetal brain Reln expression is decreased 3h post-poly(I:C) treatment (Males).

Results I Fetal Compartment Weights
Poly(I:C) administration results in decreased fetal and placental weight at GD16.
Table 1: The effect of poly(I:C) treatment on weight phenotypes in the fetal
compartment.
Fetal weight (g)

GD15
[n=36-58; N=6-8]

↓

-

Placenta weight (g)

-

↓

-

-

-

↓

↓

↑

(**Males & Females)

(**Males, ****Females)

-

(*Females)

(***Males & Females)

Whole fetal brain samples
were used for GD15
analyses

Table 1: Fetal, placenta and yolk sac
weight changes as a result of poly(I:C)
treatment are shown 3h (GD15), 24h (GD16)
and 6 days (GD21) post-treatment. The fetal:
placental weight ratio was calculated as a
measure of placental transport efficiency. (-)
indicates no change in weight as a result of
poly(I:C) treatment whilst (↑) and (↓)
respectively denote an increase or decrease
in weight/ ratio. n indicates the number of
individual fetal, placenta and yolk sac
samples; N refers to the number of litters.
*P<0.05,
**P<0.01,
***P<0.0005,
****P<0.0001.

GD21
[n=36-39; N=5-6]

(***Males)

-

Yolk sac weight (g)
Fetal: placental
weight ratio

GD16
[n=29-46; N=5-6]

Rat brain

Figure 2: Change in expression of the genes; (a) Tlr3, (b) Il6, (c) Tnf, (d) Il1β, (e) Slc7a5 (LAT1), (f) schizophrenia-risk genes Nrg1 (Neuregulin)
and Reln (Reelin) as a result of poly(I:C) administration on GD15 in the placenta, yolk sac and fetal brain. Data are presented as box and whisker
plots. n indicates the number of individual tissue (placenta/ yolk sac/ fetal brain) samples; N refers to the number of litters. *P<0.05, **P<0.01,
***P<0.0005.

Conclusions

Results II Maternal Plasma Cytokine Concentration

The poly (I:C)-induced inflammatory response elicited differential and sex-dependent effects on placental, yolk sac
and fetal brain weight and gene expression.

Poly(I:C) administration increases IL-6 and TNF𝛂 concentration in maternal plasma
with no effect on IL-1β.
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Reduced Reln expression in males (GD15 fetal brain) may predispose to aberrant neuronal migration and
schizophrenia-symptom susceptibility.
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Reduced placental system L gene expression (LAT1) associated with mIA was observed on GD15, as well as a
reduced fetal: placental weight ratio. This is likely to evoke changes in placental transport capacity affecting fetal
development.

400

Future work will include histological staining for morphology and protein expression analyses (multiplex,
immunohistochemistry and western blotting). Functional experiments will further explore the effect of poly(I:C)induced mIA on placental and yolk sac transport capacity (unidirectional maternofetal clearance).
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Figure 1: The concentration of (a) IL-6 and (b) TNF𝛂 in maternal plasma was significantly increased at 2h and 3h post-injection (GD15) in dams treated with
poly(I:C). IL-1β concentration (c) did not differ between groups. Data presented as a box and whisker plots, where the line inside the box represents the median, the
boxes mark the interval between the 25th and 75th percentile, and the whiskers denote the interval between the 5th and 95th percentile. N refers to the number of
litters. *P<0.05, ***P<0.0005, ****P<0.0001.
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