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ABsTrACT

Selective serotonin reuptake inhibitor (SSRI) antidepressant use during pregnancy has 
been associated with a negative influence on the development of the unborn child. 
However, the role of the placenta in transmitting these negative effects is not well 
understood. In a previous study we showed that whole transcriptome placental gene 
expression is affected in women using the SSRI fluoxetine during pregnancy. However, 
in human research, it is difficult to discern between the effects of the SSRIs and the ef-
fects of the maternal depression itself, as healthy mothers do not take antidepressants. 
In this study, we want to assess which genes in the rat placenta are transcriptionally 
affected by SSRI treatment without an underlying maternal illness. To this end Wistar 
rats were treated with the SSRI fluoxetine during the whole pregnancy and placentas 
were collected on gestational day 21. Whole transcriptome alterations in the fetal part of 
these term placentas were examined. We found 81 genes to be differentially expressed 
due to fluoxetine treatment. However, we did not find the same strong effects that were 
present in our previous human study, suggesting that a large part of the reported effects 
of SSRIs on human placental gene expression might be due to the underlying maternal 
illness. We identified several over-represented functional annotations among the dif-
ferentially expressed genes, such as the extracellular matrix. We also identified several 
candidate genes, such as Sult1a1, Sult1a3, and Nlgn-3, for further exploration for their 
role in the effect of fluoxetine on offspring development and/or placenta functioning.



123

Chapter 5

InTroduCTIon

Normal functioning of the placenta depends on intricate anatomical, physiological, ge-
netic and endocrine interactions. However, this intimate maternal-fetal connection also 
implies a risk. Perturbations of the maternal milieu can be transmitted to the embryo 
through the placenta, potentially causing pregnancy-related complications or preg-
nancy failure. Of human pregnancies, 20-40% are complicated by adverse intrauterine 
conditions such as infections, medication and smoking1. These perturbations increase 
the risk for abnormal placental functioning. For example, maternal obesity is associated 
with an altered placental transcriptome310, showing that maternal conditions influence 
gene expression in the placenta.

Selective serotonin reuptake inhibitors (SSRIs) are the most-prescribed antidepressant 
drugs during pregnancy, which can lead to adverse intrauterine conditions. SSRIs can 
modulate the serotonin balance, which in turn stabilizes mood and mental well-being 
of people suffering from depression311. In Europe 2.5-3.3% of pregnant woman are pre-
scribed SSRIs54,55, while in the U.S. the occurrence is between 2.7-5.4%56,57. Serotonin 
homeostasis during pregnancy is pivotal during gestation as an imbalance might have 
detrimental effects for the fetus259. The placenta itself also synthesizes serotonin, which 
has been demonstrated to be essential for fetal brain development44. Although SSRIs 
do not cause gross structural neurological teratogenic effects and are considered safe 
for antenatal use60, it has been reported that the use of SSRIs during pregnancy may 
negatively influence the development of the unborn child. First of all, SSRI exposure 
during pregnancy has been associated with attenuated basal cortisol levels in neonates, 
and differential cortisol levels in 3-month-old infants in response to a stressor61–64. 
Furthermore, several behavioral changes have been reported, including disrupted sleep 
patterns in newborns65 and increased internalizing and externalizing behavior in tod-
dlers66,67.

In addition to influences on the developing child, the use of SSRIs during pregnancy 
is also associated with impaired placental functioning. Elevated serotonin levels have 
been suggested to play a role in preeclampsia312.

Placental synthesis of serotonin is involved in placenta formation and decidualization 
of the endometrium at early stages of pregnancy258. During rodent gestation enhanced 
serotonin levels, caused by a diet enriched with tryptophan, reduced placental develop-
ment313. SSRIs reduce utero-placental blood flow, a mechanism thought to be involved 
in hypertension in preeclampsia and gestational diabetes68,69. Moreover, SSRIs are as-
sociated with an increased risk for preeclampsia depending on the duration of SSRI use 
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during pregnancy; women using SSRIs during the entire pregnancy have a higher risk 
in comparison to those who discontinue before gestational week twenty314–316. Previous 
studies showed that SSRI use during pregnancy was associated with altered placental 
gene expression80,272,317. However, a study in rats where targeted genes related to the 
stress- and serotonergic system were studied did not reveal any changes in expression 
due to SSRI use318.

Investigating only a targeted selection of genes known to be involved in stress, the 
serotonergic system, neurogenesis, signal transduction and angiogenesis, excludes the 
discovery of possible other pathways that may play a role in the adverse outcomes in 
the offspring due to maternal SSRI use. In a previous study in humans, we showed that 
whole transcriptome placental gene expression was altered under fluoxetine treatment 
during pregnancy, with placentas of male infants showing more differently expressed 
genes than those of female infants. The most notable effects on gene expression in pla-
centas of male infants were in processes associated with extracellular matrix organiza-
tion, revealing a putative mechanism by which the disturbed maternal serotonin levels 
could mediate adverse effects on the developing offspring via the placenta (Chapter 4).

In human studies, however, the effects of the SSRIs and the effects of the maternal de-
pression itself are typically confounded, as healthy mothers do not take antidepressants. 
The effects that were seen in our previous study (Chapter 4) on gene expression in the 
placenta could be due solely to the administration of the SSRIs, to the depression of the 
mother, or both, especially when the SSRIs are only partially effective in tempering the 
depression. Moreover, therapeutic compliance in pregnant women that are prescribed 
with SSRIs is imperfect. For example, in a study by Edvinsson et al.272 blood samples of 
41 women on antidepressant treatment were taken at parturition, and in only 28 women 
detectable concentrations of the antidepressant drug were found. To disentangle these 
confounding factors and to further explore the effect of SSRIs on placental gene expres-
sion, we need to perform experimental research, which is not warranted in humans.

In rodents it is possible to study the effect of SSRIs in a healthy pregnancy with con-
trolled drug dosing in a homogenous genetic background. Functioning of the human 
and rat placenta differs in some respect, for example in their endocrine functioning27. 
Nevertheless, they are similar in gross morphology, functioning and gene- and protein 
expression81,319. Therefore, rodents are frequently used to model the human situation. In 
this study we assessed the effects of SSRI treatment during pregnancy on placental gene 
expression in rats, using RNA sequencing to investigate the whole transcriptome263–265. 
Throughout the whole pregnancy Wistar rats were treated with fluoxetine, a commonly 
used SSRI, or with a vehicle as control. Whole transcriptome alterations in the fetal part 
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of term placentas of both male and female offspring that were exposed to fluoxetine 
were examined. The fetal part of the placenta has the same genetic makeup as the fetus. 
Thus, these genetic profiles can shed more light on changes in the placental – and pos-
sibly fetal genetic profile in response to SSRI use during pregnancy.

meThods

Breeding and perinatal fluoxetine exposure
The phase within the oestrous cycle of young adult female Wistar rats was assessed 
twice a day by measuring vaginal wall impedance (Impedance Checker MK-10-B, Mu-
romachi Kikai Co., Ltd.320). Once the oestrous phase was reached, a female was housed 
with a male rat. The next day the male was removed from the cage. This day was then 
considered as gestational day one (G1). Pregnant females were randomly assigned to 
the SSRI (n = 7) or vehicle control (n = 7) group and treated accordingly from G1 up to 
G20. On day G21 the pregnant females were sacrificed. As the average gestation time of 
Wistar rats is 22 days we consider this a full-term pregnancy.

We administered 10 mg/kg fluoxetine (Fluoxetine 20 PCH, Pharmachemie BV, The 
Netherlands) to the pregnant rats in the SSRI group via oral gavage. To do so we used 
flexible PVC tubes normally used for baby enteral tube feeding (40 cm length, Vygon, 
Valkenswaard, The Netherlands). Pregnant rats in the vehicle group were subjected to 
the same procedure but were administered with a 1% methylcellulose solution (Sigma 
Aldrich Chemie BV, Zwijndrecht, The Netherlands). During the drug treatment period, 
body mass of the females was measured daily. All experimental procedures were ap-
proved by the Centrale Commissie Dierproeven, The Netherlands, and performed in 
accordance with relevant guidelines and regulations.

housing
Both male and female rats were housed under standard laboratory conditions with a 
reversed 12:12 hour light/dark cycle. Females were socially housed in Makrolon type 
four cages (55.6x33.4x19.5cm) before pregnancy and individually housed in Makrolon 
type three cages (38.2x22.0x15.0cm) during pregnancy. Animals had ad libitum access to 
food (RMH-B Diets; Woerden, The Netherlands) and tap water. Cages were enriched with 
a wooden gnawing stick (10x2x2cm) and nesting material (Enviro-dri®) for nest building.

Collection of placentas and rnA isolation of fetal side of the placenta
On G21 pregnant females were terminated by decapitation under carbon dioxide as-
phyxiation and placentas were collected and kept in tubes in liquid nitrogen until they 
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were stored at -80 °C. Subsequently the placentas were cut in half along the line of 
symmetry. One half was separated into a maternal part (decidua and metrial gland) and 
a fetal part (labyrinth zone and junctional zone). Total RNA was isolated from the fetal 
part using Trizol (Ambion) and chloroform for RNA separation. The RNA product was 
purified with the RNA Clean & Concentrator™-5 kit (Zymo Research, CA, U.S.), according 
to the manufacturer’s protocol. Quality and concentration of the RNA was evaluated us-
ing a NanoDrop 2000 (Thermo Scientific) and RNA 6000 Nano Kit 2100 on a Bioanalyzer 
(Agilent Technologies, CA, U.S.).

selection of rat placentas for rnA sequencing
For RNA sequencing we selected the RNA samples of five pregnant females, from both 
the vehicle and fluoxetine treatment group, choosing those with the highest RNA integ-
rity values (with a minimum RNA integrity score of 7.0). For each female, two placentas 
were used; 1 placenta of male offspring and 1 placenta of female offspring, leading to a 
total of n = 10 offspring per treatment group.

library preparation and rnA sequencing
Library preparation and sequencing of the RNA of the twenty placentas was done by 
Novogene, Hong Kong. The RNA was enriched using oligo (dT) beads. rRNA was removed 
with the use of the Ribo-Zero kit, leaving only the mRNA. The mRNA was randomly 
fragmented using fragmentation buffer. Fragmentation was carried our using divalent 
cations under elevated temperature in NEBNext® First Strand Synthesis Reaction Buffer 
(5x). The cDNA was synthesized using mRNA template and random hexamers primer. 
To initiate second-strand synthesis, a custom second-strand synthesis buffer (Illumina), 
dNTPs, RNase H and DNA polymerase I (Thermo Scientific) were added. The double-
stranded cDNA library was completed through size selection and PCR enrichment after 
a series of terminal repair, a ligation and sequencing adaptor ligation. Quality of the 
libraries was assessed with Qubit 2.0 for preliminary library concentration, Agilent 2100 
to test the insert size, and qPCR to quantify the library effective concentration precisely. 
Sequencing libraries were generated from a total amount of 3µg RNA per sample, using 
NEBNext® Ultra™ RNA Library Prep Kit for Illumina® (NEB, U.S.) following manufacturer’s 
recommendations. The clustering of the index-coded samples was performed on a cBot 
Cluster Generation System using HiSeq PR Cluster Kit cBot-HS (Illumina) according to 
the manufacturer’s instructions. After cluster generation, the library preparations were 
sequenced on an Illumina HiSeq platform and 150 bp paired-end reads were generated.

Quality control and read mapping
Quality control of the RNA sequence data was done with FastQC (Babraham Institute). 
Average per sequence quality scores, GC content, and overrepresented sequences were 
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checked. Subsequently the RNA reads were trimmed with Trimmomatic267. Adapter and 
other Illumina-specific sequences were cut from the read. Furthermore, reads were 
scanned with a four-base sliding window, cutting the reads when the average quality 
per base dropped below fifteen. Then, remaining reads that had a length of ten or less 
bases were dropped. HISAT v2.1.0 and StringTie v1.3.5 were used to perform read align-
ment and transcript assembly according to the protocol of Pertea et al. (2016)268. Reads 
were aligned to reference genome R. norvegicus rn6 (see supplementary Table S1 for 
alignment rates of each sample).

Differential expression analysis
The DESeq2 R package269 was used to identify differentially expressed genes influenced 
by fluoxetine treatment. We used a model with four levels (male control, male fluoxetine, 
female control, female fluoxetine). A Benjamini-Hochberg correction was performed 
after empirical null modelling. Genes with p < 0.05 were considered to have significant 
correlation with fluoxetine treatment.

Gene set enrichment analysis
To assess changes in sets of functionally related genes, an annotation enrichment analy-
sis was carried out using Metascape270. For pathway and process enrichment analysis 
minimum overlap was set to three and minimum enrichment to 1.5 The significant p-
value cut-off for enriched biological processes and pathways was set at 0.01. Enrichment 
analysis was done for pathways (GO biological processes, Reactome Gene Sets, KEGG 
pathway, and Canonical Pathways), structural complex (CORUM) and miscellaneous 
(PaGenBase, Transcription Factor Targets, DisGeNET, and TRRUST). Networks were 
visualized using Cytoscape V3.1.2.

resulTs

To elucidate how SSRIs in a pregnant rat model affect placental gene expression, we 
assessed whole transcriptomes in fetal part of rat placentas treated with the SSRI fluox-
etine or vehicle. All samples passed the FastQC quality controls. The overall GC content 
ranged from 49% to 53%. Per sample between 19.4 and 23.3 million reads were mapped 
with an overall alignment score of > 90% for each sample, which is indicative of suc-
cessful mapping to the reference genome (supplementary Table S1). Based on a PCA, 
however, we excluded three of the female samples as they did not cluster with the other 
samples. After removing these samples all male and female samples clustered neatly 
(supplementary Figures S2 and S3).
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Diff erential expression analysis for all four diff erent conditions (control male, control 
female, fl uoxetine male, and fl uoxetine female) revealed 107 diff erentially expressed 
genes (DEGs) within those groups (Figure 1). In male placentas, the fi rst two-fi ft hs of 
DEGs in the heatmap in Figure 1 showed a decrease in expression in the SSRI treatment, 
in comparison to the control treatment; in female placentas only a small part of those 
genes show a similar reduction in expression levels. The remaining three-fi ft hs of the 

DEGs were upregulated aft er fl uoxetine treatment. In addition, we see a small number of 
genes that are sex-specifi cally expressed only, irrespective of fl uoxetine exposure.

We used contrasts to examine if there were DEGs associated with fl uoxetine exposure in 
only one of the sexes. We could only statistically confi rm one gene to be signifi cantly as-

figure 1: Hierarchically clustered heatmap displaying the expression patterns of diff erentially expressed 
genes for male and female placentas of rats, either treated with the SSRI fl uoxetine or a vehicle as control 
treatment.
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sociated with fl uoxetine exposure in males only (Pex5), and zero in females. Comparing 
the transcriptomes of control female and control male placentas, we determined which 
genes were sex-specifi cally expressed in general. We found 30 DEGs in this contrast. Of 
those genes, 26 overlapped with the 107 DEGs in the comparison among our four dif-
ferent conditions. The full lists of DEGs and their accompanying statistics are listed in 
supplementary Table S4.

Functional enrichment analysis was performed to retrieve a functional profi le of the 
diff erentially expressed genes associated with fl uoxetine treatment. We excluded the 
26 genes that were determined to be sex-specifi cally expressed, rather than associated 
with fl uoxetine exposure. The remaining 81 genes were used in functional enrichment 
analysis. This revealed thirteen annotations that were overrepresented among the DEGs 
which are listed in Figures 2 and 3.

To further assess gene expression patterns, we examined the top 20 diff erentially ex-
pressed genes in the placenta that were associated with fl uoxetine treatment (Figure 4). 
These individual count plots show that altered genetic expression due to prenatal fl uox-
etine exposure in some cases diff ers for male and female samples. For example, Adcy4, 
Mageb4, Muc6, Rxfb1, and Pex5 seem to be particularly aff ected in male placentas, while 
in female placentas this is true for Cpa1, Nrl, and Rab3ip.

We also visually inspected the expression profi les of seven genes in the serotonergic 
pathway involved in the synthesis, transport, recognition, and degradation of serotonin, 
to assess whether or not these genes were aff ected in the placentas of rats treated with 
fl uoxetine. We did not fi nd evidence that either Slc6a4, Tph1, Tph2, Htr1a, Htr2a, Htr2c, 

figure 2: Enriched terms in diff erentially expressed genes associated with fl uoxetine treatment coloured 
by p-values.
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figure 3: Network of enriched functional annotation terms associated with fl uoxetine treatment. Each 
node represents an enriched term, where its size is proportional to the number of diff erentially expressed 
genes that fall into the term. Each node is coloured by its cluster ID, where nodes that share the same 
cluster ID are typically close to each other. Terms with a similarity score > 0.3 are linked by an edge (the 
thickness of the edge represents the similarity score.
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figure 4: Expression of the top 20 differentially expressed genes associated with prenatal fluoxetine expo-
sure. Gene expression is expressed as the number of reads (counts) per sample per gene for male placentas 
(M) and female placentas (F) exposed to a vehicle (Control) or to fluoxetine treatment (SSRI).
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or Maoa were significantly altered in placental expression after SSRI treatment (supple-
mentary Figure S5).

dIsCussIon

To assess whether SSRI intake during pregnancy is possibly affecting the placenta, we 
studied transcriptomic alterations in the fetal part of term placentas in rats treated with 
fluoxetine during the whole pregnancy in comparison to the placentas of control-treated 
rats. We compared male and female placentas in the fluoxetine-treated and control-
treated rats and found a total of 107 genes to be differentially expressed among those 
four groups. We determined that 21 of those genes were significant different because 
of sex differences in placental gene expression, rather than associated with fluoxetine 
treatment. The remaining 81 genes showed different levels of expression in at least 
one of the four groups, with some genes showing a similar response to SSRIs in both 
sexes, and others only in one sex. We conclude that gene expression in the fetal part 
of the placenta differs in rats treated with fluoxetine during pregnancy in comparison 
to control-treated rats. Several functional annotation terms were significantly enriched 
among these 81 differentially expressed genes, although enrichment scores were 
generally modest. We found that peroxisome, cell adhesion molecules, transport of 
small molecules, NABA extracellular matrix affiliated, and tight junction networks were 
significantly overrepresented in the DEGs in placentas of fluoxetine-treated rats. In our 
earlier human transcriptome study on the effects of fluoxetine intake during pregnancy 
on placental gene expression, some of these same functional categories were also over-
represented (Chapter 4). However, the effect of fluoxetine on gene expression in the rat 
placenta seems to be less pronounced, with fewer genes showing a difference.

In our previous study we examined the placental transcriptomes of women using the 
SSRI fluoxetine during pregnancy and reported over 600 differentially expressed genes, 
mainly in placentas of women carrying a boy, and with the most notable changes in 
enrichment networks related to the extracellular matrix (ECM) (Chapter 4). However, in 
human studies it is difficult to disentangle the effects of the fluoxetine treatment itself, 
the underlying depression, or a combination of the two. In addition, compliance to treat-
ment during pregnancy is not stable. In this study we aimed to assess gene expression 
profiles in fetal-part placentas in healthy pregnancies that were exposed to fluoxetine, 
using a rat model. We found substantially fewer differentially expressed genes and the 
significances in functional annotation networks associated with these differentially 
expressed genes were less strong. We did not find any strong significant sex-specific 
effects associated with fluoxetine exposure in this rat study, whereas we did find this 
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in the human transcriptomic study. This may suggest that fluoxetine treatment in the 
absence of an underlying maternal illness affects gene expression profiles to a lesser 
extent in rats, and/or that the sex-specific effects are less pronounced. In turn, this could 
indicate that the maternal illness in our human study substantially affected gene expres-
sion profiles in the placenta of especially boys. However, we have to be cautious with 
this inference, for several reasons. Firstly, we had to exclude three female rat samples 
from this study, which may have reduced the power to detect differential expression, 
especially in the placenta of female offspring. Moreover, the rodent placenta differs 
from the human placenta, and it may be more resilient to fluoxetine exposure than 
the human placenta. Overall, the transcriptomic changes in the human and rat studies 
show substantial differences, while we also found some common themes in the genes 
that seemed responsive to SSRI treatment. In the human study, strong transcriptomic 
changes in the ECM in the placentas of male fetuses were found. In this current study, 
we also see that several genes related to the ECM are overrepresented in the list of dif-
ferentially expressed genes (DEGs) in the placenta after fluoxetine exposure. However, 
other overrepresented DEGS in the human study associated with fluoxetine exposure, 
such as several developmental pathways and gene sets related to low oxygen levels, 
were not found to be affected in this study.

An animal model that reflects human placentation exactly does not exist8. However, 
although the human and rat placenta differ in some respect, they are similar in gross 
morphology, functioning and gene- and protein expression81,319. We do know from hu-
man research that maternal depression without SSRI treatment also affects placental 
gene expression, partly overlapping with the differentially expressed genes found in pla-
centas of women treated with SSRIs80. Therefore, it is likely that the maternal depression 
contributes to the observed effects on placental gene expression in women treated with 
SSRIs. Yet, our results on the transcriptome of (non-depressed) rats, treated with SSRIs, 
did indicate that also SSRIs on their own may result in changed gene expression in the 
fetal placenta of both female and male offspring. The consequences of these changes 
in expression, both for placental functioning and for the development of the unborn 
offspring, have not been addressed in these studies. Our transcriptomic studies do, 
however, provide us with an opportunity to explore potential mechanisms that may be 
underlying the adverse outcomes for antenatal and/or postnatal offspring development.

Interestingly, we found that genes related to the ECM were significantly overrepresented 
in our list of differentially expressed genes in the rat placenta. Previously, we found that 
also in human placentas extracellular matrix related genes are significantly affected in 
association with fluoxetine exposure (Chapter 4). The ECM is the non-cellular compo-
nent of all tissues and plays structural and signalling roles such as anchoring, guiding 
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or restraining cell and tissue movements275–279. The ECM has been described as having 
a role in neural development by regulating cell shape, proliferation, differentiation 
and migration. In addition, the ECM plays an important role in placenta formation in 
humans281,282. This is particularly interesting as the extracellular matrix is potentially 
involved in autism spectrum disorders (ASDs)290, and preterm birth298, both extensively 
debated for their link to SSRI treatment during pregnancy70,297. Three genes in the gene 
set ‘NABA ECM affiliated’ were significantly associated with fluoxetine exposure in our 
study, Muc6, Clec9a, and Emcn. Both Muc6 and Clec9a human homologs were also found 
to be differentially expressed in human placentas exposed to fluoxetine (Chapter 4). 
In addition, the gene set with cell adhesion molecules was significantly enriched. Cell 
adhesion molecules are located on the cell surface and involved in binding with other 
cells or the ECM. We found placental Cldn9, Nlgn3, and Rt1-a1 expression, all involved 
in cell adhesion, to be significantly altered after fluoxetine treatment. However, human 
homologs of these genes were not found to be differentially expressed in the previous 
human transcriptome study (Chapter 4). The most interesting cell adhesion molecule 
is Nlgn-3, neuroligin 3. Neuroligins are neuronal proteins involved in the modulation 
of synaptic transmission321, and cooperate with the ECM322. In humans, both a deletion 
and point mutation of the gene encoding neuroligin 3 is associated with ASD323–325. In 
addition, corresponding mutations in mice lead to repetitive behaviours, a phenotype 
that is a known symptom of ASD326. Nlgn-3 proposes an interesting candidate gene to 
further investigate the underlying mechanisms linking prenatal SSRI exposure and ASD.

Of the top twenty genes with the most significant differential expression (excluding 
the genes that were differentially expressed because of sex rather than SSRI treatment; 
Figure 4), only Sult1a1 has previously been linked to SSRI treatment. Conti et al.327 found 
that after two weeks of fluoxetine treatment in adult male rats, Sult1a1 was upregulated 
in the brain frontal cortex and locus coeruleus in adult male rats. On the contrary, Tsa-
pakis and colleagues found that Sult1a1 was downregulated in the brain frontal cortex in 
juvenile male rats after three weeks of fluoxetine treatment328. In our study Sult1a1 was 
upregulated in placentas exposed to fluoxetine. Sult1a1 encodes sulfotransferase 1a, an 
enzyme involved in sulfonation. Sulfotransferase enzymes catalyse the sulphate conju-
gation of many neurotransmitters, hormones, drugs and xenobiotic compounds. Already 
early in human gestation, the sulfotransferase is active in the fetal liver329. In addition, 
sulfation of drugs has been detected in term and mid-gestation human placentas330,331. 
To our knowledge altered placental gene expression of Sult1a1 has not previously been 
associated with SSRI treatment in either humans or rodents. We propose further inves-
tigation into the effect of fluoxetine exposure on gene expression of sulfotransferase 
enzymes in the placenta, especially since it has been established that placental cells can 
be used to examine the roles of Sult1a1 and Sult1a3 placental metabolism332.
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As far as we are aware this is the only study that has looked at whole transcriptome gene 
expression in association with SSRI exposure in the placentas of rats so far. However, 
Ramsteijn et al.318 previously examined if fluoxetine exposure in control rats and rats 
with a depressive-like phenotype affected placental gene expression with a qPCR study. 
Although twelve genes related to stress and serotonin, neurogenesis, signal transduction 
and angiogenesis were investigated, only one gene (Mapk1; involved in signal transduc-
tion) was differentially expressed in rats with a depressive-like phenotype in comparison 
to control rats. No effect of fluoxetine treatment was found in any of the selected genes 
that were investigated. We compared the list of studied genes with our results and 
confirmed that none of these twelve genes were significantly associated with fluoxetine 
exposure in our study either, reinforcing the evidence that these genes are not affected in 
the rat placenta due to fluoxetine exposure. One of these twelve genes, Rock2, has been 
shown to be affected in human placentas exposed to fluoxetine. We previously found 
that Rock2 was upregulated in placentas of women treated with fluoxetine that were 
carrying a boy (Chapter 4). Another study in humans that used microarrays to assess 
differentially expressed genes in placentas of control women, non-pharmacologically 
treated depressed women, and depressed women treated with SSRIs, found that Rock2 
was downregulated in both depressed and SSRI-treated women80. As we could not rep-
licate this in rats, this might imply that the changed expression in Rock2 in the human 
placenta was a result of the underlying illness rather than the SSRI exposure.

We included placentas that were nourishing both male and female offspring. Our study 
did not show very strong sex effects. However, the indications for sex-specific effects 
were there, i.e. some genes respond quite similar in both sexes, while other genes 
change expression mostly in one sex (Figures 1 and 4). In human placentas, the effects 
of SSRI exposure on placental gene expression were remarkably different for boys and 
girls (Chapter 4). In addition, behavioural outcomes after prenatal SSRI exposure are 
also sex-specific in both humans and rodents75,114,333. Therefore, we stress that future 
studies should include, and separate, the analysis of male and female offspring samples.

In conclusion, our results provide a comprehensive overview of genes in the fetal side of 
the rat placenta that were differentially expressed after treatment with the SSRI fluox-
etine. We did not find the same strong effects that were present in our previous human 
study, suggesting that a large part of the reported effects of SSRIs on human placental 
gene expression might be due to the underlying maternal illness. An interesting excep-
tion is that fluoxetine administration affected genes in both the human and rat placenta 
that are involved in the ECM. Although we have to note that the effects in rats were not 
as strong as in the human placenta, it could hint at important implications of SSRI intake 
for the functioning of the placenta. Moreover, we identified several candidate genes, 
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including Nlgn-3, Sult1a1, and Sult1a3 for further exploration for their role in the effect 
of fluoxetine on offspring development and/or placenta functioning.
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suPPlemenTAry dATA
Table s1: The total number and/or percentage of reads that could be mapped to a reference genome.
sample Input reads Aligned 0 times Aligned 1 time Aligned > 1 time overall alignment

r3275_3 20499947 1677294 (8.18%) 17060700 (83.22%) 1761953 (8.59%) 95.46%

r3275_4 18412852 1759979 (9.56%) 15269447 (82.93%) 1383426 (7.51%) 94.74%

r3303_1 19466276 1640325 (8.43%) 16474178 (84.63%) 1351773 (6.94%) 95.28%

r3303_2 22112551 1887969 (8.54%) 18724229 (84.68%) 1500353 (6.79%) 95.22%

r3339_1 19908014 1719170 (8.64%) 16804572 (84.41%) 1384272 (6.95%) 95.18%

r3339_2 20270566 1784283 (8.80%) 16977638 (83.76%) 1508645 (7.44%) 95.24%

r3347_2 22162385 2013833 (9.09%) 18474060 (83.36%) 1674492 (7.56%) 95.00%

r3347_7 23314783 2122929 (9.11%) 19339729 (82.95%) 1852125 (7.94%) 94.92%

r3370_2 21638238 2102371 (9.72%) 18018037 (83.27%) 1517830 (7.01%) 94.41%

r3370_9 20452682 2489782 (12.17%) 16476368 (80.56%) 1486532 (7.27%) 93.28%

r3372_2 20223668 1904077 (9.42%) 16865717 (83.40%) 1453874 (7.19%) 94.90%

r3372_3 21206181 1916591 (9.04%) 17719451 (83.56%) 1570139 (7.40% 95.09%

r3543_1 22071342 1874195 (8.49%) 18505872 (83.85%) 1691275 (7.66%) 95.10%

r3543_2 19418342 1724455 (8.88%) 16279345 (83.83%) 1414542 (7.28%) 94.90%

r3562_1 22616795 1753696 (7.75%) 18946408 (83.77%) 1916691 (8.47%) 95.63%

r3562_10 22775809 1976235 (8.68%) 19012634 (83.48%) 1786940 (7.85%) 95.33%

r3563_1 19582132 1640610 (8.38%) 16327861 (83.38%) 1613661 (8.24%) 95.33%

r3563_3 22977461 1886398 (8.21%) 19166027 (83.41%) 1925036 (8.38%) 95.47%

r3564_1 21885685 2055304 (9.39%) 17868711 (81.65%) 1961670 (8.96%) 94.67%

r3564_10 19755962 1865775 (9.44%) 16493586 (83.49%) 1396601 (7.07%) 94.72%
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figure s2: Principal coordinates (PC) plot of gene expression data with all 20 placenta samples. Three fe-
male samples (circled) were determined to be outliers and were removed from further analysis.

figure s3: Principal coordinates (PC) plot of gene expression data without the three outliers depicted in 
supplementary Figure S2.
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Table s4a: All differentially expressed genes found for a design with four different groups: male control, 
female control, male SSRI, and female SSRI. BaseMean: the average of the normalized count values, divided 
by size factors, taken over all samples. Log2FoldChange: effect size estimate. lfcSE: standard error of the 
log2FoldChange. Stat: the Wald statistic for the Wald test, which is compared to a standard Normal distribu-
tion to generate a two-tailed p-value. Padj: p-value adjusted for multiple testing using the Benjamini-Hoch-
berg method. Genes marked with * were determined to be significant because of sex differences rather dan 
SSRI treatment (see supplementary Table S4c).
ensemBl Id basemean log2foldChange lfcse stat pvalue padj

ENSRNOG00000052020* 36.3009987 8.210734609 1.097362899 7.482241852 0.0000 0.0000

ENSRNOG00000055225* 195.2324984 -9.166830541 0.80869846 -11.33528873 0.0000 0.0000

ENSRNOG00000060617* 467.7016727 12.14550205 1.037611077 11.70525481 0.0000 0.0000

ENSRNOG00000062152* 21.69137493 7.953342328 1.142138275 6.96355468 0.0000 0.0000

ENSRNOG00000037911* 418.5262124 -4.993585161 0.418286241 -11.93820084 0.0000 0.0000

ENSRNOG00000060048* 1634.45918 13.84935107 1.030293104 13.44214672 0.0000 0.0000

ENSRNOG00000052326* 31.53376866 8.221280463 1.065624121 7.714990963 0.0000 0.0000

ENSRNOG00000057231* 3272.583714 12.35776338 0.741719888 16.6609573 0.0000 0.0000

ENSRNOG00000060496* 733.4402886 12.81424197 1.02851692 12.45895106 0.0000 0.0000

ENSRNOG00000060437* 178.1037016 7.998366757 0.680225212 11.75840974 0.0000 0.0000

ENSRNOG00000056639* 40.60310909 8.419814061 1.071522461 7.857804544 0.0000 0.0000

ENSRNOG00000051257* 1630.657335 -8.578889242 0.274410704 -31.26295413 0.0000 0.0000

ENSRNOG00000060793* 9673.720453 -0.523956236 0.096558458 -5.426311137 0.0000 0.0000

ENSRNOG00000058664* 82.55053654 9.422316089 1.740838514 5.412515872 0.0000 0.0000

ENSRNOG00000002565* 1734.002187 -0.63956952 0.124964102 -5.118025982 0.0000 0.0000

ENSRNOG00000029658 873.0006619 -0.800786418 0.164499468 -4.86801827 0.0000 0.0000

ENSRNOG00000013616* 61.81759373 1.680196714 0.368156281 4.563813798 0.0000 0.0000

ENSRNOG00000027498 2626.009467 0.651939689 0.146463342 4.451214066 0.0000 0.0000

ENSRNOG00000020401 681.270233 -0.533875408 0.128830086 -4.144027418 0.0000 0.0001

ENSRNOG00000003645 11872.64445 0.47118011 0.114067538 4.130711673 0.0000 0.0001

ENSRNOG00000056817 33.58036366 -1.550690667 0.375700168 -4.127468656 0.0000 0.0001

ENSRNOG00000023320* 1935.380802 0.667921343 0.164627961 4.057156144 0.0000 0.0002

ENSRNOG00000018528 7.128565865 6.02252254 1.49059896 4.040337275 0.0001 0.0002

ENSRNOG00000024120 5.079237712 -5.278971375 1.309457592 -4.031418358 0.0001 0.0002

ENSRNOG00000007542 271.4594944 0.665797638 0.167353437 3.978392364 0.0001 0.0003

ENSRNOG00000045785* 487.482592 0.980856807 0.200602072 4.88956469 0.0000 0.0004

ENSRNOG00000048114 505.8914852 0.813773511 0.208920016 3.895143827 0.0001 0.0006

ENSRNOG00000056281* 6.794723526 5.685155297 1.482353078 3.835223458 0.0001 0.0008

ENSRNOG00000022806 150.3742089 -1.426358953 0.37250368 -3.829113724 0.0001 0.0008

ENSRNOG00000014902 927.0917475 0.690091298 0.180995221 3.812759779 0.0001 0.0009

ENSRNOG00000049203 8017.002534 0.309760869 0.082551388 3.752339933 0.0002 0.0012

ENSRNOG00000006204* 355.9774552 0.914089183 0.244271409 3.742104683 0.0002 0.0013

ENSRNOG00000045641 530.2861233 1.529815401 0.409691969 3.734062457 0.0002 0.0013

ENSRNOG00000019342 505.1022641 0.705912505 0.194666754 3.626261244 0.0003 0.0025
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Table s4a: All differentially expressed genes found for a design with four different groups: male control, 
female control, male SSRI, and female SSRI. BaseMean: the average of the normalized count values, divided 
by size factors, taken over all samples. Log2FoldChange: effect size estimate. lfcSE: standard error of the 
log2FoldChange. Stat: the Wald statistic for the Wald test, which is compared to a standard Normal distribu-
tion to generate a two-tailed p-value. Padj: p-value adjusted for multiple testing using the Benjamini-Hoch-
berg method. Genes marked with * were determined to be significant because of sex differences rather dan 
SSRI treatment (see supplementary Table S4c). (continued)

ensemBl Id basemean log2foldChange lfcse stat pvalue padj

ENSRNOG00000017477 405.2334424 0.446623087 0.125305207 3.564281944 0.0004 0.0035

ENSRNOG00000038091 5.487507639 6.120183896 1.726139585 3.545590374 0.0004 0.0038

ENSRNOG00000010725 260.5474421 0.579681444 0.165229546 3.508340107 0.0005 0.0046

ENSRNOG00000015895 618.2098163 -0.626994677 0.179013266 -3.502503989 0.0005 0.0046

ENSRNOG00000005362 2679.622695 0.252081925 0.071915285 3.505262142 0.0005 0.0046

ENSRNOG00000003792* 1553.14354 -0.435122887 0.124790834 -3.486817677 0.0005 0.0049

ENSRNOG00000001245 211.203872 -0.734610816 0.216147765 -3.398650986 0.0007 0.0080

ENSRNOG00000030294 4925.079813 -0.269481397 0.080281746 -3.356695785 0.0008 0.0099

ENSRNOG00000032300 224.1999297 -1.430607962 0.429429072 -3.331418516 0.0009 0.0108

ENSRNOG00000002797 7.947333316 3.328132363 0.999516985 3.329740677 0.0009 0.0108

ENSRNOG00000014835 194.5928852 0.831071843 0.249287309 3.333791219 0.0009 0.0108

ENSRNOG00000047191 36.00082563 -1.212689369 0.366052026 -3.312888012 0.0009 0.0111

ENSRNOG00000049513 7.645437222 5.25885996 1.584238396 3.319487758 0.0009 0.0111

ENSRNOG00000031855 60.44649337 -1.104895691 0.33317254 -3.316286788 0.0009 0.0111

ENSRNOG00000015195 353.9624508 0.556322639 0.169519425 3.281763372 0.0010 0.0127

ENSRNOG00000002451 32209.47031 0.383167418 0.116657995 3.284536299 0.0010 0.0127

ENSRNOG00000050869 1091.195589 0.395346151 0.1206295 3.277358794 0.0010 0.0127

ENSRNOG00000055330* 168.5264333 -0.787520543 0.241904994 -3.255495192 0.0011 0.0136

ENSRNOG00000015465 208.9860489 0.850869153 0.261130776 3.258402416 0.0011 0.0136

ENSRNOG00000032884 52.04495361 1.269215607 0.389460546 3.258906765 0.0011 0.0136

ENSRNOG00000022725 1049.069395 -0.360981714 0.111245625 -3.244907054 0.0012 0.0139

ENSRNOG00000002289 817.793991 0.329247392 0.101376747 3.247760455 0.0012 0.0139

ENSRNOG00000023187 526.667224 -0.604953034 0.187143137 -3.232568638 0.0012 0.0146

ENSRNOG00000007782 1248.96647 1.052379643 0.326090008 3.227267373 0.0012 0.0148

ENSRNOG00000010152 33.08615889 1.269166241 0.394330136 3.218537277 0.0013 0.0153

ENSRNOG00000061262 7609.461831 -0.444636064 0.138511645 -3.210098795 0.0013 0.0157

ENSRNOG00000002339 569.4937404 -0.413094552 0.129249168 -3.196109942 0.0014 0.0167

ENSRNOG00000045772 156.1021859 1.475383719 0.462014444 3.193371413 0.0014 0.0167

ENSRNOG00000030018 258.870385 1.300061973 0.408263127 3.184372745 0.0015 0.0170

ENSRNOG00000055822 472.8002158 -0.566413223 0.1778697 -3.18442784 0.0015 0.0170

ENSRNOG00000024428 3199.708574 0.742259431 0.233737723 3.175608211 0.0015 0.0175

ENSRNOG00000013149 2264.366017 0.385757055 0.121947776 3.163297167 0.0016 0.0184

ENSRNOG00000005906 80.85646976 -1.557331468 0.494450565 -3.149620162 0.0016 0.0196

ENSRNOG00000009773 615.5296491 0.559189068 0.177907509 3.143144829 0.0017 0.0198
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Table s4a: All differentially expressed genes found for a design with four different groups: male control, 
female control, male SSRI, and female SSRI. BaseMean: the average of the normalized count values, divided 
by size factors, taken over all samples. Log2FoldChange: effect size estimate. lfcSE: standard error of the 
log2FoldChange. Stat: the Wald statistic for the Wald test, which is compared to a standard Normal distribu-
tion to generate a two-tailed p-value. Padj: p-value adjusted for multiple testing using the Benjamini-Hoch-
berg method. Genes marked with * were determined to be significant because of sex differences rather dan 
SSRI treatment (see supplementary Table S4c). (continued)

ensemBl Id basemean log2foldChange lfcse stat pvalue padj

ENSRNOG00000042137 273.7337016 -0.487435746 0.15514042 -3.141900389 0.0017 0.0198

ENSRNOG00000051690 189.872658 -0.583992851 0.186279103 -3.135042209 0.0017 0.0202

ENSRNOG00000017637 32.40796225 1.637959464 0.526075514 3.113544386 0.0018 0.0221

ENSRNOG00000012085* 1899.061823 0.390050608 0.125182327 3.115860031 0.0018 0.0221

ENSRNOG00000018920 4052.601713 0.269150912 0.086656718 3.105943983 0.0019 0.0227

ENSRNOG00000003654 4.932358266 -4.645403498 1.506158567 -3.084272532 0.0020 0.0248

ENSRNOG00000062133 40.24944118 1.58951577 0.5153293 3.084466125 0.0020 0.0248

ENSRNOG00000057116 2737.315782 0.312577125 0.101560362 3.077747242 0.0021 0.0253

ENSRNOG00000045747 3878.059008 0.571154166 0.186206561 3.067314932 0.0022 0.0260

ENSRNOG00000007345 36553.1321 -0.45948268 0.14968727 -3.069617614 0.0021 0.0260

ENSRNOG00000010964* 6750.69756 -0.576675376 0.188404055 -3.060843763 0.0022 0.0266

ENSRNOG00000022910 1087.294395 -0.558403954 0.183786537 -3.038328934 0.0024 0.0296

ENSRNOG00000039924 293.5329363 -0.679969182 0.227228138 -2.992451501 0.0028 0.0361

ENSRNOG00000046905 10427.47835 0.334034187 0.111555349 2.994335898 0.0028 0.0361

ENSRNOG00000020067 2600.906823 -0.26593827 0.088743885 -2.996694019 0.0027 0.0361

ENSRNOG00000011398 1793.912168 0.260293701 0.087331577 2.980522182 0.0029 0.0372

ENSRNOG00000006178 27965.78702 -0.350107976 0.117433544 -2.981328538 0.0029 0.0372

ENSRNOG00000011427 1696.459159 0.370648784 0.124389098 2.979752965 0.0029 0.0372

ENSRNOG00000061007 11.47910329 1.893610732 0.636800492 2.973632648 0.0029 0.0380

ENSRNOG00000019219 447.0331632 -0.529082528 0.178176676 -2.969426415 0.0030 0.0383

ENSRNOG00000003359 6103.478658 -0.460556375 0.155263728 -2.966284405 0.0030 0.0385

ENSRNOG00000015024 77.20545541 1.444382354 0.489727692 2.949358137 0.0032 0.0415

ENSRNOG00000002474 1458.15647 0.375911456 0.096469543 3.896685338 0.0001 0.0425

ENSRNOG00000012286 20.41317234 -7.53124414 1.915756484 -3.931211615 0.0001 0.0425

ENSRNOG00000051150* 15.67999203 18.17900065 4.665760726 3.896256519 0.0001 0.0425

ENSRNOG00000003812 109.1719844 -1.186705288 0.405152572 -2.929033083 0.0034 0.0449

ENSRNOG00000010479 12191.79034 -0.472792524 0.161494466 -2.9276082 0.0034 0.0449

ENSRNOG00000007141 2698.901364 0.274188243 0.093541982 2.931178469 0.0034 0.0449

ENSRNOG00000043378 103.5827267 -0.878929726 0.300534411 -2.924556041 0.0034 0.0451

ENSRNOG00000055179* 5277.349588 0.333973674 0.11429404 2.922056783 0.0035 0.0452

ENSRNOG00000042061 7.67121216 -2.945605267 1.011894577 -2.910980387 0.0036 0.0470

ENSRNOG00000000456 221.7516853 -0.67655272 0.232502056 -2.909878446 0.0036 0.0470

ENSRNOG00000005900 433.559971 -0.568228435 0.195774108 -2.902469799 0.0037 0.0483

ENSRNOG00000027017 607.5808096 -0.62422625 0.215831694 -2.892189925 0.0038 0.0492
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Table s4a: All differentially expressed genes found for a design with four different groups: male control, 
female control, male SSRI, and female SSRI. BaseMean: the average of the normalized count values, divided 
by size factors, taken over all samples. Log2FoldChange: effect size estimate. lfcSE: standard error of the 
log2FoldChange. Stat: the Wald statistic for the Wald test, which is compared to a standard Normal distribu-
tion to generate a two-tailed p-value. Padj: p-value adjusted for multiple testing using the Benjamini-Hoch-
berg method. Genes marked with * were determined to be significant because of sex differences rather dan 
SSRI treatment (see supplementary Table S4c). (continued)

ensemBl Id basemean log2foldChange lfcse stat pvalue padj

ENSRNOG00000006096 87.30735609 -1.620255835 0.560879084 -2.888779205 0.0039 0.0492

ENSRNOG00000061275 3.407231273 5.002839271 1.729921057 2.891946573 0.0038 0.0492

ENSRNOG00000010174 1630.143973 -0.287135603 0.099391151 -2.888945339 0.0039 0.0492

ENSRNOG00000038999 925.8176752 -0.592505514 0.204727889 -2.894112367 0.0038 0.0492

ENSRNOG00000011253 501.5297942 0.446429498 0.154756583 2.884720576 0.0039 0.0497

Table s4b: All differentially expressed genes found for the model design with four different groups (male 
control, female control, male SSRI, and female SSRI) contrasted for males (comparing control males and 
fluoxetine males). BaseMean: the average of the normalized count values, divided by size factors, taken 
over all samples. Log2FoldChange: effect size estimate. lfcSE: standard error of the log2FoldChange. Stat: 
the Wald statistic for the Wald test, which is compared to a standard Normal distribution to generate a two-
tailed p-value. Padj: p-value adjusted for multiple testing using the Benjamini-Hochberg method.
ensemBl Id basemean log2foldChange lfcse stat pvalue padj

ENSRNOG00000049203 8017.003 0.43073 0.077864 5.531862 0.0000 0.0007
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Table s4c: All differentially expressed genes found for the model design with four different groups (male 
control, female control, male SSRI, and female SSRI) contrasted for control samples (comparing control 
males and control females). BaseMean: the average of the normalized count values, divided by size factors, 
taken over all samples. Log2FoldChange: effect size estimate. lfcSE: standard error of the log2FoldChange. 
Stat: the Wald statistic for the Wald test, which is compared to a standard Normal distribution to generate a 
two-tailed p-value. Padj: p-value adjusted for multiple testing using the Benjamini-Hochberg method
ensemBl Id basemean log2foldChange lfcse stat pvalue padj

ENSRNOG00000051257 1630.657335 -8.815011523 0.283407701 -31.10364146 0.0000 0.0000

ENSRNOG00000057231 3272.583714 12.62069277 0.741708064 17.01571466 0.0000 0.0000

ENSRNOG00000060048 1634.45918 14.01850411 1.030280915 13.60648723 0.0000 0.0000

ENSRNOG00000037911 418.5262124 -5.401795634 0.422590852 -12.78256641 0.0000 0.0000

ENSRNOG00000060496 733.4402886 12.74496081 1.028516908 12.39159095 0.0000 0.0000

ENSRNOG00000060437 178.1037016 7.954746739 0.680206936 11.6945981 0.0000 0.0000

ENSRNOG00000060617 467.7016727 12.11696389 1.037603854 11.67783238 0.0000 0.0000

ENSRNOG00000055225 195.2324984 -9.231103135 0.807572677 -11.43067787 0.0000 0.0000

ENSRNOG00000056639 40.60310909 8.770574306 1.070685117 8.191553395 0.0000 0.0000

ENSRNOG00000052020 36.3009987 8.644245102 1.096261643 7.885202551 0.0000 0.0000

ENSRNOG00000052326 31.53376866 8.259053223 1.065350498 7.752428182 0.0000 0.0000

ENSRNOG00000062152 21.69137493 7.394863 1.143870312 6.464773952 0.0000 0.0000

ENSRNOG00000058664 82.55053654 9.809735177 1.740562102 5.635958158 0.0000 0.0000

ENSRNOG00000003792 1553.14354 -0.664612812 0.124928187 -5.319958822 0.0000 0.0001

ENSRNOG00000023320 1935.380802 0.833448268 0.164536117 5.065442686 0.0000 0.0005

ENSRNOG00000060793 9673.720453 -0.484368131 0.096538068 -5.017379569 0.0000 0.0006

ENSRNOG00000051150 15.67999203 20.2167562 4.120099398 4.906861279 0.0000 0.0010

ENSRNOG00000006204 355.9774552 1.13941902 0.243878752 4.672071721 0.0000 0.0031

ENSRNOG00000012085 1899.061823 0.58125802 0.125039085 4.648610613 0.0000 0.0033

ENSRNOG00000013616 61.81759373 1.686542614 0.367796534 4.58553156 0.0000 0.0041

ENSRNOG00000002565 1734.002187 -0.572226026 0.124853355 -4.583185014 0.0000 0.0041

ENSRNOG00000045785 487.482592 0.798314837 0.176915023 4.512419715 0.0000 0.0055

ENSRNOG00000055330 168.5264333 -1.088412719 0.243000596 -4.479053706 0.0000 0.0062

ENSRNOG00000057706 3887.278769 -0.743697713 0.168675464 -4.409044997 0.0000 0.0082

ENSRNOG00000048039 69.85585773 -1.354511537 0.309050552 -4.382815457 0.0000 0.0089

ENSRNOG00000015835 188.2905375 -1.139756262 0.269754717 -4.22515785 0.0000 0.0174

ENSRNOG00000055179 5277.349588 0.478476487 0.11424643 4.188108879 0.0000 0.0197

ENSRNOG00000002376 1451.976222 -0.998355094 0.239755466 -4.164055623 0.0000 0.0211

ENSRNOG00000056281 6.794723526 5.850748355 1.47995496 3.953328656 0.0001 0.0496

ENSRNOG00000010964 6750.69756 -0.743977769 0.188417075 -3.948568718 0.0001 0.0496
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figure s5: Expression of serotonin related genes in placentas exposed to fl uoxetine and control treatment. 
Gene expression is expressed as the number of reads (counts) per sample per gene for male placentas 
(M) and female placentas (F) exposed to a vehicle (Control) or to fl uoxetine treatment (SSRI). Tph2 (EN-
SRNOG00000003880), Htr1a (ENSRNOG00000010254), and Htr2c (ENSRNOG00000030877) did not appear 
in the gene count matrix.
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