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Abstract
Neutrophils are essential effectors cells of the innate immune system 
that have recently been recognized as thyroid hormone (TH) target 
cells. Cellular TH bioavailability is regulated by the deiodinase enzymes, 
which can activate or inactivate TH. We have previously shown that the 
TH inactivating enzyme type 3 deiodinase (D3) is present in neutrophils. 
Furthermore, D3 knockout (D3KO) mice show impaired bacterial killing 
upon infection. We hypothesized that D3 plays a role in neutrophil 
function during infection by actively regulating local TH availability. We 
measured TH concentrations in cerebrospinal fluid (CSF) from patients 
with bacterial meningitis and controls. Bacterial meningitis resulted in 
marked changes in CSF TH levels, characterized by a strong increase 
of thyroxine and reverse-triiodothyronine concentrations. This altered TH 
profile was consistent with elevated D3 activity in infiltrating neutrophils 
at the site of infection. D3 knockdown in zebrafish embryos with 
pneumococcal meningitis resulted in increased mortality and reduced 
neutrophil infiltration during infection. Finally, stimulated neutrophils 
from female D3KO mice exhibited impaired NADPH-oxidase activity, 
an important component of the neutrophil bacterial killing machinery. 
These consistent findings across experimental models strongly support 
a critical role for reduced intracellular TH concentrations in neutrophil 
function during infection, for which the TH inactivating enzyme D3 
appears essential [1].

The aim of this study was to examine the adverse effects of lead (Pb) 
exposure on Bufo gargarizans embryos. The 96 h-LC50 of Pb2+ for B. 
gargarizans embryos was determined to be 26.6 mg L-1 after an acute 
test. In the chronic test, B. gargarizans embryos at Gosner stage 3 
were exposed to 10~2000  μg  Pb2+  L-1 during embryogenesis. Total 
length, weight, developmental stage, and malformation were monitored. 
In addition, the transcript levels of type II and type III iodothyronine 
deiodinase (Dio2 and Dio3) and thyroid hormone receptors (TRα and TRβ) 
were determined to assess the thyroid-disrupting effects of Pb2+. Slightly 
increased growth and development of B. gargarizans embryos were 
observed at low concentrations of Pb2+ (10, 50, and 100 μg L-1), while 
retarded growth and development were found at high concentrations 
of Pb2+ (1000 and 2000  μg  L-1). In addition, Pb2+ exposure induced 
morphological abnormalities, which were characterized by edema at 
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tail, wavy fin, abdominal edema, stunted growth, hyperplasia, 
and axial flexures in B. gargarizans embryos. Furthermore, our 
results showed that exposure to 2000 μg Pb2+ L-1 decreased 
the transcript levels of Dio2, TRα, and TRβ, but it increased Dio3 
mRNA level. In contrast, exposure to 50 μg Pb2+ L-1 increased 
TRα mRNA level and decreased Dio3 mRNA level. These results 
suggested that Pb2+ might have thyroid-disrupting effects, 
leading to the disruption of growth and development in B. 
gargarizans embryos [2].

Decabromodiphenyl ether (BDE-209) was one of most widely-
used polybrominated diphenyl ether (PBDE) flame retardants and 
is frequently detected in both a biotic and biotic samples from 
environment. However, knowledge of its Trans generational risks 
is limited. Here, 4-month-old zebrafish were exposed to various 
concentrations of BDE-209 (0, 3, 30 or 300μg/L) for 28days and 
spawned in clean water without BDE-209. Concentrations of 
triiodothyronine (T3) and thyroxine (T4) as well as expressions 
of genes involved in the hypothalamic-pituitary-thyroid (HPT) 
axis were measured in offspring after exposure of adult 
zebrafish to BDE-209. BDE-209 was accumulated in adult fish 
and F1 eggs, which suggests transfer of this compound from 
adult fish to their offspring. Exposure of BDE-209 to parents 
resulted in developmental abnormalities in offspring and a 
significant decrease in T4 concentrations in F1 larvae 120h 
post-fertilization (hpf). Furthermore, expressions of several 
genes involved in the HPT axis were also altered. Expressions of 
thyroid hormone receptor α (tr-α), thyrotropin releasing hormone 
(trh), thyroid stimulating hormone β (tsh-β) and deiodinase 1 
(dio 1) were significantly down-regulated in F1 individuals, while 
expressions of thyroid stimulating hormone receptor (tshr) 
and transthyretin (ttr) were significantly up-regulated. These 
results suggest that exposure of parent zebrafish to BDE-209 
can cause developmental toxicity in offspring and disruption 
of the thyroid endocrine system of offspring [3]. Thyroid 
hormones (THs) are essential for the correct development of 
nearly every structure in the body from the very early stages of 
development, yet the embryonic thyroid gland is not functional 
at these stages. To clarify the roles of the egg yolk as a source 
of THs, the TH content in the yolk and the expression of TH 
regulator genes in the yolk sac membrane were evaluated 
throughout the 21-day incubation period of chicken embryos. 
The yolk TH content (22.3 ng triiodothyronine and 654.7 ng 
thyroxine per total yolk on day 4 of incubation) decreased 
almost linearly along with development. Real-time PCR revealed 
gene expression of transthyretin, a principal TH distributor in 

the chicken, and of a TH-inactivating iodothyronine deiodinase 
(DIO3), until the second week of incubation when the embryonic 
pituitary-thyroid axis is generally thought to start functioning. 
The TH-activating deiodinase (DIO2) and transmembrane 
transporter of thyroxine (SLCO1C1) genes were expressed in 
the last week of incubation, which coincided with a marked 
increase of circulating thyroxine and a reduction in the yolk sac 
weight. DIO1, which can remove iodine from inactive THs, was 
expressed throughout the incubation period. It is assumed that 
the chicken yolk sac inactivates THs contained abundantly in 
the yolk and supplies the hormones to the developing embryo in 
appropriate concentrations until the second week of incubation, 
while THs may be activated in the yolk sac membrane in the last 
week of incubation. Additionally, the yolk sac could serve as a 
source of iodine for the embryo [4].

Case Report 1
Background

The developmentally important DLK1-DIO3 imprinted domain 
on human chromosome 14 is regulated by 2 differentially 
methylated regions, the intergenic differentially methylated 
region and the MEG3 differentially methylated region.

Objective

The aim was to determine the natural variation in DNA 
methylation at these differentially methylated regions in human 
placentas, and to determine its link to gene expression levels 
at the domain. The second goal was to explore whether the 
domain’s methylation and gene expression correlate with 
prenatal and early postnatal growth of the conceptus.

Study design

Using pyrosequencing, we determined methylation levels 
at CpG dinucleotides across the 2 regulatory differentially 
methylated regions in placentas from 91 healthy mothers. At 
birth, placentas and infants were weighed (gestational age 39 ± 
1 weeks; birth weight SD score 0.1 ± 0.8) and placental biopsies 
were collected. RNA expression was quantitated by real-time 
polymerase chain reaction. Infants’ weights and lengths were 
followed up monthly during the first year.

Results

Methylation levels at the 2 regulatory differentially methylated 
regions were linked and varied considerably between placentas. 
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MEG3 promoter differentially methylated region methylation 
correlated negatively with weight increase (β = -0.406, P = .001, 
R2  = 0.206) and  length increase (β  = -0.363, P  = .002, R2  = 
0.230) during the first postnatal year. The methylation level of 
the intergenic differentially methylated region correlated with 
DIO3 expression (β = 0.313, P = .032, R2 = 0.152). Furthermore, 
the expression of both DIO3 and RTL1 (both  imprinted genes 
within the DLK1-DIO3 domain) was negatively associated with 
Birth weight (β = -0.331, P = .002, R2 = 0.165; and β = -0.307, P = 
.005, R2 = 0.159, respectively). RTL1 expression, in addition, was 
negatively linked to birth length (β = -0.306, P = .007, R2 = 0.162).

Conclusion

Our combined findings strongly suggest that placental DNA 
methylation at the DLK1-DIO3 domain’s intergenic differentially 
methylated region and MEG3 promoter differentially methylated 
region relates to measures of early human growth, and may 
thus contribute to its control [5]. Inflation of the posterior and/
or anterior swim bladder is a process previously demonstrated 
to be regulated by thyroid hormones. We investigated whether 
inhibition of deiodinases, which convert thyroxine (T4) to the 
more biologically active form, 3,5,3’-triiodothyronine (T3), 
would impact swim bladder inflation. Two experiments were 
conducted using a model deiodinase inhibitor, iopanoic acid 
(IOP). First, fathead minnow embryos were exposed to 0.6, 1.9, 
or 6.0 mg/L or control water until 6 d postfertilization (dpf), at 
which time posterior swim bladder inflation was assessed. 
To examine anterior swim bladder inflation, a second study 
was conducted with 6-dpf larvae exposed to the same IOP 
concentrations until 21 dpf. Fish from both studies were sampled 
for T4/T3 measurements and gene transcription analyses. 
Incidence and length of inflated posterior swim bladders 
were significantly reduced in the 6.0 mg/L treatment at 6 dpf. 
Incidence of inflation and length of anterior swim bladder were 
significantly reduced in all IOP treatments at 14 dpf, but inflation 
recovered by 18 dpf. Throughout the larval study, whole-body T4 
concentrations increased and T3 concentrations decreased in 
all IOP treatments. Consistent with hypothesized compensatory 
responses, deiodinase-2 messenger ribonucleic acid (mRNA) 
was up-regulated in the larval study, and thyroperoxidase mRNA 
was down-regulated in all IOP treatments in both studies. 
These results support the hypothesized adverse outcome 
pathways linking inhibition of deiodinase activity to impaired 
swim bladder inflation. Thyroid hormone (TH) is critical for 
vertebrate postembryonic development as well as embryonic 
development. Chinese toad (Bufo gargarizans) embryos were 

exposed to different concentrations of cadmium (5, 50, 100, 200 
and 500μg Cd L-1) for 7days. Malformations were monitored 
daily, and growth and development of embryos were measured 
at day 4 and 7, and type 2 and 3 iodothyronine deiodinase (Dio2 
and Dio3), thyroid hormone receptors (TRα and TRβ) mRNA 
levels were also measured to assess disruption of TH synthesis. 
In addition, superoxide dismutase (SOD), glutathione peroxidase 
(GPx) and heat shock proteins (HSPs) mRNA expression were 
examined to evaluate the ability of scavenging ROS. Our results 
demonstrated a bimodal inhibitory effect of Cd on the embryo 
growth and development of Bufo gargarizans. Reduced mean 
stage, total length and weight were observed at 5, 50, 200 and 
500, but not at 100μg Cd L-1. Embryos malformation occurred 
in all cadmium treatments. Morphological abnormalities of 
embryos are characterized by axial flexures, abdominal edema, 
stunted growth and fin flexure. Real-time PCR results show that 
exposure to cadmium down-regulated TRα and Dio3 mRNA 
expression and up-regulated Dio2 mRNA level. SOD and GPx 
mRNA expression was significantly up-regulated after cadmium 
exposure. We concluded that cadmium could change mRNA 
expression of TRα, Dio2 and Dio3 leading the inhibition of growth 
and development of B. gargarizans embryo, which suggests 
that cadmium might have the endocrine-disrupting effect in 
embryos. Moreover, the reduced ability of scavenging ROS 
induced by cadmium might be responsible for the teratogenic 
effects of cadmium [7].

Case Report 2
Background

 Brominated flame retardants (BFRs) are endocrine disruptors 
that bioaccumulate in the placenta, but it remains unclear if they 
disrupt  tissue thyroid hormone (TH) metabolism. Our primary 
goal was to investigate associations between placental BFRs, TH 
levels, Type 3 deiodinase (DIO3) activity and TH sulfotransferase 
(SULT) activities.

Methods

 Placenta samples collected from 95 women who delivered term 
(>37 weeks) infants in Durham, NC, USA (enrolled 2010-2011) 
were analyzed for polybrominated diphenyl ethers (PBDEs), 
2,4,6-tribromophenol (2,4,6-TBP), THs (T4, T3 and rT3), and 
DIO3 and TH SULT activities.

Results
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 PBDEs and 2, 4, 6-TBP were detected in all placenta samples. 
PBDEs were higher in placental tissues from male infants 
compared to female infants, with 2, 4, 6-TBP and BDE-209 levels 
approximately twice as high. Among male infants, placental 
BDE-99 and BDE-209 were negatively associated with rT3 
placental levels. For female infants, placental BDE-99 and 2, 
4, 6-TBP were positively associated with T3 concentrations. 
DIO3 activity was also significantly higher in placental tissues 
from male infants compared to females, while 3, 3’-T2 SULT 
activity was significantly higher in placental tissues from 
females compared to males. Among males, several PBDE 
congeners were positively correlated with T3 SULT, while BDE-
99 was negatively associated with T3 SULT among females. 
Associations generally remained after adjustment for potential 
confounding by maternal age and gestational age at delivery.

Conclusions

These results suggest BFRs accumulate  in the placenta 
and potentially alter TH function in a sex-specific manner, a 
possible mechanism to explain the sex-dependent impacts of 
environmental exposure on children’s growth and development. 
More research is needed to elucidate the effects of BFRs on 
placenta function during pregnancy, as well as the biological 
consequences of exposure and thyroid disruption [8].

Case Report 3
Objectives

Investigate the proportion of abnormalities identified on the 
diagnostic assessment performed after at least two previous 
failed IVF attempts. Discuss the real benefit of this evaluation.

Methods

Retrospective descriptive study. Between January  2008 and 
January 2012, 205 couples with at least two consecutive failed 
IVF attempts had a diagnosis evaluation which consisted in 
couple’s karyotypes; autoimmune and haemostasis biological 
check-up, pelvic ultrasound-Doppler and hysteroscopy for 
women.

Results

The main biological anomalies were autoimmune for 
23.9% of women: antinuclear antibodies (5.7%), antithyroid 
peroxidase (11.5%) and antithyroglobulin (8.3%); thrombotic 
with antiphospholipid antibodies for 8.2% of women (1.4% 

lupus anticoagulant and 6.8% anticardiolipin antibodies), and 
heterozygous prothrombin gene mutation for 9.5%. Karyotypes 
were abnormal for 2.1% of women and 0% of men. Ultrasound-
Doppler appeared to be abnormal in 44.7% of cases (pulsatility 
index of uterine artery ≥ 3 and/or protodiastolic notch), and 
diagnostic hysteroscopy was abnormal in 14.6% of cases. 
In order to target the real implantation failure, we compared 
the groups “<8  embryos transferred” versus”≥ 8  embryos 
transferred” and “pregnancy after the third or fourth IVF cycle” 
versus “no pregnancy”, but no statistically significant difference 
was found.

Conclusion

The diagnostic assessment carried out for recurrent IVF 
failure can detect biological, karyotypic and morphological 
abnormalities, in the same proportion that in previous studies. 
Further studies will have to be conducted to evaluate the real 
impact of these abnormalities in the recurrent implantation 
failure and the effectiveness of therapeutic care [9] Triclosan 
(TCS) is commonly used worldwide in a range of personal care 
and sanitizing products. The aim of this study was to evaluate 
potential effects of TCS exposure on embryonic development of 
Bufo gargarizans, an endemic frog species in China. Standard 
Gosner stage 3 B. gargarizans embryos were exposed to 
10 ~ 150 μg/L TCS during embryogenesis. Survival, total length, 
weight, developmental stage, duration of different embryo 
stages, malformation, and type II and III deiodinase (D2 and 
D3) expression were measured. Inhibitory effects on embryo 
developmental stage, total length and weight were found 
at 30 ~ 150 μg/L TCS. Moreover, the duration of embryonic 
development was increased at gastrula, neural, circulation, 
and operculum development stage in TCS-treated groups. In 
addition, TCS exposure induced morphological malformations 
in B. gargarizans embryos, which are characterized by 
hyperplasia, abdominal edema, and axial flexures. Furthermore, 
our results showed that the expression of D2 in embryos was 
probably down-regulated at 60 and 150 μg/L TCS, but its spatial 
expression patterns was not affected by TCS. In summary, our 
study suggested that TCS exposure not only resulted in delayed 
growth and development but also caused teratogenic effects 
in B. gargarizans embryos, and the developmental effects of 
TCS at high concentrations may be associated with disruption 
of THs homeostasis. Although further studies are necessary, 
the present findings could provide a basis for understanding 
on harmful effects and the potential mechanisms of TCS in 
amphibian embryos [10].
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Case Report 4
Background

Before the onset of fetal thyroid hormone production, the 
transplacental delivery of maternal thyroid hormones is 
necessary for embryonic and fetal development. Therefore, 
the adaptation of maternal thyroid hormone metabolism may 
be important for pregnancy success and embryo survival. The 
aims of this study were to determine the thyroid hormone levels 
during the early peri-implantation period until day 18 and on 
the day of ovulation, to determine whether pregnancy success 
is dependent on a “normothyroid status” and to determine 
whether physiological adaptations in maternal thyroid hormone 
metabolism occur, which may be necessary to provide sufficient 
amounts of biologically active T3 to support early pregnancy. 
Therefore, blood samples obtained on the day of ovulation 
(day  0) and days 14 and 18 of the Holstein-Friesian heifers 
(n  =  10) during the respective pregnant, non-pregnant and 
negative control cycles were analyzed for thyroid-stimulating-
hormone (TSH), thyroxine (T4) and triiodothyronine (T3). Liver 
biopsies (day  18) from pregnant and respective non-pregnant 
heifers were analyzed for mRNA expression of the most 
abundant hepatic thyroid hormone deiodinase (DIO1) by real 
time qPCR.

Results

 Although liver DIO1 mRNA expression did not differ between 
the pregnant and non-pregnant heifers on day  18, the serum 
concentrations of TSH and T3 on day  18 were higher in non-
pregnant heifers compared to pregnant heifers (P  <  0.05). 
Moreover, T3 decreased between day  0 and 18 in pregnant 
heifers (P < 0.001).

Conclusions

In conclusion, no associations between thyroid hormone 
patterns on day 18 and pregnancy success were detected. 
During the early peri-implantation period, TSH and T3 may be 
affected by the pregnancy status because both TSH and T3 were 
lower on day 18 in pregnant heifers compared to non-pregnant 
dairy heifers. In further studies, the thyroid hormone axis should 
be evaluated throughout the entire gestation to confirm these 
data and identify other possible effects of pregnancy on the 
thyroid hormone axis in cattle [11].

The genome-wide depletion of 5-methylcytosines (5meCs) 
caused by passive dilution through DNA synthesis without 

daughter strand methylation and active enzymatic processes 
resulting in replacement of 5meCs with unmethylated cytosines 
is a hallmark of primordial germ cells (PGCs). Although recent 
studies have shown that in vitro differentiation of pluripotent 
stem cells (PSCs) to PGC-like cells (PGCLCs) mimics the in vivo 
differentiation of epiblast cells to PGCs, how DNA methylation 
status of PGCLCs resembles the dynamics of 5meC erasure 
in embryonic PGCs remains controversial. Here, by differential 
detection of genome-wide 5meC and 5-hydroxymethylcytosine 
(5hmeC) distributions by deep sequencing, we show that 
PGCLCs derived from mouse PSCs recapitulated the process 
of genome-wide DNA demethylation in embryonic PGCs, 
including significant demethylation of imprint control regions 
(ICRs) associated with increased mRNA expression of the 
corresponding imprinted genes. Although 5hmeCs were also 
significantly diminished in PGCLCs, they retained greater 
amounts of 5hmeCs than intragonadal PGCs. The genomes of 
both PGCLCs and PGCs selectively retained both 5meCs and 
5hmeCs at a small number of repeat sequences such as GSAT_
MM, of which the significant retention of bisulfite-resistant 
cytosines was corroborated by reanalysis of previously published 
whole-genome bisulfite sequencing data for intragonadal PGCs. 
PSCs harboring abnormal hypermethylation at ICRs of the Dlk1-
Gtl2-Dio3 imprinting cluster diminished these 5meCs upon 
differentiation to PGCLCs, resulting in transcriptional reactivation 
of the Gtl2 gene. These observations support the usefulness of 
PGCLCs in studying the germline epigenetic erasure including 
imprinted genes, epimutations, and erasure-resistant loci, which 
may be involved in transgenerational epigenetic inheritance 
[12]. Several groups have reported that human umbilical cord 
Wharton’s jelly stem cells (hWJSCs) possess unique tumoricidal 
properties against many cancers. However, the exact 
mechanisms as to how hWJSCs inhibit tumor growth are not 
known. Recent evidence suggests that exposure of cancer cells 
to high hydrogen peroxide (H2O2) levels from H2O2 -releasing 
drugs causes their death. We therefore explored whether the 
tumoricidal effect of hWJSCs on lymphoma cells was mediated 
via H2O2. We first exposed lymphoma cells to six different 
molecular weight cut-off (MWCO) concentrates of hWJSC-
conditioned medium (hWJSC-CM) (3, 5, 10, 30, 50, 100 kDa) for 
48 h. Since, the 3 kDa-MWCO concentrate showed the greatest 
cell inhibition we then investigated whether the tumoricidal 
effect of the specific 3 kDa-MWCO concentrate on two different 
lymphoma cell lines (Ramos and Toledo) was mediated via 
accumulation of H2 O2. We used a battery of assays (MTT, 
propidium iodide, mitochondria membrane potential, apoptosis, 
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cell cycle, oxidative stress enzymes, hydrogen peroxide, 
mitochondrial superoxide, hydroxyl radical, peroxynitrile anion, 
and lipid peroxidation) to test this mechanism. The hWJSC-
CM-3 kDa MWCO concentrate significantly decreased cell 
viability and mitochondrial membrane potential and increased 
cell death and apoptosis in both lymphoma cell lines. There were 
significant increases in superoxide dismutase with concomitant 
decreases in glutathione peroxidase, catalase, and thioredoxin 
peroxidase activities. H2 O2 levels, mitochondrial superoxide, 
hydroxyl radical, peroxynitrile anion, and lipid peroxidation 
were also significantly increased in both lymphoma cell lines. 
The results suggested that the hWJSC-CM-3 kDa MWCO 
concentrate regulates cellular H2 O2 leading to a tumoricidal 
effect and may thus be a promising anti-lymphoma agent [13].

Case Report 5
Objective

 To explore the correlation between thyroid peroxidase antibody 
(TPOAb) and outcomes during pregnancy and the effects of 
treatment on outcomes.

Methods

PubMed, Cochrane Library, Science Direct, Embase, Chinese 
Biomedicine, and Wanfang data had been searched. Case-control 
and cohort studies about TPOAb and pregnancy outcomes 
were searched according to the inclusion and exclusion criteria. 
Fifty studies were finally recruited (all of cohort-studies, 10 for 
English and 5 for Chinese). Review Manager 5.3 was used to 
test the heterogeneity of the results among the different studies 
and amalgamate the effect size using fixed or random effect 
models.

Results

Meta-analysis showed TPOAb (+)with normal thyroid function 
increase the risks of miscarriage, and premature delivery, 
OR calculated were 2.02(95%CI:1.13-3.62, P=0.001)and 
1.39(95%CI: 1.11-1.76, P=0.005), while showed no relative risk 
to hypertensive disease, placental abruption in pregnancy and 
fetal growth restriction, OR calculated were 1.29(95%CI: 1.00-
1.67, P=0.080), 0.42(95%CI:0.12-1.43, P=0.210) and 1.61(95% 
CI: 0.23-11.12, P=0.100). TPOAb (+) with normal thyroid function 
increase miscarriage in vitro fertilization and embryo transfer 
(IVF-ET), OR calculated were 2.14(95%CI: 1.43-3.21, P=0.000). 
Levothyroxine (LT4) for patients of TPOAb (+) with normal 

thyroid dysfunction decrease adverse obstetric outcomes, OR 
calculated were 0.43(95%CI: 0.22-0.85, P=0.020).

Conclusions

 TPOAb(+)with normal thyroid function increase the risks of 
miscarriage, and premature delivery. TPOAb(+)with normal 
thyroid function increase miscarriage in IVF-ET. LT4 for patients 
of TPOAb(+)with normal thyroid dysfunction decrease adverse 
obstetric outcomes [14].

Case Report 6
Objective

 To predict the impact of thyroid autoimmunity (TAI) on the 
probability of delivery after a defined number of treatment 
cycles, using analysis of cumulative delivery rates in patients 
with and without TAI.

Design

Retrospective cohort study performed at the Center for 
Reproductive Medicine and Department of Endocrinology, 
University Hospital of Brussels, approved by the institutional 
review board of the hospital. 

Setting: University hospital.

Patient(S)

All patients who started their first IVF/intracytoplasmic sperm 
injection cycle at our fertility center between January 1, 2010 
and December 31, 2011 were included.

Main outcome measure(S)

Live birth delivery after 25  weeks’ gestation was taken as the 
primary endpoint of our study Cumulative delivery rates were 
calculated for both groups until six treatment cycles.

Intervention(S)

All patients (in both groups) received the usual IVF treatment 
protocols (i.e., antagonist or agonist protocol).

Result(S)

In total 2,406 women who consulted our center were included. 
We included 333 patients with TAI and 2019 patients without 
TAI. In the TAI group the crude cumulative delivery rate after six 
cycles was 47%, whereas the expected cumulative delivery rate 
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was 65%. In our control the crude cumulative delivery rate after 
six cycles was 47%, whereas the expected cumulative delivery 
rate was 76%.

Conclusion(S)

Our study did not confirm an influence of TAI status in patients 
undergoing fertility treatment on cumulative delivery rates 
after six IVF/intracytoplasmic sperm injection cycles [15]. 
Disruption of the thyroid hormone (TH) system, an important 
mode of action, can lead to ecologically relevant adverse 
outcomes, especially during embryonic development. The 
present study characterizes the effects of disruption of TH 
synthesis on swim bladder inflation during zebrafish early-
life stages using 2-mercaptobenzothiazole (MBT), a thyroid 
peroxidase (TPO) inhibitor. Zebrafish were exposed to different 
MBT concentrations until 120/168h post fertilization (hpf) 
and 32days post fertilization (dpf), in two sets of experiments, 
to investigate the effects of TPO inhibition on posterior and 
anterior swim bladder inflation respectively, as well as whole 
body thyroid hormone concentrations (triiodothyronine (T3) and 
its prohormone, thyroxine (T4)). At 120hpf, MBT did not directly 
impair posterior chamber inflation or size, while anterior chamber 
inflation and size was impaired at 32dpf. As previously shown 
in amphibians and mammals, we confirmed that MBT inhibits 
TPO in fish. Whole-body T4 decreased after MBT exposure at 
both time points, while T3 levels were unaltered. There was 
a significant relationship between T4 levels and the anterior 
chamber surface at 32dpf. The absence of effects on posterior 
chamber inflation can possibly be explained by maternal 
transfer of T4 into the eggs. These maternally derived THs are 
depleted at 32dpf and cannot offset TPO inhibition, resulting in 
impaired anterior chamber inflation. Therefore, we hypothesize 
that TPO inhibition only inhibits swim bladder inflation during 
late development, after depletion of maternally derived T4. In 
a previous study, we showed that iodothyronine deiodinase 
(ID) knockdown impaired posterior chamber inflation during 
early development. Our findings, in parallel with similar effects 
observed in fathead minnow (see part I, this issue) suggest that 
thyroid disruption impacts swim bladder inflation, and imply an 
important distinction among specific subtypes of TH disrupting 
chemicals. However, the existence of another - yet unknown 
– mode of action of MBT impacting swim bladder inflation 
cannot be excluded. These results can be helpful for delineating 
adverse outcome pathways (AOPs) linking TPO inhibition, ID 
inhibition and other TH related molecular initiating events, to 
impaired swim bladder inflation in fish during early life stages. 

Such AOPs can support the use of in vitro enzyme inhibition 
assays for predicting reduced survival due to impaired posterior 
and anterior chamber inflation [16]. The hypothalamic-pituitary-
thyroid axis is governed by hypophysiotropic TRH-synthesizing 
neurons located in the hypothalamic paraventricular nucleus 
under control of the negative feedback of thyroid hormones. 
The mechanisms underlying the ontogeny of this phenomenon 
are poorly understood. We aimed to determine the onset of 
thyroid hormone-mediated hypothalamic-negative feedback 
and studied how local hypothalamic metabolism of thyroid 
hormones could contribute to this process in developing 
chicken. In situ hybridization revealed that whereas exogenous 
T4 did not induce a statistically significant inhibition of TRH 
expression in the paraventricular nucleus at embryonic day (E) 
19, T4 treatment was effective at 2 days after hatching (P2). In 
contrast, TRH expression responded to T3 treatment in both 
age groups. TSHβ mRNA expression in the pituitary responded 
to T4 in a similar age-dependent manner. Type 2 deiodinase 
(D2) was expressed from E13 in tanycytes of the mediobasal 
hypothalamus, and its activity increased between E15 and P2 
both in the mediobasal hypothalamus and in tanycyte-lacking 
hypothalamic regions. Nkx2.1 was coexpressed with D2 in E13 
and P2 tanycytes and transcription of the cdio2 gene responded 
to Nkx2.1 in U87 glioma cells, indicating its potential role in 
the developmental regulation of D2 activity. The T3-degrading 
D3 enzyme was also detected in tanycytes, but its level was 
not markedly changed before and after the period of negative 
feedback acquisition. These findings suggest that increasing 
the D2-mediated T3 generation during E18-P2 could provide 
the sufficient local T3 concentration required for the onset of 
T3-dependent negative feedback in the developing chicken 
hypothalamus [17]. The cerebellum is a morphologically 
unique brain structure that requires thyroid hormones (THs) 
for the correct coordination of key cellular events driving its 
development. Unraveling the interplay between the multiple 
factors that can regulate intracellular TH levels is a key step 
to understanding their role in the regulation of these cellular 
processes. We therefore investigated the regional/cell-specific 
expression pattern of TH transporters and deiodinases in 
the cerebellum using the chicken embryo as a model. In situ 
hybridization revealed expression of the TH transporters 
monocarboxylate transporter 8 (MCT8) and 10 (MCT10), L-type 
amino acid transporter 1 (LAT1) and organic anion transporting 
polypeptide 1C1 (OATP1C1) as well as the inactivating type 3 
deiodinase (D3) in the fourth ventricle choroid plexus, suggesting 
a possible contribution of the resulting proteins to TH exchange 
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and subsequent inactivation of excess hormone at the blood-
cerebrospinal fluid barrier. Exclusive expression of LAT1 and the 
activating type 2 deiodinase (D2) mRNA was found at the level 
of the blood-brain barrier, suggesting a concerted function for 
LAT1 and D2 in the direct access of active T3 to the developing 
cerebellum via the capillary endothelial cells. The presence of 
MCT8 mRNA in Purkinje cells and cerebella nuclei during the 
first 2  weeks of embryonic development points to a potential 
role of this transporter in the uptake of T3 in central neurons. At 
later stages, together with MCT10, detection of MCT8 signal in 
close association with the Purkinje cell dendritic tree suggests 
a role of both transporters in TH signaling during Purkinje cell 
synaptogenesis. MCT10 was also expressed in late-born cells 
in the rhombic lip lineage with a clear hybridization signal in 
the outer external granular layer, indicating a potential role 
for MCT10 in the proliferation of granule cell precursors. By 
contrast, expression of D3 in the first-born rhombic lip-derived 
population may serve as a buffering mechanism against high 
T3 levels during early embryonic development, a hypothesis 
supported by the pattern of expression of a fluorescent TH 
reporter in this lineage. Overall, this study builds a picture of the 
TH dependency in multiple cerebella cell types starting from 
early embryonic development [18].

Case Report 7
Background

Thyroid hormone is involved in the regulation of early brain 
development. Since the fetal thyroid gland is not fully functional 
until week 18-20 of pregnancy, neuronal migration and other 
crucial early stages of intrauterine brain development largely 
depend on the supply of maternal thyroid hormone. Current 
clinical practice mostly focuses on preventing the negative 
consequences of low thyroid hormone concentrations, but 
data from animal studies have shown that both low and high 
concentrations of thyroid hormone have negative effects on 
offspring brain development. We aimed to investigate the 
association of maternal thyroid function with child intelligence 
quotient (IQ) and brain morphology.

Methods

In this population-based prospective cohort study, embedded 
within the Generation R Study (Rotterdam, Netherlands), we 
investigated the association of maternal thyroid function with 
child IQ (assessed by non-verbal intelligence tests) and brain 

morphology (assessed on brain MRI scans). Eligible women 
were those living in the study area at their delivery date, which 
had to be between April 1, 2002, and Jan 1, 2006. For this 
study, women with available serum samples who presented in 
early pregnancy (<18 weeks) were included. Data for maternal 
thyroid-stimulating hormone, free thyroxine, thyroid peroxidase 
antibodies (at weeks 9-18 of pregnancy), and child IQ (assessed 
at a median of 6·0 years of age [95% range 5·6-7·9 years]) or brain 
MRI scans (done at a median of 8·0 years of age [6·2-10·0]) were 
obtained. Analyses were adjusted for potential confounders 
including concentrations of human chorionic gonadotropin and 
child thyroid-stimulating hormone and free thyroxine.

Findings

 Data for child IQ were available for 3839 mother-child pairs, 
and MRI scans were available from 646 children. Maternal 
free thyroxine concentrations showed an inverted U-shaped 
association with child IQ (p=0·0044), child grey matter volume 
(p=0·0062), and cortex volume (p=0·0011). For both low and 
high maternal free thyroxine concentrations, this association 
corresponded to a 1·4-3·8 points reduction in mean child IQ. 
Maternal thyroid-stimulating hormone was not associated with 
child IQ or brain morphology. All associations remained similar 
after the exclusion of women with overt hypothyroidism and 
overt hyperthyroidism, and after adjustment for concentrations 
of human chorionic gonadotropin, child thyroid-stimulating 
hormone and free thyroxine or thyroid peroxidase antibodies 
(continuous or positivity).

Interpretation

Both low and high maternal free thyroxine concentrations 
during pregnancy were associated with lower child IQ and 
lower grey matter and cortex volume. The association between 
high maternal free thyroxine and low child IQ suggests 
that levothyroxine therapy during pregnancy, which is often 
initiated in women with subclinical hypothyroidism during 
pregnancy, might carry the potential risk of adverse child 
neurodevelopment outcomes when the aim of treatment is to 
achieve high-normal thyroid function test results [19].
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