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High Thyrotropin Is Associated with Reduced Hippocampal
Volume in a Population-Based Study from Germany
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Background: Previous patient studies suggest that thyroid dysfunction affects volumes of particular regions of
the brain. So far, population-based data related to this topic are lacking. The aim of this study was to investigate
associations of serum levels of thyrotropin (TSH), free triiodothyronine, and free thyroxine (fT4) with total brain
volume, gray matter volume, white matter volume (WMYV), and hippocampal volume (HV) in a population-based
study.

Methods: Data on 2557 individuals were pooled from two independent population-based surveys of the Study of
Health in Pomerania conducted in Northeast Germany. Brain volumes were determined from images derived from
1.5 T magnetic resonance imaging. Low and high TSH were defined using the cutoffs 0.40 and 3.29 mIU/L,
respectively. Associations between thyroid hormone levels and segmented brain volumes were analyzed by linear
regression models. Further, voxel-based morphometry was conducted to search for associations with thyroid
hormone levels in a hypothesis-free way throughout the whole brain. All models were adjusted for confounders.
Results: Only 9/70 individuals with high TSH had low free triiodothyronine or fT4 levels. Individuals with high
TSH had significantly lower total brain volume (f=-26.9 [confidence interval (CI) —49.0 to —4.8]; p=0.017),
WMV (f=-16.1 [CI -29.4 to —2.7]; p=0.018), and HV (=-223 [CI —395 to —50]; p=0.011) than individuals
with TSH within the reference range, while low TSH was not significantly associated with any of the brain
volumes. Voxel-based morphometry analyses revealed a significant positive association with serum fT4 levels in
the left middle frontal gyrus.

Conclusions: In conclusion, the results of this study indicate that the subclinical hypothyroid state may lead to a
reduced brain volume affecting particularly HV in younger subjects and WMV, which might correspond to subtle
microstructural changes in white matter fiber tracts or myelination of the axones. Gray matter seems not to be
affected by subclinical hypothyroid states.
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Introduction

IT IS WELL ESTABLISHED that maternal thyroid hormones
play a prominent role in fetal brain development (1). In
line with this, in 646 mother—child pairs, data from the
Generation R study demonstrated a significant lower gray
matter volume (GMV) in children from mothers with high or
low serum free thyroxine levels (fT4) compared to children
delivered from mothers with fT4 levels within the reference
range (2). This indicates that thyroid hormones obviously
have an extreme impact on brain development. Likewise, in
adults, it has been previously reported that thyroid dysfunc-

tion is associated with functional disturbances of the brain
such as cognitive impairment (3), neurodegenerative disorders
(4), dementia (5), depression (6), and anxiety (6). Similarly,
there is also evidence that thyroid dysfunction affects brain
morphology. Results from the Rotterdam Study showed that
high fT4 levels are associated with larger total brain volume
(TBV) and white matter volume (WMV) in young people,
while older people with high fT4 levels had smaller TBV
and WMV (7). Furthermore, results from three smaller
studies suggest that thyroid function affects specific regions
of the brain (8-10). Using the voxel-based morphometry
(VBM) technique, one study demonstrated a lower GMV in
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specific brain regions related to memory, emotion, vision, and
motor planning of 51 hyperthyroid patients in comparison to
controls (10). Another study induced hyperthyroidism in 29
healthy subjects and showed an increase in GMV in the right
posterior cerebellum and a decrease in GMYV in the bilateral
visual cortex and anterior cerebellum (8). One further study
demonstrated significantly reduced WMV and GMV in 10
hypothyroid patients compared to 10 matched controls in
VBM analyses (9). Likewise, small patient studies demon-
strated a significant lower hippocampal volume (HV) in
congenital (11) or adult-onset hypothyroidism (12).

So far, the association between thyroid dysfunction and
brain volumes has only been investigated in small patient
studies, and it is debatable whether these findings can be
extended to the general population. Against this background,
this study aimed to investigate whether high thyrotropin
(TSH) levels are associated with lower GMV, WMV, and HV
in data derived from two population-based studies conducted
in northeast Germany. Brain volume parameters were de-
rived from brain magnetic resonance imaging (MRI). In the
analyses, two approaches were followed. The first approach
looked at whether thyroid hormone levels were associated
with total GMV, WMV, and HV, while in the second ap-
proach, VBM analyses were performed to investigate po-
tential associations of thyroid biomarkers with local GMV in
a hypothesis-free approach.

Methods
General population sample

Data from the population-based Study of Health in Po-
merania (SHIP) were analyzed (13-15). The target popula-
tion of the first cohort was comprised of adult German
residents in northeast Germany living in three cities and 29
communities with a total population of 212,157. A two-stage
stratified cluster sample of adults with German citizenship
aged 20-79 years (baseline) was randomly drawn from local
registries. The net sample (without migrated or deceased
persons) comprised 6267 eligible subjects, of whom 4308
Caucasian subjects participated at baseline SHIP-0 between
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1997 and 2001. The follow-up examination (SHIP-1) was
conducted five years after baseline and included 3300 sub-
jects. From 2008 to 2012, the third phase of data collection
(SHIP-2; N=2333) was carried out. In this study, an asso-
ciation of diagnosed hypothyroidism with depression and
anxiety was previously demonstrated (6). Concurrent with
SHIP-2, a second sample called SHIP-Trend-0 (N=4420)
was drawn from the same area in 2008, and similar exami-
nations were undertaken.

Subjects from SHIP-2 and SHIP-Trend-O0 were asked to
participate in a whole-body MRI assessment (16,17). After
exclusion of subjects who refused participation or who fulfilled
exclusion criteria for MRI (e.g., cardiac pacemaker), 1163
subjects from SHIP-2 and 2154 subjects from SHIP-Trend-0
underwent MRI scanning (N=3317; Fig. 1). SHIP and SHIP-
Trend were approved by the local ethics committee. Informed
written consent was obtained from all participants.

Complete data sets, including thyroid levels, education,
body mass index (BMI), alcohol consumption, smoking habits,
and marital status, were available from 2884 subjects. After
exclusion of medical conditions (e.g., a history of cerebral
tumor, stroke, Parkinson disease, multiple sclerosis, epilepsy,
hydrocephalus, enlarged ventricles, or pathological lesions) or
technical reasons (e.g., severe movement artifacts or inho-
mogeneity of the magnetic field), 2595 subjects were available
(Fig. 1). Based on the homogeneity check of the CATI12
toolbox (developed by Christian Gaser, University of Jena,
Germany; www.neuro.uni-jena.de/), 38 extreme outliers were
excluded, resulting in a final sample of 2557 individuals for
analyzing TBV. Further, for the VBM analyses, all subjects
>65 years of age were excluded in order to minimize the
influence of neurodegenerative effects, resulting in a final
sample of 2084 individuals in this analysis. For sensitivity
analyses, additional VBM analyses were conducted on a subset
of 1893 subjects by excluding those taking thyroid medication.

Assessments

All images were obtained using a 1.5 T Siemens MRI
scanner (Magnetom Avanto; Siemens Medical Systems,
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Erlangen, Germany) with a Tl1-weighted magnetization
prepared rapid acquisition gradient echo (MPRAGE) se-
quence and the following parameters: axial plane, TR=
1900 ms, TE=3.4ms, and flip angle =15°, with an original
resolution of 1.0mmx1.0mm X 1.0 mm. The HV, GMV,
and WMV were determined within the recon-all pipeline of
FreeSurfer 5.1. Mean HV was defined as the mean volume
of the left and the right hemisphere. TBV was defined as the
sum of GMV and WMV.

For the VBM, the images were preprocessed with SPM12
(Wellcome Trust Centre for Neuroimaging, University Col-
lege London, London, United Kingdom) and the CATI2
toolbox (developed by Christian Gaser, University of Jena,
Germany; www.neuro.uni-jena.de/). The images were bias
corrected, spatially normalized using the high-dimensional
DARTEL normalization, segmented into the different tissue
classes, modulated for affine transformations and nonlinear
warping, and smoothed by a Gaussian kernel of 8 mm full
width at half maximum. Homogeneity of GM images was
checked using the covariance structure of each image with all
other images, as implemented in the check data quality
function of the CAT12 toolbox.

Non-fasting blood samples were taken between 7:00am
and 4:00pm. Serum TSH, free triiodothyronine (fT3), and
fT4 concentrations were analyzed in the central laboratory of
the University Medicine Greifswald by a homogeneous, se-
quential, chemiluminescent immunoassay based on LOCI®
technology (Dimension Vista® System Flex® reagent car-
tridge; Siemens Healthcare Diagnostics Inc., Newark, DE).
The analytical measuring range was 0.005-100 mIU/mL,
0.1-8.0ng/dL, and 0.50-30.00 pg/mL for TSH, fT4, and fT3,
respectively. Low and high serum TSH concentrations were

defined using the cutoffs 0.49 and 3.29 mIU/L, respectively,
which were recently established for the study region (18).

Smoking status, alcohol consumption, and educational
status were assessed by computer-assisted personal inter-
views. Smokers were categorized into three categories: life-
time nonsmokers, former smokers, and current smokers.
Alcohol consumption was evaluated as beverage-specific
alcohol consumption (beer, wine, and distilled spirits) on the
last month preceding the examination, and the mean daily
alcohol consumption was calculated using beverage-specific
pure ethanol volume proportions (19). Education was cate-
gorized according to the German three-level school system:
low, <10 years; intermediate, 10 years; and high, >10 years.
Height and weight were measured for the calculation of the
BMI, being weight (kg)/height* (m?).

Statistical methods

All results are reported as pooled data of SHIP-Trend-0
and SHIP-2. Stratified by thyroid function status, continuous
data are expressed as median and 25th and 75th percentile,
and categorical data as absolute numbers and percentages.
The association between thyroid hormone tests and brain
volumes were analyzed by linear regression models adjusted
for age, sex, BMI, alcohol consumption, smoking status,
education, and time of blood sampling. Continuous exposure
variables (TSH, fT3, fT4) were power transformed to re-
duce the effect of outliers on the results (20). Multivariable
fractional polynomials were tested to account for potential
nonlinear associations of exposure or confounders with the
outcome. Interactions of thyroid hormones with age and sex
were tested for all outcomes. Inverse probability weights

TABLE 1. CHARACTERISTICS OF THE STUDY POPULATION STRATIFIED BY TSH STATUS

0.40mlU/L < TSH TSH <0.40 miU/L TSH 23.29 mIU/L
<3.29mIU/L (n=2285) (n=229) (n=70)
Age, years 51 (41; 61) 57 (47; 67) 49 (37; 62)
Males 1041 (46.1%) 100 (43.7%) 25 (35.7%)
Body mass index, kg/m2 26.9 (24.3; 30.2) 27.3 (24.4; 30.6) 25.7 (22.6; 29.1)
Smoking status
Former 811 (35.9%) 97 (42.4%) 30 (42.8%)
Current 523 (23.2%) 55 (24.0%) 17 (24.3%)
Alcohol consumption, g/day 44 (1.3; 11.7) 2.8 (0.5; 7.4) 3.9 (0.7; 9.1)
Education
Low 328 (14.5%) 55 (24.0%) 10 (14.3%)
Medium 1284 (56.9%) 116 (50.7%) 38 (54.3%)
High 646 (28.6%) 58 (25.3%) 22 (31.4%)
General health
Good or very good 1992 (88.4%) 187 (82.4%) 58 (84.1%)
Less good or bad 262 (11.6%) 40 (17.6%) 11 (15.9%)

Total brain volume, mL

Gray matter volume, mL

White matter volume, mL

Right hippocampal volume, mm?®
Left hippocampal volume, mm
TSH, mIU/L

fT3, pmol/L

fT4, pmol/L

Thyroid medication

1147 (1068; 1236)
641 (599; 690)
504 (462; 549)

3997 (3707; 4291)

3907 (3618; 4204)
1.19 (0.86; 1.60)
4.65 (4.30; 5.06)
13.3 (12.3; 14.4)
208 (9.2%)

1127 (1047; 1207)
625 (578; 669)
496 (461; 542)

3890 (3568; 4168)

3769 (3470; 4071)
0.35 (0.26; 0.44)
4.76 (4.35; 5.12)
14.4 (13.2; 15.5)

56 (24.5%)

1096 (1021; 1189)
630 (580; 679)
473 (447; 520)

3775 (3549; 4136)

3619 (3485; 4056)
3.90 (3.61; 5.17)
4.44 (4.08; 4.89)
12.7 (11.3; 14.0)

16 (22.9%)

Continuous data are expressed as median and 25th and 75th percentile; categorical data are expressed as absolute numbers and

percentages.

TSH, thyrotropin; fT3, free triiodothyronine; fT4, free thyroxine.
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were applied to consider dropouts of individuals between
SHIP-0 and SHIP-2 and between the basic and the MRI ex-
aminations. The intention behind these weights is to weight
up the impact of individuals from groups who are more likely
to drop out of the study and to weight down the impact of
individuals from groups who are less likely to drop out in the
regression analyses. To calculate these weights, logistic re-
gression models were used, with participation at the MRI
examination as outcome and sociodemographic, behavioral,
and cardiovascular risk factors from the core examinations as
explanatory variables. Additionally, for SHIP-2 participants,
weights were computed for the dropout from SHIP-0 to SHIP-
2, and these weights were multiplicatively combined with the
MRI weights. This approach aimed to improve the represen-
tativeness of the analyses. A p-value of <0.05 was considered
as statistically significant. All analyses were performed with
Stata v14.1 (Stata Corp., College Station, TX).

For VBM analysis, SPM12 was used to analyze the pre-
processed GM segments in three separate regression analy-
ses between GM volume and the power-transformed levels
of TSH, fT3, and fT4 adjusted for age, sex, education, BMI,
alcohol consumption, smoking habits, marital status, and
intracranial volume as covariates in all models. In a VBM
analysis, a single statistical test is carried in each voxel of the
brain. To take into account multiple testing, family-wise error
(FWE) corrected peak-level p-values with a threshold of 0.05
to reach significance were used.

Results

Of the 2557 individuals in the study population, there were
229 with low TSH (47 with high fT3 or fT4) and 70 with high
TSH (9 with low fT3 or fT4). There were only two individ-
uals with TSH levels >10 mIU/L. Individuals with low TSH
were in median older, more often former smokers, less edu-
cated, and reported more often a less good or bad general
health than individuals with serum TSH levels within the
reference range (Table 1). Median brain volumes differed
only slightly between individuals with low TSH and indi-
viduals with TSH within the reference range. Individuals
with high TSH were more often females, had a lower BMI,
smoked more often, and reported more often a less good or
bad general health than individuals with serum TSH levels
within the reference range. Median brain volumes were lower
in individuals with high TSH than in individuals with TSH
within the reference range.

In multivariable linear regression models adjusted for
confounders, serum TSH levels were inversely associated
with TBV, WMV, and left HV (Table 2 and Fig. 2). In-
dividuals with high TSH had significantly lower TBV, WMV
as well as mean, right, and left HV than individuals with
normal TSH. Individuals with low TSH had a significantly
lower left HV than individuals with serum TSH levels within
the reference range. No further significant associations were
observed of low TSH with any of the brain volumes. Like-
wise, neither serum fT3 nor serum fT4 levels were signifi-
cantly associated with TBV, GMV, WMV, or HV. All the
observed significant association were confirmed after ex-
cluding individuals with high TSH but low fT3 or fT4 and
individuals with low TSH but high fT3 or fT4.

For the outcomes TBV, GMV, and WMV, no significant
interactions of TSH were detected with age (TBV, p=0.664;

TABLE 2. ASSOCIATION OF THYROID HORMONE LEVELS WITH BRAIN VOLUMES

Brain volumes, [§ [confidence interval]

Left HC
~128 [-232 to —24]*

Gray matter White matter Mean HC Right HC
—54 [-105 to —3]*

—13.0 [-26.4 to 0.5]

Total

—126 [-217 to —36]*
—16 [-131 to 98]
—27 [-136 to 82]

—86 [-194 to 22]
=37 [-92 to 17]
—107 [-196 to —17]*

—175 [-382 to 33]
—94 [-196 to 9]
—223 [-395 to —50]*

-1.5 [-8.7 to 5.7]
—-16.1 [-29.4 to -2.7]*

-20.5 [-36.4 to —4.7]*

—4.8 [-11.8 to 2.1]
-9.3 [-20.3 to 1.6]

—6.9 [-19.7 to 6.0]

-34.8 [-61.6 to —8.0]*
-26.9 [-49.0 to —4.8]*

TSH >3.29 mIU/L*?
fT3, pmol/L

TSH <0.40 mIU/L?
fT4, pmol/L

TSH, mIU/L

3 [-116 to 122]
—30 [-143 to 84]

—6.3 [-23.5 to 10.8] —24 [-249 to 201]
—66 [-281 to 148]

—2.1 [-14.9 to 19.0]

3.1 [-12.7 to 18.9]
0.3 [-15.3 to 15.9]

—3.8 [-33.4 to 25.9]
—0.1 [-29.6 to 29.3]
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Data are expressed as f§ coefficients and confidence intervals derived from a linear regression adjusted for age, sex, body mass index, smoking status, alcohol consumption, education, and
time of blood sampling. Continuous values of TSH, fT3, and fT4 were power transformed to minimize the effect of outliers. Mean hippocampal (HC) volume was calculated as the sum of right

and left hippocampal volume.
“In comparison to TSH within the reference range.

*p<0.05.
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FIG. 2. Association between serum thyrotropin (TSH) levels and brain volumes adjusted for confounders.

GMV, p=0.757; WMV, p=0.653) or sex (TBV, p=0.965;
GMYV, p=0.603; WMV, p=0.716), but there was a signifi-
cant interaction of TSH with age (p=0.055) but not with sex
(p=0.440) for mean HV. TSH was significantly associated
with mean HV for individuals <50 years of age but not for
individuals =50 years of age (Fig. 3). For right and left HV,
similar effects were observed than for mean HV (right HV,
p=0.066; left HV, p=0.064). For all outcomes, no significant
interaction was observed of TSH with current smoking (TBV,
p=0.639; GMV, p=0.246; WMV, p=0.748; HV, p=0.120)
or thyroid medication (TBV, p=0.509; GMV, p=0.360;
WMV, p=0.724; HV, p=0.777).

500

-500

for TSH on hippocampal volume

@ -1000 A

In the VBM analyses, a cluster of five voxels was detected
in the left middle frontal gyrus that is significantly positive
associated with serum fT4 (p=0.026; MNI [-42, 24, 42]).
The corresponding VBM without the subjects with a thyroid
medication showed an even stronger effect in this region
(p=0.007; MNI [-42, 24, 42], 29 voxels). No further sig-
nificant associations of TSH or fT3 were found in the VBM
analyses. Since the significant cluster is part of the Brodmann
area 9 (BA9), the GM volume of BA9 was extracted from the
CATI12 GM segmentations of the MRI scans. The BA9
volume correlated significantly with the HV (R*=0.39). A
significant inverse association of serum TSH levels was

FIG. 3. Association between serum TSH
levels and hippocampal volume for different
ages.
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found with overall BA9 volume ( p=0.032), whereas serum
fT3 (p=0.888) or fT4 (p=0.637) levels were not signifi-
cantly associated with overall BA9 volume.

Discussion

In a population-based cross-sectional sample, inverse as-
sociations of serum TSH levels with TBV, WMV and HV,
but not with GMV, are demonstrated. Particularly, high TSH
levels were associated with a decrease in brain volumes. In
contrast, no significant associations of fT3 or fT4 levels were
detected with any of the brain volumes. While no significant
association of thyroid hormone levels was observed with
overall GMV, VBM analyses revealed a positive association
of fT4 with a region in the left middle frontal gyrus, which is
located in BA9.

These findings are in partial agreement with a patient study
in 11 hypothyroid adults and nine age-matched controls, in
which right but not left HV was significantly decreased in
hypothyroidism (12). The lack of a significant association for
left HV in the adult study may be explained by low statistical
power (12). In another study, congenital hypothyroidism was
significantly associated with right and left HV in children and
adolescents (11). In a further study, HV was significantly
lower in 24 children aged 9-12 years delivered from mothers
with hypothyroidism during pregnancy than in 30 controls
delivered from mothers without hypothyroidism during
pregnancy (21). In the present study, high TSH was inversely
associated with both right and left HV, but the study failed to
demonstrate significant associations of serum fT3 or fT4
levels with HV. This might be related to the fact that out of
the 70 individuals with high TSH, only nine had low fT3 or
fT4 levels. After excluding these nine individuals, the asso-
ciation between high TSH and HV remained statistically
significant, suggesting that not only overt but also subclinical
hypothyroidism is associated with a reduced HV.

There are several potential mechanisms explaining an as-
sociation of hypothyroidism with a reduced HV. First, the
hippocampus may be an important target region for thyroid
hormones because the density of thyroid hormone receptors
in the hippocampus is high (22,23). Thus, a lack of thyroid
hormones may lead to an inadequate supply of the hippo-
campus with T3 or T4. Second, animal experiments suggest
that adult-onset hypothyroidism affects the pyramidal cells of
the hippocampus (24-26). These studies demonstrated that in
hypothyroidism the volume of the pyramidal cell layer in the
hippocampal CA3 region is decreased because of an altered
neuronal packing (24-26). Likewise, it has been reported that
hypothyroidism reduces the total number of pyramidal cells
in the hippocampal CA1 region (24). Furthermore, it has been
proposed that hypothyroidism at a younger age may perma-
nently change hippocampal function and in consequence HV
(27), which fits well with the present finding of a significant
inverse association between TSH and HV mainly for those
aged <50 years.

In this study, inverse associations were observed of serum
TSH levels not only with HV but also with BA9 volume,
suggesting that hypothyroidism may result in cognitive im-
pairment. BA9 is involved in short-term memory (28) and
correlates with the hippocampus. In agreement with these
findings, two smaller studies conducted in 81 (29) and 337
(30) elderly individuals demonstrated associations of sub-
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clinical hypothyroidism with cognitive impairment. The
majority of studies, however, failed to substantiate significant
associations of subclinical hypothyroidism (31-33) or serum
TSH levels (34,35) with cognitive impairment in population-
based data from individuals aged =65 years. Results from the
Rotterdam Study demonstrated that higher TSH is associated
with a lower dementia risk in both the full and the normal
range of thyroid function (5). In line with this, that study
reported a positive association between serum TSH levels
and better global cognitive scores. However, thyroid function
was not related to subclinical vascular brain disease derived
from MRI, which suggested nonvascular pathways leading to
dementia.

In the present analyses, a significant inverse association
was observed between high TSH and WMV but no associa-
tion with overall or region-specific GMV. It might be im-
portant to acknowledge that the study largely investigated
subjects with subclinical thyroid conditions only. The results
do not point to large brain changes, and in fact, the effects on
HV were only relevant in younger subjects (<50 years). It is
unclear how the association with WMV can be explained.
Although white matter hyperintensities were did not analyzed
as a correlate of microvascular damage, the study by Chaker
et al. found no sign of any association between thyroid func-
tion and vascular parameters in 9446 subjects (5). However,
Singh et al. detected microstructural changes in the white
matter fiber tracts of hypothyroid patients compared to con-
trols in their diffusion tensor tractography study (36). These
changes could in part explain the findings of reduced WMV in
subclinical hypothyroidism.

In contrast to the current results, Chaker et al. found no
significant association between serum TSH levels and TBV
or GMV in data from 4683 individuals aged 245 years (7).
However, they observed that individuals aged 45-70 years
with low fT4 levels had lower TBV and WMV than indi-
viduals with normal fT4 levels, which somewhat indicates
that the hypothyroid state may be associated with reduced
brain volumes. In that study, serum T4 levels were inversely
associated with TBV and WMV in individuals >80 years of
age (7), an association that points in the opposite direction
than in younger individuals of that study. The authors explain
their findings by better white matter integrity in younger than
in older persons. In this study, no age-dependency of the
associations was observed, which may be related to the fact
that the study included only eight individuals >80 years.

The present findings are in partial agreement with a small
patient study in which 10 untreated hypothyroid patients had
significantly lower WMV in the cerebellum, right precentral
gyrus, right inferior and middle frontal gyrus, right inferior
occipital gyrus, and right inferior temporal gyrus, and sig-
nificantly lower GMV in the cerebellum and left postcentral
gyrus than 10 controls (9). In agreement with the current
findings, a study with 25 hypothyroid patients with Ha-
shimoto thyroiditis on levothyroxine treatment did not show
any differences in GMV compared to 27 controls (37), in-
dicating that levothyroxine treatment may protect against
hypothyroidism-induced vulnerability of the brain. A study
with 1047 participants aged >64 years showed that hypo-
thyroidism was associated with lower performance in the
mini mental status (38). In that study, half of the hypothyroid
participants were unaware of their condition and not treated
by thyroid medication. From those findings, it can be concluded
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that elderly patients with impairment in cognition should be
screened for hypothyroidism (38), but to decide on potential
therapeutically consequences, randomized controlled trials
are needed.

While inverse associations of serum TSH levels were
observed with total HV, no significant clusters of the HV
were detected in the whole brain VBM analyses of TSH. In
the VBM analysis, all p-values are FWE-corrected because
of multiple voxel-based comparisons. Thus, VBM-analyses
have a lower statistical power than targeted single region
volume analyses. Therefore, only large and regionally ho-
mogenous clusters or highly significant peak voxels can be
discovered in VBM analyses.

To the best of the authors’ knowledge, this is the first
population-based study associating thyroid hormone levels
with brain volumes. Strengths of this study are the large
number of individuals investigated and the assessment of
brain volumes with gold-standard methods. A limitation is
the cross-sectional design of this study allowing no causa-
tive conclusions. Furthermore, the range of blood sampling
time was eight hours, from 8:00am to 4:00pm. It has been
described that thyroid hormones are prone to diurnal vari-
ations (39). Therefore, a sensitivity analysis was performed,
adjusting additionally for time of blood sampling, which did
not change the results significantly. Another limitation of
the study is that the onset time of altered thyroid function is
unknown. Likewise, no information was available on the
intake of ‘“‘harder’” drugs such as heroin or cocaine, but it is
believed that the number of individuals taking such drugs
was very low in this study. To account for nonparticipation
at the MRI examinations, inverse probability weighting was
introduced, assuming a ‘‘missing at random’” mechanism.
This means that that the dropout is not completely at random
but can be explained by available data. However, a potential
selection bias due to a ‘““‘missing not at random’” mechanism
cannot be totally ruled out, which means that the dropout is
not completely explainable by existing data.

In conclusion, the results of this study indicate that the
subclinical hypothyroid state may lead to a reduced brain
volume affecting particularly HV in younger subjects and
WMV, which might correspond to subtle microstructural
changes in white matter fiber tracts or myelination of the
axons. GM seems not to be affected by subclinical hypo-
thyroid states. Longitudinal studies are needed to under-
stand better the interaction with age-related parameters
and the putative clinical impact of dysregulated thyroid
function on brain-related disorders.
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This study showed that patients with high TSH but normal circulating thyroid hormones had reduced brain volume, white matter volume and hippocampal volume compared to subjects with normal TSH. The study expands the neuro-imaging knowledge in hypothyroidism.
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Context: Circulating microRNAs (miRNAs) are emerging as an interesting research area because of
their potential role as novel biomarkers and therapeutic targets. Their involvement in autoimmune
thyroid diseases (AITDs) has not been fully explored.

Objective: To compare the expression profile of miRNAs in thyroid tissue from patients with AITD
and controls, using next-generation sequencing, further validated our findings in thyroid and serum
samples.

Design: Twenty fresh-frozen thyroid tissues (15 from patients with AITD and 5 from controls) were
used for miRNA next-generation sequencing. Thirty-six thyroid samples were recruited for the qRT-
PCR validation test and 58 serum samples for further validation in peripheral blood.

Results: Expression of several miRNAs that had been previously associated with relevant immu-
nological functions was significantly dysregulated. Specifically, eight differentially expressed
miRNAs (miR-21-5p, miR-142-3p, miR-146a-5p, miR-146b-5p, miR-155-5p, miR-338-5p, miR-342-5p,
and miR-766-3p) were confirmed using qRT-PCR in thyroid samples, and three had the same
behavior in tissue and serum samples (miR-21-5p, miR-142-3p, and miR-146a-5p). Furthermore,
when the expression of these miRNAs was assessed together with five additional ones previously
related to AITD in peripheral blood, the expression of five (miR-Let7d-5p, miR-21-5p, miR-96-5p,
miR-142-3p, and miR-301a-3p) was significantly expressed in AITD and, in patients with Graves
disease (GD), was correlated with a higher severity of disease, including active ophthalmopathy,
goiter, higher antibody titers, and/or higher recurrence rates.

Conclusions: The present findings identify a serum five-signature miRNA that could be an
independent risk factor for developing AITD and a predisposition of a worse clinical picture in
patients with GD. (J Clin Endocrinol Metab 103: 1139-1150, 2018)
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GD, Graves disease; GO, Graves ophthalmopathy; HT, Hashimoto thyroiditis; miRNA,
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quantitative reverse transcription polymerase chain reaction; ROC, receiver operating
characteristic; Tg-Ab, antithyroglobulin antibody; TPO-Ab, antithyroid peroxidase antibody;
TSHR-Ab, antithyrotropin receptor antibody.
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utoimmune thyroid disorders (AITDs) result from a

dysregulation of the immune system directed against
the thyroid and include a broad spectrum of diseases. The
two main phenotypes of AITD, Hashimoto thyroiditis
(HT) and Graves disease (GD), are both characterized by
the presence of circulating thyroid antibodies and in-
filtration by autoreactive lymphocytes in the thyroid
gland and sometimes the orbit. It has been traditionally
thought that HT is mainly mediated by a cellular auto-
immune response, whereas GD mainly has been con-
sidered to be mediated by a humoral response, mainly due
to the presence of autoantibodies directed against the
thyrotropin receptor [antithyrotropin receptor antibody
(TSHR-Ab)], which lead to development of goiter and
hyperthyroidism (1-3). Moreover, both immune re-
sponses, including TSHR-ADb, also have been reported in
the pathogenesis of Graves ophthalmopathy (GO), one of
the most common extrathyroid manifestations of AITD,
which may occur clinically in up to 25% of patients with
GD (4). The pathogenesis of AITD is probably related to a
complex and multifactorial interplay of specific suscep-
tibility genes and environmental exposures, leading to the
breakdown of self-tolerance and subsequent develop-
ment of autoimmune diseases.

MicroRNAs (miRNAs) are small non-protein-coding
RNA molecules of ~22 nucleotides that interact with
their targeted RNA in a sequence-dependent manner and
therefore function as regulators of gene expression at a
posttranscriptional level mainly by repressing the trans-
lation and also by decreasing target messenger RNA
levels (5). Currently, nearly 3000 human miRNAs
have been annotated in the miRBase (6). miRNAs have
been recently involved in several biological processes,
including immune functions, cellular apoptosis, cell dif-
ferentiation and development, proliferation, and metab-
olism. The increasing importance of miRNAs highlights
their potential role as biomarkers of disease and even
their utility as therapeutic targets. In recent years, cir-
culating miRNAs have been an interesting area of re-
search due to their stability and reproducibility (7), and
studies describing the role of miRNAs in the immune
response and in autoimmune diseases have progressively
developed. In this regard, evidence of differential miRNA
expression has been reported in numerous immunolog-
ical disorders such as rheumatoid arthritis, systemic lupus
erythematosus, Sjogren disease, and psoriasis, among
others (7-11).

Several reports have been published over the past years
regarding the specific scenario of miRNAs and AITD
with discordant results (12-27). These discrepancies can
be attributed to the differences between the techniques
used [microarray and/or quantitative reverse transcription

polymerase chain reaction (QRT-PCR) assays], the materials
analyzed (peripheral blood mononuclear cells, serum,
plasma, thyrocytes, orbital fibroblasts, and thyroid tissue),
the different preservation methods (frozen vs paraffin
embedded), and the specific type of individual AITD
evaluated (all AITD, HT, GD, or GO). However, none of
these previous studies have analyzed miRNAs in fresh
thyroid tissue, in the whole spectrum of AITD, using next-
generation sequencing (NGS). The interest in this latter
technique lies in the fact that, in comparison with
microarrays, NGS has a greater ability to capture the scale
and complexity of whole transcriptomes. Furthermore,
NGS allows the discovery of novel miRNAs and can
identify miRNAs that are expressed at levels that fall below
microarrays’ detectable threshold. In this study, therefore,
we aimed to identify differentially expressed (DE) miRNAs
in AITD thyroid tissue samples in comparison with con-
trols by means of NGS and then corroborated their
expression in serum samples. We then correlated their ex-
pression with patients’ clinical data to identify potential
diagnostic biomarkers and therapeutic targets of the disease.

Materials and Methods

Patients

Fresh-frozen thyroid tissue samples from 26 patients with
AITD (9 with HT, 7 with GD without GO, and 10 with GD and
GO) and 10 controls were collected. In addition, we collected
formalin-fixed, paraffin-embedded (FFPE) samples from 19
patients with AITD (7 with HT, 6 with GD without GO, and 6
with GD and GO), of which 11 were the same as the frozen
tissue, and 6 were healthy controls. Concomitantly, we also
evaluated serum samples from 36 patients with AITD (14 with
HT, 10 with GD without GO, and 12 with GD with GO) and 22
healthy controls. Clinical diagnoses were all reviewed by a single
experienced endocrinologist; established on commonly ac-
cepted clinical, laboratory, and histological criteria (2); and
based on information collected from clinical records (Tables 1
and 2). More details of clinical data are available in the Sup-
plemental Material and Methods.

The project was approved by the Internal Ethical Review
Committee of the Hospital de la Princesa, and written informed
consent was obtained from all patients prior to inclusion, in
accordance with the Declaration of Helsinki.

Tissue and serum samples

All thyroid tissues were obtained from surgical thyroidec-
tomies performed in our hospital and reviewed by an experi-
enced pathologist. Samples were immediately snap-frozen in
liquid nitrogen—cooled isopentane and transferred to a —80°C
freezer for long-time preservation or processed by the De-
partment of Pathology to create FFPE tissues. Serum samples
were isolated by centrifugation (1500 X g) from 10 mL of total
blood and stored at —80°C until use.

Tissue miRNA isolation

RNA was isolated from 36 fresh-frozen thyroid tissues: 20
samples were used for miRNA NGS and all 36 for the gqRT-PCR
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Table 1. Clinical Features of Patients With AITD From Whom Thyroid Tissue Was Collected

Characteristic HT (n = 9) GD (n = 17) Controls (n = 10)
Sex, female/male 9/0 15/2 7/3

Age, y 63 (50.5-71.5) 39 (29.5-52.5) 43 (32.2-51.8)
TSH, pU/mL 2.3 (1-8.5) 1.8 (0.2-9.5) 0

FT4, ng/dL 1.1 (0.9-1.2) 1.1 (0.8-1.3) 0

Tg-Ab, Ul/mL 311 (213-382.3) 456 (20-1103) 0
TPO-Ab, Ul/mL 150 (20-306) 102 (43.2-635.5) 0
TSHR-Ab, U/L 0.5 (0.5-0.5) 5.6 (1.7-17.5) 0

Values show number for categorical values and median (25th to 75th interquartile intervals) for continuous variables. FT4, free thyroxine (normal range,
0.93 to 1.7 ng/dL); Tg-Ab (negative <344 Ul/mL); TPO-Ab (negative <100 Ul/mL); TSH, thyrotropin (normal range, 0.27 to 4.20 mU/mL); TSHR-Ab (negative

<0.7 U/).

validation test. Total RNA was isolated using miRNeasy Mini
Kit (Qiagen, Germantown, MD), according to the manufac-
turer’s instructions. The quality and quantity of RNA and
miRNA were assessed in a 2100 Bioanalyzer by using a RNA
6000 Nano kit and a Small RNA kit (Agilent Technologies, Palo
Alto, CA). For the study, only those samples with an RNA
integrity number >7 were included. To empower the statistical
analysis, we isolated miRNA from 25 FFPE samples, 12 of
which were repeated from frozen samples to verify their quality
and reproducibility. FFPE samples were isolated using the
miRneasy FFPE Mini kit (Qiagen).

Serum miRNA isolation

To test hemolysis in serum samples, the absorbance of free
hemoglobin at 414 nm was measured. Those samples with a
peak >0.2 were discarded. miRNA from serum samples were
isolated using miRCURY RNA Isolation Kit Biofluids (Exiqon,
Vedbaek, Denmark), according to the manufacturer’s in-
struction. A mixture containing 1.25 pg/mL MS2 bacteriophage
RNA and RNA spike-ins (UniSp2, UniSp4, and UniSp5) was
added to 200 pL serum. RNA was purified on a miRNA mini-
spin column BF, eluted in 50 wL RNase-free water, and stored
at —80°C. The robustness of the RNA isolation process and the
quality of isolated miRNA were assessed using miRCURY
microRNA QC Panels (Exiqon).

miRNA NGS
NGS of 20 thyroid samples (5 controls, 5 with HT, 5§ with
GD without GO, and 5 with GD with GO) was performed on

the Illumina platform (HiSEquation 2000; lllumina, San Diego,
CA) at Sistemas Genomicos (Valencia, Spain). The procedure
included the following steps/phases: (1) Quality control of
RNA: the quality and the quantity of RNA were determined in a
Bioanalyzer 2100 Small RNA assay and Qubit 2.0 fluorometer.
(2) Preparation of libraries: complementary DNA (cDNA)
libraries were obtained following Illumina’s recommendations.
Briefly, 3’ and 5’ adaptors were sequentially ligated to the RNA
prior to reverse transcription and cDNA generation. cDNA was
enriched with polymerase chain reaction (PCR) to create the
indexed double-stranded ¢cDNA library. Size selection was
performed using 6% polyacrylamide gel. The quality of the
libraries was analyzed using Bioanalyzer 2100, High Sensitivity
assay, and the quantity of the libraries was determined by real-
time PCR in Light Cycler 480 (Roche Farma, Madrid, Spain).
(3) Equimolar pooling of libraries was performed before pro-
ceeding to the generation of clusters in cbot (Illumina). The pool
of the cDNA libraries was sequenced by paired-end sequencing
(100 X 2) in the lumina HiSEquation 2000 sequencer. The
bioinformatic analysis of NGS and raw data availability is
described in Supplemental Material and Methods.

Reverse transcription and gRT-PCR of tissue and
serum samples

First-strand cDNA was generated using a cDNA synthesis
kit, and subsequent qRT-PCR was performed in triplicate using
miRCURY LNA Universal RT microRNA PCR ExiLENT
SYBR Green (both from Exiqon) with the CFX384 Touch Real-
Time PCR Detection System (Bio-Rad, Alcobendas, Madrid).

Table 2. Clinical Features of Patients With AITD From Whom Serum Was Collected

HT (n = 14)

GD (n = 22)

Characteristic

Euthyroid (n = 8) Hypothyroid (n = 6) Hyperthyroid (n = 15) Hypothyroid (n =7) Controls (n = 22)

Sex, female/male 6/2 4/2

Age, y 47 (31.2-62.7) 39 (28.5-54.2)
Ophthalmopathy 0 0

TSH, wU/mL 2.5(1.5-2.9) 10.7 (4.9-23.9)
FT4, ng/dL 1.2 (0.9-1.3) 1.2 (0.9-1.4)

Tg-Ab, Ul/mL 0 (0-986.8) 398 (0-1198)

TPO-Ab, Ul/mL 424 (126.3-844.8) 252 (0-669.5)
TSHR-ADb, U/L 0.2 (0-1.1) 0 (0-0.8)

11/4 7/0 9/13
45 (30-54) 46 (41-54) 31 (25.5-40)
8 4 0
0 6.55 (3.21-23.96) —
3(1.9-4.5) 0.61 (0.36-1) —
0 (0-764) 0(0-70.2) 0
156 (0-542.8) 98.6 (0-273) 0
3.4 (1.9-5.6) 3.56 (1.66-6.3) 0.01 (0-0.07)

Values show number for categorical values and median (25th to 75th interquartile intervals) for continuous variables. FT4, free thyroxine (normal range,
0.93 to 1.7 ng/dL); Tg-Ab (negative <344 Ul/mL); TPO-Ab (negative <100 UI/mL); TSH, thyrotropin (normal range, 0.27 to 4.20 mU/mL); TSHR-Ab
(negative <0.7 UL).
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Expression of miRNAs was performed using miRNA LNA PCR
primer sets (Exiqon). Expression stabilities of the reference
genes were evaluated using geNorm (28), NormFinder (29), and
the coefficient of variation score described by Marabita ez al.
(30). Data were normalized using the geometric mean Ct of the
best gene combination generated by the algorithms (Supple-
mental Table 1 and Supplemental Fig. 1). Relative expression
was determined using the log base 2 values of the difference Cts
between miRNAs and the geometric mean of the selected
housekeeping genes. See Supplemental Material and Methods
for detailed technical descriptions of the normalization.

Statistical analysis

Descriptive results were expressed as mean * standard de-
viation, mean = error of the mean, or median and 25th to 75th
percentiles, as appropriate. Spearman bivariate correlations
were performed for all quantitative variables and differences
between groups were compared using analysis of variance
(Mann-Whitney U or Kruskal-Wallis analysis of variance, as
appropriate). A logistic regression model was used to determine
the differences in each normalized miRNA between controls
and AITD groups, adjusted by age and sex, as recommended in
previous reports (31). Receiver operating characteristic (ROC)
curve analyses were performed to assess the classification power
of each logistic regression model. Samples from all groups
within an experiment were processed at the same time. The
P values were two-sided, and statistical significance was con-
sidered when P < 0.05. Data are presented with the following
specific P values: P < 0.05, P < 0.01, and P < 0.001. All
statistical analyses were performed using GraphPad Prism 4
software (GraphPad Software, La Jolla, CA) and STATA
(StataCorp LLC, College Station, TX).

Results

miRNA expression in patients with AITD
Unsupervised hierarchical clustering and principal
component analysis were used to investigate the potential
identification of AITD subgroups, based on their mo-
lecular expression profile. We performed NGS using
RNA obtained from thyroids from five patients with HT,
five patients with GD with no GO, five patients with GD
with GO, and five healthy participants. The analysis
revealed a slightly but not substantial separation between
AITD groups. Control samples clustered together and
formed a separate subcluster, indicating that these
samples have a very similar miRNA signature and that
this signature was different from those of AITD samples.
Regarding the principal component analysis, an outlier
sample from the GD group was detected and excluded
from the study (Fig. 1A and 1B). We, therefore, decided to
assess the differential miRNA expression of all AITD
samples together in the same group, in comparison with
the control group. A total of 3431 sequences were de-
tected. In particular, 19 miRNAs were upregulated and 1
was downregulated more than twofold in AITD vs
normal thyroid. Of these, miR-146b-5p displayed the

most significant upregulation, with a log twofold change
of 6.303 and P < 0.00001.

Gene ontology enrichment of differentially
expressed miRNAs

To evaluate the association of miRNAs with relevant
immunological functions, target genes biologically anno-
tated for the DE miRNAs were identified using miRTarBase
and TargetScan. Gene ontology-selected immunological
enriched processes were associated with DE miRNAS
(Fig. 1C and Supplemental Table 2). The analysis of bi-
ological network exploration showed the correlation and
cooperation of miRNAs related to the immunological
system (Supplemental Fig. 2). In fact, we can observe the
cooperation of pathway reactions relative to the immune
and adaptive system of miR-96-5p, miR-142-3p, miR-
146a-5p, and miR-146b-5p. At the same time, miR-21-
Sp and miR-6503-3p cooperate with miR-146a-5p in
processes related to the Toll-like receptor and interferon
signaling pathways, respectively. Considering this, 10
top-ranked selected miRNAs importantly associated with
immune pathways were selected for validation by qRT-
PCR: miR-21-5p, miR-96-5p, miR-142-3p, miR-146a-5p,
miR-146b-5p, miR-155-5p, miR-338-5p, miR-342-5p,
miR-766-3p, and miR-6503-3p (Fig. 1D).

Validation of significant differentially expressed
miRNAs in thyroid tissue

To validate the top-ranked DE selected miRNAs, gRT-
PCR was performed in 36 fresh-frozen and 25 FFPE
thyroid tissue from the same samples. There was a good
correlation in 5 of 10 miRNAs in the same samples
extracted from fresh-frozen and FFPE tissues (P < 0.05)
(Supplemental Fig. 3). In this context, we decided to
exclude FFPE samples from the study and continue only
with the expressions related to frozen samples.

Then, comparison of the expression levels performed
between NGS data and qRT-PCR in frozen tissues
demonstrated a similar expression pattern between both
methods (Fig. 2A). Of the top 10 selected miRNAs, 8
were confirmed to be DE in AITD samples (miR-21-5p,
P < 0.01; miR-142-3p, P < 0.01; miR-146a-5p, P <
0.001; miR-146b-5p, P < 0.001; miR-155-5p, P < 0.05;
miR-338-5p, P < 0.05; miR-342-5p, P < 0.001; and
miR-766-3p, P < 0.001). However, although there was a
trend toward being increased in AITD, no significant
differences were found for miR-96-5p and miR-6503-5p
between the two groups (Fig. 2B).

Expression of identified thyroid DE miRNAs in
serum samples
We then determined whether the selected DE miRNAs

were detected in serum samples of 8 patients with active
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Figure 1. (A) Heatmap hierarchical clustering of DE miRNAs in AITD tissue samples on the basis of 19 DE miRNAs. The graph shows miRNA
expression in thyroid tissue from AITD samples compared with controls, expressed in fold change. The key color bar indicates that miRNA
expression levels increased from green to red, depending on the fold change. (B) Principal component analysis (PCA) projected as a two-
dimensional scatterplot. The most correlated samples are circled in different colors (blue = controls, green = HT, brown = GD, and gray = GO).
Circled in red is an outlier that was excluded from the analysis (see text for full explanation). (C) Cluster dendrogram of miRNAs that have been
associated by immunological enrichment analysis (false discovery rate <0.05). miR-21-5p, miR-155-5p, and miR-146a-5p are the most associated
with immunological pathways. (D) Top 10 dysregulated miRNAs in AITD samples selected for validation by gRT-PCR (P < 0.05) and fold change = 2
calculated using the algorithm DESeq2; base mean indicates the mean of reads of the miRNAs adjusted by the mean of the total reads generated in

the NGS.

GO and 4 patients with inactive GO, 10 patients with GD
with no GO, 14 patients with HT, and 22 healthy con-
trols. In addition to the 10 DE miRNAs identified in
thyroid tissue samples, 5 other miRNAs involved in
immune functions or identified in previous studies were
also included for validation in AITD serum samples (miR-
Let7d-5p, miR-142-5p, miR-126-3p, miR-223-3p, and
miR-301a-3p) (24, 32-34). Eight of this whole set of
miRNAs analyzed were DE in AITD samples (miR-
Let7d-5p, P < 0.001; miR-21-5p, P < 0.0001; miR-
96-5p, P < 0.001; miR-142-3p, P < 0.01; miR142-5p,
P < 0.001; miR146a-Sp, P < 0.05; miR-301a-3p, P <
0.001; and miR-6503-3p, P < 0.05) (Fig. 2B). All were
upregulated in AITD, except for miR-Let-7d, which was
downregulated. To discriminate if these miRNAs were
dysregulated according to the type of AITD (HT or GD),
we analyzed the levels of DE miRNAs in each subgroup;
miR-Let7d-5p was DE in HT, mir-142-3p in GD, and
miR-21-5p, miR-96-5p, and miR-301-3p in both HT and

GD. Although miR-146a-5p and miR-6503-3p lost sig-
nificance when both groups were considered separately,
we observed the same trend of dysregulation in all of

them, denoting the distinction between controls and HT/
GD (Fig. 2C and Fig. 3A).

A five-signature miRNA to discriminate patients
with AITD vs controls: correlation with
clinical features

To assess the existence of any possible associations
between miRNA levels and clinical features and explore
their clinical utility, we first investigated the correlations
of all the analyzed miRNAs with patients’ corresponding
serum levels of free thyroxine, thyrotropin, antithyroid
peroxidase antibody (TPO-Ab), antithyroglobulin anti-
body (Tg-Ab), and TSHR-Ab (correlation heatmap in
Fig. 4A). Spearman p analyses revealed that miR-Let7d-5p
was negatively associated with levels of TPO-Ab
(r = —0.38), whereas miR-21-5p and miR-96-5p were
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Figure 2. (A) Comparison of miRNA expression between NGS and gqRT-PCR. miRNAs determined to be DE in patients with AITD by NGS were
validated by gRT-PCR. The height of the columns in the chart represents the log-transformed average fold change in expression, comparing

the expression levels of AITD samples with normal thyroid tissues for each of the validated miRNAs. A total of 10 miRNAs were selected for
validation, and 8 were confirmed by qRT-PCR. Data are expressed as mean =+ standard error of the mean. (B) miRNAs in the validation study in
tissue and serum samples. Eight different miRNAs were DE in 26 patients with AITD compared with 10 controls measured in fresh-frozen thyroid
tissue samples (miR-21-5p, miR-142-3p, miR-146a-5p, miR-146b-5p, miR-155-5p, miR-338-5p, miR-342-5p, and miR-766-3p). Of the total
circulating miRNAs evaluated in 56 samples (36 patients with AITD and 22 healthy controls), miR-21-5p, miR-96-5p, miR-142-3p, and miR-146a-
Sp were DE in patients with AITD vs controls. Furthermore, of the five miRNAs included in the study, miR-Let7d-5p, miR-142-5p, and miR-301a-
3p were also DE in serum samples. (C) Normalized relative quantities (NRQs) of miRNAs in serum samples analyzed according to the different
subgroups of AITD: HT and GD. miR-Let7d-5p was DE in HT, mir-142-3p in GD, and miR-21-5p, 96-5p, and 301-3p in both HT and GD.
miR146a-5p and miR-6503-3p lost significance when we distinguished between HT and GD. Data are presented as mean = standard deviation.

*P < 0.05. **P < 0.01. ***P < 0.001. ****P = 0.0001.

positively correlated with TPO-Ab (r = 0.39 and r = 0.48,
respectively), Tg-Ab (r = 0.36 and r = 0.4, respectively), and
TSHR-AD (r=0.45 and r = 0.4, respectively). miR-142-3p
and miR-301a-3p were only positively associated with
TSHR-Ab (r = 0.38 and r = 0.31), and miR-6503-3p
correlated with TPO-Ab (r = 0.27). Interestingly, these
miRNAs (except for miR-6503-3p) were DE in HT and/
or GD. Also, all miRNAs were significantly correlated
between themselves, with a remarkable similarity be-
tween miR-21-5p and miR-96-5, which exhibited an
analogous behavior regarding their correlation with
clinical features (Fig. 4B).

We assessed the discriminating potency between AITD
and controls of these circulating miRNAs using ROC

curve analyses (Fig. 4C), and we confirmed that five
miRNAs (miR-Let7d-5p, miR-21-5p, miR-96-5p, miR-
142-3p, and miR-301a-3p) were good discriminators
[area under the curve (AUC) =0.848, with >76% cor-
rectly classified instances]. Then, we assessed the prog-
nostic role of miRNAs in GD by correlating DE miRNAs
of the signature with clinical parameters, including per-
sistent and/or severe forms of hyperthyroidism. Relative
expression of miR-Let7d-5p, miR-96-5p, and miR-301a-
3p was significantly different in patients with GO than in
controls (P = 0.0073, P = 0.0055, and P = 0.0374, re-
spectively), although no differences were found between
controls and patients with GD without GO (P > 0.99,P =
0.06, and P = 0.42, respectively) (Fig. 5A). However,
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Figure 3. (A) Overall study design and workflow. NGS was performed in 20 thyroid tissues. Ten miRNAs were selected for validation by qRT-PCR,
and 8 were confirmed. In five cases, miRNAs from NGS were confirmed in serum samples. Five additional miRNAs were selected bibliographically.
Of the 15 miRNAs studied in serum samples (10 from NGS and 5 selected bibliographically), 5 were confirmed as a specific miRNA signature. (B)

Roles of the five-signature miRNA (miR-Let7d-5p, miR-21-5p, miR-96-5p, miR-142-3p, and miR-301a-3p) found in AITD samples. The lower levels
of miR-Let7d-5p fall to the suppression of Th1 cells by Treg cells, leading to Th1 cell proliferation and interferon-y (IFN-y) secretion (32). The

increase of miR-142-3p could impair the inhibitory effect of Treg cells on the

proliferative response and cytokine production of CD4+CD25—

T cells (35). miR-21-5p can regulate the Th1/Th2 balance and promote Th17 differentiation by inhibiting Smad-7 (36). miR-96-5p can increase
cytokine production of Th17 cells (37). miR-301a-3p can downregulate PIAS3, promoting Th17 development (34). The altered expression of all
these miRNAs can alter the normal function of immune cells, leading to a loss of immune tolerance in AITD. TNFa, tumor necrosis factor a.

miR-Let7d-5p was significantly lower in patients with
GO compared with patients with GD without GO (P = 0.016)
and more remarkably in those with active GO (P = 0.0016)
(Fig. 5B), which also had a negative correlation with clinical

activity score (r = —0.6504, P = 0.0014) (Fig. 5C). Patients
with more severe disease had lower miR-Let7d-5p levels (P =
0.034) (Fig. 5D). For miR-21-5p, a higher expression was
significantly correlated with a worse prognosis, with more
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Figure 4. (A) Correlation heatmap between the expression of miRNAs and clinical and laboratory parameters (Spearman p analysis). Significant
negative correlations are shown in red and significant positive correlations in green (*P < 0.05; **P < 0.01). Bottom left triangle shows
correlations between miRNAs and top square shows correlations between miRNAs and clinical data. miR-Let7d-5p is negatively associated with
levels of TPO-Ab (r = —0.38). miR-21-5p and miR-96-5p are positively correlated with TPO-Ab (r = 0.39 and r = 0.48, respectively), Tg-Ab
(r=0.36 and r = 0.4 respectively), and TSHR-Ab (r = 0.45 and r = 0.4 respectively). miR-142-5p and miR-301a-3p are positively associated
with TSHR-Ab (r = 0.38 and r = 0.31), and miR-6503-3p correlates with TPO-Ab (r = 0.27). (B) Correlation analysis between miR-21-5p and
miR-96-5p (r = 0.58 and P < 0.001). (C) ROC curve analyses performed to assess the diagnostic value of circulating miR-Let7d-5p, miR-21-
5p, miR-96-5p, miR-142-3p, and miR-301-3p to discriminate between controls and patients with AITD. The table shows the AUC, the
percentage of correctly predicted instances, 95% confidence intervals (95% Cls), sensitivity, and specificity of the analyses.

patients presenting recurrent disease (P = 0.028) (Fig. SE and
Supplemental Table 3). In fact, after adjusting for age, sex,
and TSHR-Ab, miR-21-5p remained significant (P =
0.042). Subsequent analysis using the method of all
possible equations showed that combining miR-21-5p
and TSHR-AD in the regression model achieved the best
predictive value for disease persistence. In this regard,
ROC curves for miR-21-5p, TSHR-Ab, and a composite
model of both markers (Fig. 5F) found that baseline miR-
21-5p alone had an AUC of 0.85 and a percentage of
correctly classified instances of 85%, whereas baseline
TSHR-AD alone had an AUC of 0.64 and a prediction of
65% at the cut point of 3. The composite marker had an
AUC of 0.92 and a percentage of prediction of 90%.

Discussion

Accumulating evidence suggests that miRNAs can be
used as biomarkers of various diseases, including various
autoimmune disorders (38). In addition to tissue-derived
miRNAs, circulating miRNAs, which are protected from
endogenous RNase activity, are specific and stable and
can be used as extracellular biomarkers. The advantage

of using circulating miRNAs is that the diagnostic ap-
proach could be minimized to a single blood sample (7).
Although studies have investigated miRNAs in patients
with AITD, few have explored their clinical and di-
agnostic utility and their role in risk stratification.

In this study, we describe the global patterns of
miRNA expression found in AITD thyroid samples. We
found a good correlation between the expression profiles
using NGS and qRT-PCR in fresh-frozen thyroid tissues,
suggesting that NGS could be a reliable method for
miRNA profiling in AITD. In fact, using NGS, we se-
lected 10 miRNAs in accordance to immune pathways
(cytokine signaling, Toll-like receptor cascade, interferon
signaling, B-cell receptor signaling) and confirmed that 8
miRNAs were DE in the thyroid and 3 (miR-21-5p, miR-
142-3p, and miR-146a-5p) in serum samples of patients
with AITD. These results suggest that some of these
circulating miRNAs are synthetized in thyroid tissue and
are then released to human body fluids, including the
blood, as a form of intercellular communication, so they
could be used to monitor the altered tissue.

Some of the miRNAs found in the thyroid (miR-21-5p,
miR-146a-5p, and miR-155-5p) have been widely reported
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Figure 5. Correlation of levels of miRNAs with clinical data of patients with GD. (A) Classification of patients with GD according to the presence
or absence of GO. Relative expression of miR-Let7d-5p, miR-96-5p, and miR-301-3p was DE in the GO group compared with controls. In
addition, miR-Let7d-5p was DE between patients with GD with and without GO. (B) The expression levels of miR-Let7d-5p were DE in patients
with GD with active GO [clinical activity score (CAS) >3]. (C) There was a negative correlation between the expression of miR-Let7d-5p and CAS.
(D) Levels of miR-Let7d-5p according to disease severity; patients with severe disease had lower levels of miR-Let7d-5p. (E) miR-21-5p was higher
in patients with persistent disease. (F) ROC curves were performed to analyze the predictive values of regression models for disease persistence
based on miR-21-5p, TSHR-Ab, and the composite of both parameters. Table shows the AUC, the percentage of correctly predicted instances,
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**P < 0.01. ***P < 0.001. ****P =0.0001.

to participate in lymphocyte differentiation and activation
(36, 39-43). For instance, miR-146 has been associated
with regulation of the immune response (39, 41, 43) and
miR-155 to T-regulatory cell development and Th17 dif-
ferentiation (40, 42). Regarding AITD, studies on these
miRNAs have been discordant, with reports of decreased or
increased expression of miR-21-5p, miR-146a-5p, and/or
miR-155-5p, depending on the specific type of disease
(AITD vs HT vs GD), the tissue studied (thyroid tissue,
needle aspiration samples, peripheral blood mononuclear
cells, microvesicles, and/or serum), or the conservation
method used (fresh samples vs FFPE) (12, 13, 20-22, 24,
44), hence the importance of studying homogeneous groups
of patients, samples, and preservation methods. In our
study, we found some differences in DE miRNAs when we
analyzed AITD as a whole or as subgroups or in thyroid vs
serum samples. Moreover, there was a poor correlation
between the relative expression of miRNA in formalin-fixed

and frozen samples, which forced us to exclude FFPE
samples from our analysis to provide more robustness to
our results (45-48). Taken together, all these issues could
potentially explain the discrepancies observed between
previous publications and our current findings.

To further evaluate if these miRNAs could behave as
biomarkers of risk for developing AITD, we studied the
top 10 miRNAs found in NGS and 5 additional miRNAs
(miR-Let7d-5p, miR-126-3p, miR-142-5p, miR-223-3p,
and miR-301a-3p), which have been previously reported
to be involved in different autoimmune disorders, in-
cluding AITD (24, 32-34). We found a good correlation
between some of these miRNAs and all three thyroid
autoantibody levels. Because these autoantibodies are
frequently used to establish the risk of AITD, we assessed
whether miRNAs could be also used in the same way. To do
so, we performed a composite marker by a logistic re-
gression model and found that a specific five-serum miRNA
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signature (miR-Let7d-5p, miR-21-5p, miR-96-5p, miR-
142-3p, and miR-301-3p) was able to assign a risk for
developing AITD independently of autoantibody titers.

We also evaluated if this signature could be the used in
the clinical evaluation of patients with GD. We found that
three of the signature’s miRNAs (miR-Let7d-5p, miR-96-
5p, and miR-301-3p) were DE in patients with GO,
whereas miR-Let7d-5p was inversely correlated with a
higher GD severity and GO clinical activity. In this
regard, as miR-Let7 has a specific Treg cell-mediated
function, which can prevent Thl cell-mediated in-
flammation and interferon-y secretion (49), its lower
levels found in patients with AITD with more severe
disease could be associated with a defective Treg function
previously reported in patients with AITD (50).

miRNA-21-5p, itself, was associated with a higher risk
of developing GD and a worse clinical outcome, and it
was correlated to persistent disease in the long-term
follow-up, with a better predictive value than the cur-
rently used TRAD levels (51). Recent reports have highly
implicated miR-21 in the regulation of immune functions
and development of several autoimmune disorders (52-55),
suggesting a shared mechanism of action of this miRNA
in different immune cells. The fact that expression of
miR-21 affects T-cell activation, including the Th1/Th2
balance and Th17 differentiation (20, 21, 36, 56, 57),
may explain these findings. In fact, we have recently
reported increased levels of pathogenic Th17 cells in the
peripheral blood and thyroid tissue from patients with
AITD (58, 59). Our results also point to a similar be-
havior between miR-21-5p and miR-96-5p in AITD
serum samples. Recent findings have demonstrated that
miR-96 is highly expressed in pathogenic Th17 cells,
and its overexpression in CD4+ T cells significantly
increases cytokine production of Th17 cells (37),
denoting a role in Th17 cells (60).

For miR-142-3p and miR-301a-3p, there have been
reports of their implication in Treg and Th17 regulation,
respectively, in some autoimmune diseases (34, 335, 61,
62). However, to our knowledge, data are still lacking
regarding these miRNAs in AITD, and our results add
new evidence to their role in Treg dysregulation in this
particular disease (50) (Fig. 3B).

In summary, our data reveal for the first time using
NGS, to our knowledge, the validation of dysregulated
miRNAs in thyroid tissue and serum from patients with
AITD. In addition, we provide a five-signature miRNA,
which may be used as a potential biomarker to assign a
risk for developing AITD and also for the evaluation of
the severity of GD. This signature could have a sub-
stantial value in selecting specific treatment options.
These outcomes represent a meaningful advance in the
field of miRNAs as biomarkers in AITD and could

contribute to a better understanding of the powerful
translational role of miRNAs.
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John
Sticky Note
The present findings identify a serum five-signature micro RNA that could be an
independent risk factor for developing AITD and a predisposition to a worse clinical picture in
patients with Graves Disease.


Deafness and loss of cochlear hair cells in the absence of thyroid hormone
transporters Slc16a2 (Mct8) and Slc16a10 (Mct10)

David S. Sharlin,Lily Ng,Francois Verrey,Theo J. Visser, Ye Liu,Rafal T. Olszewski, Michael Hoa,Heike
Heuer, and Douglas Forrest

Sci Rep. 2018; 8: 4403.

Abstract

Transmembrane proteins that mediate the cellular uptake or efflux of thyroid hormone potentially
provide a key level of control over neurodevelopment. In humans, defects in one such protein,
solute carrier SLC16A2 (MCT8) are associated with psychomotor retardation. Other proteins that
transport the active form of thyroid hormone triiodothyronine (T3) or its precursor thyroxine (T4)
have been identified in vitro but the wider significance of such transporters in vivo is unclear. The
development of the auditory system requires thyroid hormone and the cochlea is a primary target
tissue. We have proposed that the compartmental anatomy of the cochlea would necessitate
transport mechanisms to convey blood-borne hormone to target tissues. We report hearing loss in
mice with mutations in Slc16a2 and a related gene Slc16a10 (Mct10, Tatl). Deficiency of both
transporters results in retarded development of the sensory epithelium similar to impairment
caused by hypothyroidism, compounded with a progressive degeneration of cochlear hair cells and
loss of endocochlear potential. Administration of T3 largely restores the development of the sensory
epithelium and limited auditory function, indicating the T3-sensitivity of defects in the sensory
epithelium. The results indicate a necessity for thyroid hormone transporters in cochlear
development and function

Comment

The Allan-Hearndon-Dudley syndrome (characterised by gross hypotonia, severe mental impairment
with little or no speech capability progressing to death before age 10) is now known to be associated
with mutations in the monocarboxylate transporter 8(MCT8) which is one of the transporters
involved in T4 transport into neural tissue. The authors of this experimental study have investigated
the role of MCT8 and MCT10 in the developing ear in mice. Although thyroid dysfunction is known to
affect auditory function there are no data from patients with AHD syndrome. In mice these workers
found hearing loss in those animals with a mutation in either of the transporters and noted that
administration of T3 could almost completely restored the development of the cochlear sensory
epithelium with improvement in hearing.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5849681/

Med Sci Monit. 2018; 24: 6438—6448.
Identification of Key Pathways and Genes in Anaplastic Thyroid
Carcinoma via Integrated Bioinformatics Analysis

Shengging Hu, Yunfei Liao, and Lulu Chen®

Background To provide a better understanding of anaplastic thyroid carcinoma
(ATC) at the molecular level, this study aimed to identify the genes and key
pathways associated with ATC by using integrated bioinformatics analysis.

Based on the microarray data GSE9115, GSE65144, and GSE53072 derived from
the Gene Expression Omnibus, the differentially expressed genes (DEGs) between
ATC samples and normal controls were identified. With DEGs, we performed a
series of functional enrichment analyses. Then, a protein—protein interaction (PPI)
network was constructed and visualized, with which the hub gene nodes were
screened out. Finally, modules analysis for the PPI network was performed to further
investigate the potential relationships between DEGs and ATC.

A total of 537 common DEGs were screened out from all 3 datasets, among which
247 genes were upregulated and 275 genes were downregulated. GO analysis
indicated that upregulated DEGs were mainly involved in cell division and mitotic
nuclear division and the downregulated DEGs were significantly enriched in
ventricular cardiac muscle cell action potential. KEGG pathway analysis showed that
the upregulated DEGs were mainly enriched in cell cycle and ECM-receptor
interaction and the downregulated DEGs were mainly enriched in thyroid hormone
synthesis, insulin resistance, and pathways in cancer. The top 10 hub genes in the
constructed PPI network were CDK1, CCNB1, TOP2A, AURKB, CCNA2, BUBT1,
AURKA, CDC20, MAD2L1, and BUB1B. The modules analysis showed that genes in
the top 2 significant modules of PPI network were mainly associated with mitotic cell
cycle and positive regulation of mitosis, respectively.

Conclusions

We identified a series of key genes along with the pathways that were most closely
related with ATC initiation and progression. Our results provide a more detailed
molecular mechanism for the development of ATC, shedding light on the potential
biomarkers and therapeutic targets.

Comment

Anaplastic thyroid cancer (ATC) accounts for less than 1% of thyroid malignancies
but is a devastating disease with very poor prognosis. This study has analysed
differentially expressed genes from microarray data to improve the understanding of
genes and key pathways associated with ATC. These analytical techniques have
shed light on important genes and pathways which will hopefully allow development
of therapeutic targets for this disease as well as improving our understanding of the
pathogenesis.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6151107/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30213925
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=30213925
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30213925

Meta-analysis of microarray datasets identify several chromosome segregation
related cancer/testis genes potentially contributing to anaplastic thyroid
carcinoma

Mu Liu, Yu-lu Qiu, , Tong Jin, Yin Zhou, Zhi-yuan Mao and Yong-jie Zhang
Peerd. 2018; 6: €5822.

ABSTRACT

Aim. Anaplastic thyroid carcinoma (ATC) is the most lethal thyroid malignancy. Identification of
novel drug targets is urgently needed.

Materials & Methods. We re-analyzed several GEO datasets by systematic retrieval and data
merging. Differentially expressed genes (DEGs) were filtered out. We also performed pathway
enrichment analysis to interpret the data. We predicted key genes based on protein—protein
interaction networks, weighted gene co-expression network analysis and genes’ cancer/testis
expression pattern. We also further characterized these genes using data from the Cancer Genome
Atlas (TCGA) project and gene ontology annotation.

Results. Cell cycle-related pathways were significantly enriched in upregulated genes in ATC. We
identified TRIP13, DLGAPS, HIURP, CDKN3, NEK2, KIF15, TTK, KIF2C, AURKA and TPX2 as cell cycle-
related key genes with cancer/testis expression pattern. We further uncovered that most of these
putative key genes were critical components during chromosome segregation.

Conclusion. We predicted several key genes harboring potential therapeutic value in ATC. Cell cycle-
related processes, especially chromosome segregation, may be the key to tumorigenesis and
treatment of ATC.

Comment

This study of genes in ATC has noted that the upregulated genes in this disease were related to cell
cycle pathways many of the genes were involved in chromosome segregation. Hence the study
sheds new light on pathogenesis and potential treatment of ATC.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6203939/

Thyroglobulin level at week 16 of pregnancy is superior to urinary iodine
concentration in revealing preconceptual and first trimester iodine

supply

Monika Katko, Andrea Anett Gazso, lldiko Hircsu, Harjit Pal Bhattoa, Zsuzsanna Molnar, Bela
Kovacs, David Andrasi, *Janos Aranyosi, Rita Makai, Lajos Veress, Olga Torok, Miklos Bodor, Laszlo

Samson, and Endre V. Nagyi

Matern Child Nutr. 2018 Jan; 14(1): e12470.

Abstract

Pregnant women are prone to iodine deficiency due to the increased need for iodine during
gestation. Progress has recently occurred in establishing serum thyroglobulin (Tg) as an iodine status
biomarker, but there is no accepted reference range for iodine sufficiency during pregnancy. An
observational study was conducted in 164 pregnant women. At week 16 of gestation urinary iodine
concentration (UIC), serum Tg, and thyroid functions were measured, and information on the type of
iodine supplementation and smoking were recorded. The parameters of those who started iodine
supplementation (=150 pg/day) at least 4 weeks before pregnancy (n = 27), who started at the
detection of pregnancy (n = 51), and who had no iodine supplementation (n = 74) were compared.
Sufficient iodine supply was found in the studied population based on median UIC (162 pg/L). lodine
supplementation >150 pg/day resulted in higher median UIC regardless of its duration (nonusers:
130 pg/L vs. prepregnancy iodine starters: 240 pug/L, and pregnancy iodine starters:

205 pg/L, p <.001, and p = .023, respectively). Median Tg value of pregnancy starters was identical
to that of nonusers (14.5 vs. 14.6 pg/L), whereas prepregnancy starters had lower median Tg

(9.1 pg/L, p = .018). Serum Tg concentration at week 16 of pregnancy showed negative relationship
(p = .010) with duration of iodine supplementation and positive relationship (p = .008) with smoking,
a known interfering factor of iodine metabolism, by multiple regression analysis. Serum Tg at week
16 of pregnancy may be a promising biomarker of preconceptual and first trimester maternal iodine
status, the critical early phase of foetal brain development.

Comment

Adequate iodine nutrition especially at the time of conception and in the 1* trimester is known to be
critical for optimal fetal brain development. Currently iodine status is assessed by measurement of
urinary iodine concentration but this method has limitations. This paper reports that serum
thyroglobulin determination at 16 weeks gestation may be a suitable biomarker of preconception
iodine status as well as first trimester status.
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Maternal Iodine Insufficiency and Excess Are Associated with Adverse
Effects on Fetal Growth: A Prospective Cohort Study in Wuhan, China

Renjuan Chen Qian Li Wenli Cui Xiaoyi Wang Qin Gao Chunrong Zhong Guogiang SunXinlin
Chen Guoping Xiong et al The Journal of Nutrition, Volume 148, Issue 11, 1 November
2018, Pages 1814-1820,https://doi.org/10.1093/jn/nxy182

Maternal iodine status has been suggested to affect birth outcomes. Few studies have focused on its
effects on fetal growth during pregnancy.

Objective

This study aimed to assess maternal iodine status during early pregnancy and further examine the
relation between maternal iodine status and fetal growth.

Methods

A total of 2087 singleton-pregnant women participating in the Tongji Maternal and Child Health
Cohort study were involved. Urinary iodine concentration (UIC) and creatinine concentration were
measured in spot urine samples collected in early pregnancy (<20 wk of gestation). Fetal head
circumference (HC), femur length (FL), and estimated fetal weight (EFW) were evaluated by
ultrasonography in each trimester. A multiple linear regression model was used to examine the
association of iodine status with fetal growth characteristics, and a mixed-effects model was used to
assess longitudinal effect.

Results

The median UIC and iodine-to-creatinine (I/Cr) ratio were 178 pg/L and 234 ug/g, respectively. The
prevalence of insufficient iodine status (I/Cr ratio <150 pg/g) was 19.8%(n = 414), of adequate iodine
status (150-249 ug/g) was 34.8% (n = 726), of iodine status above the requirements (250-499 ug/g)
was 32.1% (n = 669), and of excessive iodine status (2500 ug/g) was 13.3% (n = 278). Maternal iodine
insufficiency was inversely associated with fetal FL in the second and third trimesters. In stratified
analysis, significant interactions were found between maternal iodine status and age as well as
parity (all P < 0.05). The longitudinal analyses showed negative associations of maternal insufficient,
more than adequate, or excessive iodine status with fetal growth during pregnancy (all P < 0.05).
Conclusions

In central China, maternal iodine insufficiency and excess coexisted during early pregnancy and they
both adversely affected fetal growth. There is an urgent need for ongoing monitoring of iodine
status among vulnerable pregnant women in order to optimize iodine nutrition during pregnancy.

lodine deficiency in pregnancy is known to result in impaired neurodevelopment but effects on fetal
growth are less well understood. This study examined fetal head circumference, fetal femur length
and estimated fetal fetal weight in large numbers of women with insufficient iodine status, adequate
iodine status iodine status above requirements and excessive iodine status and found that iodine
insufficiency and excess were both associated with adverse fetal growth indicating the importance
of adequate iodine nutrition during pregnancy.
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Subclinical Changes in Maternal Thyroid Function
Parameters in Pregnancy and Fetal Growth

Lauren E. Johns, Kelly K. Ferguson, David E. Cantonwine, Bhramar Mukherjee,
John D. Meeker, and Thomas F. McElrath

J Clin Endocrinol Metab 103: 1349-1358, 2018

Context: Overt thyroid disease in pregnancy is a known risk factor for abnormal fetal growth and
development. Data on the effects of milder forms of variation in maternal thyroid function on
intrauterine growth are less well examined.

Objective: We explored these associations using repeated thyroid hormone and ultrasound
measurements.

Design, Setting, and Participants: Data were obtained from 439 pregnant women without diagnosed
thyroid disease who were participants in a case-control study of preterm birth nested

within an ongoing prospective birth cohort in Boston, Massachusetts.

Main Outcome Measures: Ultrasound and delivery indices of fetal growth were standardized to
those measured in a larger population.

Results: At median 10, 18, and 26 weeks of gestation, we observed significant inverse associations
between free thyroxine (FT4) and birth weight z scores, with the strongest association detected at
median 10 weeks, at which time a 10% increase in FT4 was associated with a 0.02 z score decrease
(;8.5 g) in birth weight (b = 20.41 for In-transformed FT4; 95% confidence interval, 20.64

to 20.18). FT4 was also inversely associated with repeated measurements of estimated fetal
weight, head circumference, and abdominal circumference. We observed weaker inverse
associations for total T4 and a positive relationship between total triiodothyronine and birth weight
z scores. We did not observe any associations for thyroid-stimulating hormone.

Conclusion: In pregnant women without overt thyroid disease, subclinical changes in thyroid
function parameters may influence fetal growth.

The current emphasis in studies in thyroid disease and pregnancy is not the effects of overt disease
which are well known and accepted but the more subtle effects of maternal thyroid hormone
concentrations within normal ranges with no thyroid disease.

This study reports the effects of thyroid hormone variation within the normal range and measures of
fetal growth. This was particularly seen when examining the inverse relation between FT4 and birth
weight. The underlying physiological reason for this observation is not clear but may be related to
placental function implying appropriate nutrient transfer to the fetus as well as T4 transfer.



Immune-Related Thyroiditis with Immune
Checkpoint Inhibitors

Priyanka C. lyer,Maria E. Cabanillas,Steven G. Waguespack, Mimi I. Hu, Sonali Thosani,
Victor R. Lavis, Naifa L. Busaidy,Sumit K. Subudhi,Adi Diab,and Ramona Dadu1

THYROID Volume 28, Number 10, 2018 1243-1251

Background: Although immune-related thyroiditis (irT) with immune checkpoint inhibitors
(ICI) is a common consequence, its natural course and management recommendations are not
well characterized in existing guidelines. This study sought to investigate the evolution of irT
and describe its course and sequelae.

Methods: This was a retrospective study of cancer patients treated with ICI between November
2014 and July2016 at MD Anderson Cancer Center and referred for endocrinology evaluation
for suspected irT. Patients included had normal baseline thyroid function tests prior to starting
ICI and developed thyrotoxicosis due to irT.

Results: Of 657 patients treated with ICI during the study period, 43(6.5%) met the inclusion
criteria. ICI included: ipilimumab + nivolumab (40%), nivolumab (33%), pembrolizumab (21%),
and other (7%). Cancer diagnoses observed were melanoma (23%), renal-cell carcinoma (21%),
lung cancer (19%), bladder cancer (12%),colon cancer (9%), and other cancers (15%). Median
time from ICI start to thyrotoxicosis was 5.3 weeks (range0.6-19.6 weeks). Clinically, patients
presented with painless thyroiditis, and 67% were asymptomatic during the

thyrotoxicosis phase. Thyrotoxicosis lasted a median of six weeks (range 2.6-39.7 weeks).
Hypothyroidism developed in 37 (84%) patients at a median of 10.4 weeks (range 3.4-48.7
weeks) after starting ICI. These patients remained on levothyroxine and ICI at a median follow-
up of 57.4 weeks (range 1-156.7 weeks) from hypothyroidism onset. Four patients recovered
without initiating levothyroxine and remained euthyroid at a median follow-up of 11.35 months
(range 4.43-14.43 months). Subgroup analysis of ipilimumab + nivolumab versus nivolumab
alone showed a median time to thyrotoxicosis of two weeks [confidence interval (CI) 3.5-8.4]
versus six weeks ([CI 1.2-2.8]; p = 0.26) and time to hypothyroidism of 10 weeks [CI 8.1-11.9]
versus 17 weeks ([CI8.8-25.2]; p = 0.029) after starting ICI. Thyroid peroxidase and
thyroglobulin antibodies were present in 45% and33% at the time of irT diagnosis.
Conclusions: Ir'T manifests as an early onset of thyrotoxicosis, which is largely asymptomatic,
followed by rapid transition to hypothyroidism requiring long-term levothyroxine substitution.
The evolution of irT is more rapid with combination ICI. Frequent monitoring of thyroid
function tests during ICI is warranted. Future guidelinesneed to recognize this entity and
incorporate their management.

Comment

Immune checkpoint inhibitors have transformed the treatment of some cancers but they can
have alarming side effects. This retrospective study found 6.5% of patients with thyroiditis
characterised by a similar clinical pattern to post partum thyroiditis namely onset of
thyrotoxicosis followed by hypothyroidism requiring long term thyroxine therapy. This clinical
picture is more rapid in patients receiving combination therapy.



Performance of a Multigene Genomic Classifier
in Thyroid Nodules With Indeterminate Cytology

A Prospective Blinded Multicenter Study

David L. Steward, Sally E. Carty,; Rebecca S. Sippel, Samantha Peiling Yang, Julie A. Sosa, Jennifer A.
Sipos, James J. Figge, Susan Mandel, MD, MPH;Raja R. Seethala, William E. Gooding, Simion .
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Kwok Seng Loh, Carrie B. Marshall, Sarah Mayson, Kelly L. McCoy, Min En Nga, Kee Yuan Ngiam,
Marina N. Nikiforova, Jennifer L. Poehls, Matthew D. Ringel, MD;Huaitao Yang, Md, PhD; Linwah Yip,
MD; Yuri E. Nikiforov, MD, PhD

JAMA Oncol. doi:10.1001/jamaoncol.2018.4616

IMPORTANCE Approximately 20%of fine-needle aspirations (FNA) of thyroid nodules have
indeterminate cytology, most frequently Bethesda category Ill or IV. Diagnostic surgeries can

be avoided for these patients if the nodules are reliably diagnosed as benign without surgery.
OBJECTIVE To determine the diagnostic accuracy of a multigene classifier (GC) test

(ThyroSeq v3) for cytologically indeterminate thyroid nodules.

DESIGN, SETTING, AND PARTICIPANTS Prospective, blinded cohort study conducted at 10

medical centers, with 782 patients with 1013 nodules enrolled. Eligibility criteria were met

in 256 patients with 286 nodules; central pathology review was performed on 274 nodules.
INTERVENTIONS A total of 286 FNA samples from thyroid nodules underwent molecular

analysis using the multigene GC (ThyroSeq v3).

MAIN OUTCOMES AND MEASURES The primary outcome was diagnostic accuracy of the test

for thyroid nodules with Bethesda Ill and IV cytology. The secondary outcome was prediction

of cancer by specific genetic alterations in Bethesda Ill to V nodules.

RESULTS Of the 286 cytologically indeterminate nodules, 206 (72%) were benign, 69 (24%)
malignant, and 11 (4%) non invasive follicular thyroid neoplasms with papillary-like nuclei
(NIFTP). A total of 257 (90%) nodules (154 Bethesda Ill, 93 Bethesda IV, and 10 Bethesda V)

had informative GC analysis, with 61%classified as negative and 39%as positive. In Bethesda

IIl and IV nodules combined, the test demonstrated a 94%(95%Cl, 86%-98%) sensitivity

and 82%(95%Cl, 75%-87%) specificity. With a cancer/NIFTP prevalence of 28%, the

negative predictive value (NPV) was 97%(95%Cl, 93%-99%) and the positive predictive

value (PPV) was 66%(95%Cl, 56%-75%). The observed 3%false-negative rate was similar

to that of benign cytology, and the missed cancers were all low-risk tumors. Among nodules
testing positive, specific groups of genetic alterations had cancer probabilities varying from
59%to 100%.

CONCLUSIONS AND RELEVANCE In this prospective, blinded, multicenter study, the multigene

GC test demonstrated a high sensitivity/NPV and reasonably high specificity/PPV, which may
obviate diagnostic surgery in up to 61% of patients with Bethesda Il to IV indeterminate

nodules, and up to 82%of all benign nodules with indeterminate cytology. Information on
specific genetic alterations obtained from FNA may help inform individualized treatment of
patients with a positive test result.

COMMENT

Thyroid nodules are common and raise the possibility of malignancy. Around 20% FNA samples have
indeterminate cytology.In this study a large number of FNA samples were subjected to molecular
analysis using a multigene classifier to determine the diagnostic accuracy of this technique. There
was a 3% false negative rate (low risk tumours) and a negative predictive value of 97%. It is
suggested that this technique will inform individual patients’ treatment in those with a positive FNA
result.



Predictive score for the development or progression of Graves’ orbitopathy in patients with
newly diagnosed Graves’ hyperthyroidism

Wilmar Wiersinga, Milo Zarkovi¢, Luigi Bartalena, Simone Donati, Petros Perros, Onyebuchi Okosieme, Daniel Morris, Nicole
Fichter, Jurg Lareida, Georg von Arx, Chantal Daumerie, Maria-Christina Burlacu, George Kahaly, Susanne Pitz, Biljana Beleslin,
Jasmina Ciri¢, Goksun Ayvaz, Onur Konuk, Flisun Balos Tériiner, Mario Salvi, Danila Covelli, Nicola Curro, Laszlo Hegediis and
Thomas Brix on behalf of EUGOGO (European Group on Graves’ Orbitopathy

European Journal of Endocrinology (2018) 178, 635643

Abstract

Objective: To construct a predictive score for the development or progression of Graves’ orbitopathy (GO) in Graves’
hyperthyroidism (GH).

Design: Prospective observational study in patients with newly diagnosed GH, treated with antithyroid drugs (ATD) for 18
months at ten participating centers from EUGOGO in 8 European countries.

Methods: 348 patients were included with untreated GH but without obvious GO. Mixed effects logistic regression was used to
determine the best predictors. A predictive score (called PREDIGO) was constructed.

Results: GO occurred in 15% (mild in 13% and moderate to severe in 2%), predominantly at 612 months after start of ATD.
Independent baseline determinants for the development of GO were clinical activity score (assigned 5 points if score > 0), TSH-
binding inhibitory immunoglobulins (2 points if TBII 2-10 U/L, 5 points if TBIl > 10 U/L), duration of hyperthyroid symptoms (1
point if 1-4 months, 3 points if >4 months) and smoking (2 points if current smoker). Based on the odds ratio of each of these
four determinants, a quantitative predictive score (called PREDIGO) was constructed ranging from 0 to 15 with higher scores
denoting higher risk; positive and negative predictive values were 0.28 (95% Cl 0.20-0.37) and 0.91 (95% CI 0.87—0.94)
respectively.

Conclusions: In patients without GO at diagnosis, 15% will develop GO (13% mild, 2% moderate to severe) during subsequent
treatment with ATD for 18 months. A predictive score called PREDIGO composed of four baseline determinants was better in
predicting those patients who will not develop obvious GO than who will.

Comment

Graves orbitopathy (GO) affects patients independent of their thyroid status although it is more commonly seen in those with
thyrotoxic Graves disease. Most of GO is mild or moderate in clinical severity but a significant minority develop severe,
sometimes sight threatening disease. Graves hyperthyroid patients at presentation often do not have any symptoms or signs
of GO thus raising the question of prediction of onset in this group. This study developed a predictive score (PREDIGO)
designed to establish which patients would develop GO. In fact results indicated that the metric was better in predicting those
patients who did not develop GO than those who did so. Nevertheless this metric will have valuable clinical importance.



Metal Coordinated Poly-Zinc-Liothyronine Provides Stable
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Bianco

Background: Liothyronine (LT3) has limited short-term clinical applications, all of which aim at
suppressing thyrotropin (TSH) secretion. A more controversial application is chronic administration
along with levothyroxine in the treatment of hypothyroidism. Long-term treatment with LT3 is
complicated by its unique pharmacokinetics that result in a substantial triiodothyronine (T3) peak in
the blood three to four hours after oral dosing. This is a

significant problem, given that T3 levels in the blood are normally stable, varying by <10%
throughout the day.

Methods: A metal coordinated form of LT3 (Zn[T3][H20])n, known as poly-zinc-liothyronine (PZL),
was synthesized and loaded into coated gelatin capsules for delivery to the duodenum where
sustained release of T3from PZL occurs. Male Wistar rats were made hypothyroid by feeding on a
low iodine diet and water containing0.05% methimazole for five to six weeks. Rats were given a
capsule containing 24 Ig/kg PZL or equimolar amounts of LT3. Blood samples were obtained multiple
times from the tail vein during the first 16 hours, and processed for T3 and TSH serum levels. Some
animals were treated daily for eight days, and blood samples were

collected daily.

Results: Rats given LT3 exhibited the expected serum T3 peak (about fivefold baseline) at 3.5 hours,
followed by a rapid decline, with serum levels almost returning to baseline values by 16 hours. In
contrast, serum T3 in PZL treated rats exhibited about a 30% lower T3 peak at nine hours.
Furthermore, the plateau time, that is, the time span during which the serum T3 concentration is at
least half of T3 peak, increased from 4.9 to 7.7 hours in LT3-versus PZL-treated rats, respectively.
Serum TSH dropped in both groups, but PZL-treated rats exhibited a more gradual decrease, which
was delayed by about four hours compared to LT3-treated rats. Chronic treatment with either LT3 or
PZL restored growth, lowered serum cholesterol, and stimulated hepatic expression of the
DiolmRNA and other T3-dependent markers in the central nervous system.

Conclusion: Capsules of PZL given orally restore T3-dependent biological effects while exhibiting a
reduced and delayed serum T3 peak.

Comment

There is considerable controversy in the practice of thyroidology concerning the administration of T3
to patients who are receiving treatment with T4 for therapy of any form of hypothyroidism. In
contrast to T4 the half life of available T3 preparations is short resulting in undesirable peaks of
serum T3 sometimes associated with cardiac arrythmias. This paper reports the introduction of a
long acting T3 and describes the pharmacokinetics in rats. The results suggest that this formulation
should be evaluated in the human situation.
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