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CLINICAL STUDY
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Abstract

Background: Placental transport of iodide is required for fetal thyroid hormone production. The sodium
iodide symporter (NIS) mediates active iodide transport into the thyroid and the lactating mammary
gland and is also present in placenta. NIS is competitively inhibited by thiocyanate from maternal
smoking, but compensatory autoregulation of iodide transport differs between organs. The extent of
autoregulation of placental iodide transport remains to be clarified.
Objective: To compare the impact of maternal smoking on thyroglobulin (Tg) levels in maternal serum
at delivery and in cord serum as markers of maternal and fetal iodine deficiency.
Methods: One hundred and forty healthy, pregnant women admitted for delivery and their newborns
were studied before the iodine fortification of salt in Denmark. Cotinine in urine and serum classified
mothers as smokers (nZ50) or nonsmokers (nZ90). The pregnant women reported on intake of
iodine-containing supplements during pregnancy and Tg in maternal serum at delivery and in cord
serum were analyzed.
Results: In a context of mild-to-moderate iodine deficiency, smoking mothers had significantly higher
serum Tg than nonsmoking mothers (mean Tg smokers 40.2 vs nonsmokers 24.4 mg/l, PZ0.004)
and so had their respective newborns (cord Tg 80.2 vs 52.4 mg/l, PZ0.006), but the ratio between Tg
in cord serum and maternal serum was not significantly different in smokers compared with
nonsmokers (smoking 2.06 vs nonsmoking 2.22, PZ0.69).
Conclusion: Maternal smoking increased the degree of iodine deficiency in parallel in the mother and
the fetus, as reflected by increased Tg levels. However, placental iodide transport seemed unaffected
despite high thiocyanate levels, suggesting that thiocyanate-insensitive iodide transporters alternative
to NIS are active or that NIS in the placenta is autoregulated to keep iodide transport unaltered.
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Introduction

Thyroid hormones are essential for early growth and
brain development, and iodine is required for thyroid
hormone synthesis (1, 2). In the early weeks of
pregnancy, the developing fetus relies on maternal
thyroid hormones, but endogenous fetal thyroid
hormone production contributes increasingly from the
beginning of the second trimester and is dependent on
placental transport of iodide from the maternal to the
fetal circulation (3).

Placenta contains iodine (4, 5, 6) and evidence
suggests that a number of iodide transporters are
involved in placental iodide transport. Placental tissue
and cell culture studies have demonstrated that the
sodium iodide symporter (NIS) is expressed in different
types of placental cells (7, 8, 9) and a functional role of
ndocrinology
NIS in placental iodide transport has been proposed
(10, 11). NIS is a member of the SLC5 family (SLC5A5)
of sodium solute symporters and it is well known that
NIS mediates the active transport of iodide into the
thyroid gland (12). NIS is also expressed in the lactating
mammary gland (13) mediating the active transport of
iodide into breast milk (14) and in some other extra-
thyroidal tissues including the intestine (15, 16).

Another member of the SLC5 family (SLC5A6), the
sodium multivitamin transporter (SMVT), has also
been demonstrated in various tissues including the
intestine (17) and the placenta (18). SMVT shares
high sequence similarity with NIS (12) and has been
demonstrated to mediate iodide transport in SMVT-
expressing oocytes (19).

In addition to SLC5 family transporters, sodium-
independent iodide transporters have also been
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proposed to play a role in placental iodide transport.
Pendrin is a chloride–iodide transporter expressed in the
placenta and in the thyroid gland (7, 20).

One way to study iodide transport in humans is to
observe the effect of a known iodide transport inhibitor,
such as thiocyanate (21). In humans, thiocyanate
(SCNK) stems from various sources, but in many
populations, the most important source is tobacco
smoking. Thiocyanate competitively inhibits NIS-
mediated iodide transport in the thyroid gland; however,
the reduced thyroid iodide uptake is compensated by
iodide autoregulation that tends to keep thyroid
iodide uptake sufficient for thyroid hormone synthesis
(12, 14, 22). On the other hand, the increased thyroid
activity associated with autoregulation leads to
increased serum thyroglobulin (Tg) and increased risk
of goiter in smokers (22, 23).

By contrast, autoregulation of NIS in the lactating
mammary gland seems minimal or absent. Breast milk
iodine content parallels urinary iodine excretion over a
wide range of concentrations (24), and iodine supple-
ments lead to dose-dependent increases in milk iodine
content both in domestic animals (25) and in
breastfeeding women (26). In accordance with this,
we previously showed increased risk of iodine deficiency
in breast-fed newborns of smoking mothers with no
signs of NIS autoregulation in the lactating mammary
gland (14).

The aim of this study was to compare the impact
of maternal smoking on Tg levels in maternal serum
at delivery and in cord serum. We studied a unique
cohort of iodine-deficient pregnant women with a
high frequency of smoking and their newborns. Tg in
maternal serum at delivery and in cord serum was
Table 1 Characteristics of the mothers and their newborns.

Iodine supplementsa (n

All (nZ140)
Smoking
(nZ16)

Nonsmoking
(nZ31)

Maternal age
(years)

Mean 27.3 27.4 28.2
S.D. 4.5 4.6 4.7

Parity
Median 1 1 1
Range 1–5 1–3 1–3

Gestational
age (weeks)

Mean 40.0 39.8 40.2
S.D. 1.5 1.9 1.4

Birth weight (g)
Mean 3520 3302 3699
S.D. 473 498 442

aMaternal daily intake of vitamin/mineral supplements containing iodine.
bNo maternal daily intake of vitamin/mineral supplement containing iodine.
cStatistical comparison of smokers and nonsmokers within the iodine suppleme
dStatistical comparison of smokers and nonsmokers within the no iodine supple
eIndependent sample t-test.
fMann–Whitney U test.
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used as a marker of iodine deficiency (27, 28, 29),
and we examined the impact of thiocyanate from
maternal smoking on the degree of iodine deficiency
in the mother and in the fetus by comparing serum
Tg in smoking and nonsmoking mothers and cord
serum Tg.
Materials and methods

Study design and study population

This is a cross-sectional study carried out from
November 1988 to March 1990 in five different cities
in Denmark (14, 24, 30, 31). As the time of study
enrollment was before the mandatory Danish iodine
fortification of salt introduced in the year 2000 (32), the
population had in general mild (East Denmark) to
moderate (West Denmark) iodine deficiency with the
majority of the women under study living in an area
of moderate iodine deficiency (78.6%). A total of 152
healthy pregnant women with no history of thyroid
disease, no visible goiter, and no recent exposure to
excess iodine and their newborn children were studied.
The pregnant women were consecutively recruited
when admitted for delivery after uncomplicated preg-
nancy in the Departments of Obstetrics in each of the
five cities (Copenhagen, nZ30; Aarhus, nZ30; Ring-
købing, nZ30; Randers nZ29; and Aalborg nZ33).
Six women were subsequently excluded from this study
due to intermittent intake of iodine supplements, and
another six women were excluded due to signs of a
change in smoking status before and after delivery, thus
leaving 140 pregnant women and their 140 newborn
Z47) No iodine supplementsb (nZ93)

P c
Smoking
(nZ34)

Nonsmoking
(nZ59) Pd

0.60e 27.6 26.7 0.32e

5.2 4.0

0.82f 1 1 0.29f

1–4 1–5

0.44e 40.1 40.0 0.63e

1.6 1.4

0.01e 3367 3574 0.04e

461 452

nt group.
ment group.
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children in the final study population. Informed consent
was obtained from each participant and the study was
approved by the Local Ethics Committee.
Data collection

When the pregnant women were admitted for delivery,
detailed information was obtained on intake of iodine-
containing vitamin and mineral supplements and the
women were instructed to continue their previous
vitamin and mineral supplementation during the
puerperal period. All women intended to breastfeed
their newborn child. Blood samples (nZ138) were
taken from the pregnant women by standard puncture
of a cubital vein shortly after admission for delivery.
Closure of the umbilical cord was performed within the
first minute after delivery, and mixed cord blood
(nZ133) was sampled from the placental part shortly
after. After sampling, blood was centrifuged and serum
was stored at K20 8C until analyses. One cord serum
sample had a limited amount of serum, which precluded
some of the analyses.

On day 5 after delivery, a breast milk sample (nZ136)
and a morning spot urine (nZ140) was collected from
Table 2 Thyroid function parameters and iodine status in mothers
thyroglobulin, urinary iodine, and milk iodine were log transformed for

Mothers

All (nZ140)
Smokinga

(nZ50)
Nonsmokinga

(nZ90)

TSHe (mU/l)
Mean 2.07 2.05 2.08
95% CI 1.89–2.26 1.77–2.37 1.86–2.33

T3
f (nm/l)

Mean 2.39 2.47 2.35
95% CI 2.32–2.47 2.34–2.60 2.25–2.45

T4
f (nm/l)

Mean 177 175 178
95% CI 176–183 166–184 171–186

Free T4
e (pmol/l)

Mean 8.35 8.01 8.53
95% CI 8.07–8.61 7.49–8.54 8.22–8.84

Thyroglobuling (mg/l)
Mean 22.9 30.4 19.5
95% CI 19.7–26.5 23.4–39.4 16.4–23.2

Urinary iodineh (mg/l)
Mean 40.6 40.1 40.8
95% CI 36.0–45.7 34.1–47.1 34.6–48.1

Milk iodinei (mg/l)
Mean 41.4 26.0 53.8
95% CI 35.8–47.8 20.7–32.6 45.5–63.5

NA, not applicable.
aMothers classified as smokers or nonsmokers from cotinine in serum and urin
bStatistical comparison of smoking and nonsmoking mothers (independent sam
cNewborns of smoking and nonsmoking mothers.
dStatistical comparison of newborns of smoking and nonsmoking mothers (inde
eMaternal serum samples (nZ138; smokers nZ49, nonsmokers nZ89). Cord s
fMaternal serum samples (nZ138; smokers nZ49, nonsmokers nZ89). Cord s
gMaternal serum samples (nZ137; smokers nZ49, nonsmokers nZ88). Cord s
hNewborn urine samples (nZ135; smoking mother nZ48, nonsmoking mother
iBreast milk samples (nZ136; smokers nZ49, nonsmokers nZ87).
the mother and a urine sample was collected in a small
self-adhesive plastic bag (Coloplast baby urine collector;
Coloplast, Espergærde, Denmark) from the newborn
child (nZ135). Urine samples were stored at K20 8C
until analyses.
Laboratory procedures

Classification of smokers was performed by measure-
ments of the nicotine metabolite cotinine in serum
(Immulite 2000 Nicotine Metabolite Assay; analytical
sensitivity 5 mg/l, cutoff to distinguish smokers 25 mg/l)
and urine (double antibody RIA Diagnostic Products
Cooperation; analytical sensitivity 9 mg/l, cutoff to
distinguish smokers 500 mg/l), as described previously
in detail (14). In participants, a clear separation of
smokers (nZ50) and nonsmokers (nZ90) was obtained
both when evaluated by cotinine in maternal serum
when admitted for delivery (median (range) smokers
164 (36–O600) vs nonsmokers !5 (!5–24) mg/l)
and in cord serum at delivery (164 (32–O600) vs !5
(!5–22) mg/l) as well as in urine from the mother on
day 5 postpartum (3480 (537–10 500) vs 53 (10–218)
mg/l). Differences between smokers and nonsmokers
and their newborns stratified by maternal smoking status. TSH,
calculation of geometric mean and 95% CI.

Newborns

Pb All (nZ140)
Smokingc

(nZ50)
Nonsmo-

kingc (nZ90) Pd

0.85 8.07 7.21 8.60 0.12
7.25–8.98 6.01–8.64 7.52–9.83

0.16 0.84 0.86 0.84 0.55
0.80–0.88 0.79–0.93 0.79–0.88

0.58 162 169 159 0.054
157–167 160–177 153–165

0.075 12.27 12.57 12.09 0.16
11.94–12.60 11.92–13.24 11.73–12.46

0.004 50.0 62.9 44.0 0.009
43.9–57.0 50.2–78.7 37.6–51.4

0.88 43.5 33.3 50.4 0.006
37.8–50.1 26.8–41.5 42.1–60.3

!0.001 NA NA NA

e.
ple t-test).

pendent sample t-test).
erum samples (nZ133; smoking mother nZ48, nonsmoking mother nZ85).
erum samples (nZ132; smoking mother nZ47, nonsmoking mother nZ85).
erum samples (nZ131; smoking mother nZ47, nonsmoking mother nZ84).
nZ87).
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Figure 1 Thyroglobulin (Tg) concentrations in maternal and cord
serum stratified by maternal smoking status and maternal intake of
iodine supplements (no maternal iodine supplements, Tg maternal
serum smoking 40.2 (95% CI 31.1–52.0) vs nonsmoking 24.4
(19.9–30.0) and cord serum 80.2 (63.0–102.1) vs 52.4 (43.5–63.1)
mg/l; maternal iodine supplements, Tg maternal serum smoking
17.0 (10.1–28.7) vs nonsmoking 12.6 (9.7–16.4) and cord serum
35.4 (24.4–51.4) vs 32.1 (24.8–41.7) mg/l). Log-transformed serum
Tg concentrations were used for calculation of geometric mean and
statistical comparison; P values are results of independent sample
t-test. Bars represent C1 S.E.M.
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Figure 2 Ratio between thyroglobulin (Tg) in cord serum and
maternal serum stratified by maternal smoking status and maternal
intake of iodine supplements (no maternal iodine supplements,
ratio Tg smoking 2.06 (95% CI 1.56–2.71) and nonsmoking 2.22
(1.76–2.80); maternal iodine supplements, ratio Tg smoking 2.26
(1.42–3.59) and nonsmoking 2.48 (1.82–3.40)). Log-transformed
ratios in individual pairs of mother and child were used for
calculation of geometric mean and statistical comparison; P values
are results of independent sample t-test. Bars represent C1 S.E.M.
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were substantiated by measurement of thiocyanate in
maternal and cord serum by a manual method (33).
Thiocyanate concentrations were considerably higher
in smokers than in nonsmokers (mean (S.D.), maternal
serum: smokers 84.9 (25.4) vs nonsmokers 54.7
(18.2); cord serum: smoking mother 94.6 (31.9) vs
nonsmoking mother 48.3 (15.5) mmol/l) (14). Iodine in
urine and breast milk was measured by the colorimetric
method of the Sandell–Kolthoff reaction after alkaline
ashing, as described previously (34).

Tg in maternal and cord serum was determined by an
immunoluminometric assay (Behringwerke, Marburg,
Germany; detection limit !1 mg/l), including recovery
measurements. Tg antibodies (Tg-Ab) were measured
by a very sensitive radioimmunoprecipitation assay
(detection limit 20 U/l; Medical Research Council
standard reference code A 65193), as described
previously (31, 35). Tg-Ab was detectable in six
maternal serum samples (4.4%) and 14 cord serum
samples (10.6%). Because Tg-Ab may influence Tg
measurements (36), serum samples with Tg-Ab values
more than 200 U/l (maternal serum nZ1, cord serum
nZ2) were excluded from serum Tg analyses. Tg-Ab
levels up to 200 U/l have previously been shown not to
interfere with serum Tg measurements using this
assay (37), and our results were consistent when
limiting the analyses to samples without detectable
Tg-Ab (data not shown). Thyroid function parameters
were measured in maternal and cord serum: TSH by an
immunoluminometric assay (Berilux, Behringwerke),
total thyroxine (T4) and total tri-iodothyronine (T3) by
an RIA (Farmos, Turko, Finland), and free T4 by a
www.eje-online.org
two-step method (RIA-gnost-FT4, Behringwerke), as
described previously (31).
Statistical analyses

Statistical analyses were performed using the Statisti-
cal Package for the Social Sciences (SPSS Statistics
version 19) and Stata 11 (StataCorp., College Station,
TX, USA). Concentrations of TSH, Tg, breast milk
iodine, and urinary iodine showed log-normal
distribution, and logarithmically transformed concen-
trations or ratios between concentrations were used
for calculating geometric means and making statisti-
cal comparisons. We used independent sample t-test
or Mann–Whitney U test when comparing either
mothers or newborns stratified by maternal smoking
and/or intake of iodine supplements, whereas Tg levels
in mother and child were compared using paired
t-tests. We also evaluated serum Tg in multivariate
linear regression models using logarithmically trans-
formed serum Tg concentrations and the ratio
between cord serum Tg and maternal serum Tg as
dependent variables and maternal smoking, maternal
intake of iodine supplements, and other variables
plausibly related to serum Tg as potential explaining
variables. We considered possible interaction between
maternal smoking and maternal intake of iodine
supplements by including an interaction term
(smoking x iodine supplement intake) in the models.
A 5% level of statistical significance was chosen.
Downloaded from Bioscientifica.com at 08/25/2022 07:36:50PM
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Results

Thyroid function and iodine status in the
mothers and their newborns

Smoking and nonsmoking mothers with and without a
daily intake of iodine-containing supplements had
similar age, parity, and gestational age whereas the
birth weight of the newborns was lower in children born
to smoking mothers (Table 1). The frequency of
maternal smoking in the iodine and no iodine
supplement groups was similar (no iodine supplements,
36.6% smokers; iodine supplements, 34.0% smokers)
and the frequency of intake of iodine supplements in
mothers was independent of maternal smoking status
(smoking mothers, 32.0% iodine supplements; non-
smoking mothers, 34.4% iodine supplements). All
iodine supplements contained 150 mg iodine/day.

Thyroid hormone levels in maternal serum collected
shortly before delivery and in cord serum collected at
delivery showed a similar pattern in smoking and
nonsmoking mothers as well as in their newborns
(Table 2). Urinary iodine was similar in smoking and
nonsmoking mothers (ratio smoking/nonsmoking
0.98, 95% CI 0.76–1.26), whereas in the breast-fed
newborns, urinary iodine was significantly lower in
newborns of smoking mothers (ratio smoking/non-
smoking 0.66, 95% CI 0.50–0.88). In addition, breast
milk iodine was reduced to approximately half in
smokers (ratio smoking/nonsmoking 0.48, 95% CI
0.37–0.64).
Tg in maternal and cord serum

Serum Tg showed different results depending on
maternal intake of iodine supplements and/or maternal
smoking status. Intake of iodine supplements in
mothers was associated with a lower Tg in maternal
serum (14.0 vs 29.3 mg/l if no iodine supplements,
P!0.001) and in cord serum (31.1 vs 61.6 mg/l,
P!0.001). Maternal smoking (Table 2) was associated
with considerably higher Tg in maternal serum (ratio
Table 3 Predictors of serum Tg in multivariate linear regression model
before analysis. Results are exponentiated b and 95% CI respectively

Dependent variables Explanatory variables

Maternal serum Tg Iodine supplementsb

Smokingc

Cord serum Tg Iodine supplementsb

Smokingc

Ratio Tg cord/maternal serum Iodine supplementsb

Smokingc

Tg, thyroglobulin.
aModels included maternal age (years), gestational age (weeks), parity, and area
Denmark with mild iodine deficiency.
bMaternal daily intake of iodine-containing supplements; yes/no (reference).
cMaternal smoking status classified from cotinine in serum and urine; smoker/n
smoking/nonsmoking 1.56, 95% CI 1.15–2.10) and in
cord serum (ratio smoking/nonsmoking 1.43, 95% CI
1.10–1.86).

However, the impact of maternal smoking on serum
Tg was most striking in the no iodine supplement group
when stratified by both maternal smoking and maternal
intake of iodine supplements (Fig. 1). In the no iodine
supplement group, smoking mothers had higher
serum Tg (ratio smoking/nonsmoking 1.64, 95% CI
1.18–2.29) and cord serum Tg in newborns of smoking
mothers was higher (ratio smoking/nonsmoking 1.53,
95% CI 1.14–2.06). In the group taking iodine
supplements, the difference in serum Tg between
smoking and nonsmoking mothers was statistically
nonsignificant (ratio smoking/nonsmoking 1.35, 95%
CI 0.82–2.23) and cord serum Tg was similar (ratio
smoking/nonsmoking 1.10, 95% CI 0.71–1.72).

In general, Tg was higher in cord serum (mean ratio
cord serum/maternal serum 2.24, 95% CI 1.94–2.58,
P!0.001). To evaluate the degree of iodine deficiency
in smoking mothers and their newborns, we
compared serum Tg ratios, cord serum relative to
maternal serum, in individual pairs of mother and
child (Fig. 2). The ratios were similar in smokers and
nonsmokers independent of maternal intake of iodine
supplements.

The associations between serum Tg in mother and
fetus, maternal intake of iodine supplements, and
maternal smoking status were also studied in multi-
variate linear regression models (Table 3), which
further included maternal age at delivery, gestational
age, parity, and area of living as a proxy variable for
iodine intake (West Denmark with moderate iodine
deficiency vs East Denmark with mild iodine
deficiency). The models corroborated our findings
in the stratified analyses. To evaluate possible
interaction between maternal intake of iodine supple-
ments and maternal smoking, we included an
interaction term (smoking!iodine supplement
intake), which was not statistically significant in
any of the models (PO0.1).
s. Serum Tg and ratio Tg cord/maternal serum were log transformed
.

Multivariatea b (95% CI)

0.48 (0.36–0.64)
1.52 (1.15–2.00)
0.57 (0.44–0.73)
1.38 (1.08–1.77)
1.16 (0.85–1.57)
0.93 (0.69–1.26)

of living: West Denmark with moderate iodine deficiency (reference) vs East

onsmoker (reference).
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Discussion

Study rationale and principal findings

Iodide autoregulation of NIS in the thyroid gland is well
known (12), whereas in the lactating mammary gland,
no autoregulation of NIS seems to occur (14). To
evaluate autoregulation of placental iodide transport,
we used Tg in maternal and cord serum at delivery as
markers of iodine deficiency in the mother and the fetus
respectively (27, 28, 29).

Thiocyanate inhibits NIS-mediated iodide transport
in cultured placental cells (11). In contrast to inhibition
of NIS in the thyroid, which affects iodide uptake in both
the maternal and the fetal thyroid, impaired placental
iodide transport would affect the iodide supply to the
fetus exclusively. We assumed that thiocyanate would
inhibit NIS and possibly other transporters involved in
placental iodide transport, and we hypothesized the
following scenarios: if no autoregulation of iodide
transport takes place in the placenta, thiocyanate
from maternal smoking would lead to a particular
worsening of fetal iodine deficiency with a relatively
higher increase in cord serum Tg. On the other hand, if
there is autoregulation of placental iodide transport, we
would observe the same degree of smoking-induced Tg
changes in the mother and the fetus.

Tg was higher in cord serum than in maternal serum,
which is a normal finding not related to iodine
deficiency (38). Tg in maternal and cord serum
increased to a similar degree as indicated by similar
ratios between cord serum and maternal serum Tg in
smoking and nonsmoking mothers and in accordance
with the identical levels of thiocyanate in maternal and
cord serum. Thus, placental iodide transport seemed
unaffected in smoking mothers, suggesting autoregula-
tion of placental iodide transport similar to autoregula-
tion of NIS in the thyroid gland. Thyroid function was
not affected by maternal smoking, neither in the mother
nor in the fetus, but maternal smoking led to high
serum Tg in both, which is consistent with autoregula-
tion of NIS in the thyroid.

On the other hand, the data collected on day 5
postpartum were related to iodide transport in the
lactating mammary gland and not in the placenta. As
previously published (14), breast milk iodine content and
urinary iodine in the newborns on day 5 postpartumwere
low if the mother was a smoker, corresponding to lack
of NIS autoregulation in the lactating mammary gland.
Previous studies

Studies of placental tissue samples have demonstrated
that placenta contains iodine (4, 5, 6), and in vitro cell
culture studies have suggested a functional role of NIS
(10, 11) and SMVT (19) in placental iodide transport.
In addition, the chloride–iodide transporter pendrin has
been proposed to play a role (11).
www.eje-online.org
Autoregulation of placental NIS in iodine-deficient
rats was found by Schrøder van der Elst et al. (39), and
Li et al. (40) demonstrated in the BeWo (human
trophoblast) cell line that iodide suppressed NIS
expression with a decrease in iodide uptake. They
suggested that iodide inhibition of NIS expression might
be through inhibition of human chorionic gonado-
trophin (hCG) action on NIS expression (40). Thus, our
results are consistent with previous findings of simi-
larities between the iodide autoregulation of NIS in the
thyroid and in the placenta.

Unlike iodide autoregulation, NIS in the placenta and
in the thyroid may be regulated differently by other
mechanisms. For example, TSH enhances NIS
expression in the thyroid (12) whereas hCG enhances
NIS expression in the placenta (10). Also, the paired-box
transcription factor PAX8 may affect thyroidal and
placental NIS differently (41), and recently, a regulatory
role of placental O2 concentrations on NIS expression in
placenta has been investigated (42). In addition, the
functional role of pendrin in iodide transport might
differ between the placenta and the thyroid (7).

Another transporter present in the placenta and
involved in iodide transport is the SMVT. SMVT
mediates the uptake of the micronutrients pantothe-
nate, biotin, and lipoate in placental cells (43), and in
SMVT-expressing oocytes, this transport was inhibited
by iodide (19). Moreover, SMVT-mediated sodium-
dependent iodide transport was demonstrated. Notably,
the transport was insensitive to perchlorate (CIO4

K),
which is a known competitive NIS inhibitor (12), but
the effect of thiocyanate was not investigated (19).

Burns et al. (5, 6) recently reported results indicating
that placenta is not only involved in transport but also
stores iodine and they suggested that this storage may
protect against fetal iodine deficiency. It is unknown
whether maternal smoking affects placental iodine
content.
Strengths and limitations

This study is to our knowledge the first study evaluating
autoregulation of placental iodide transport in a clinical
setting. The number of pregnant women studied in the
stratified analyses was rather low, but at the time of
enrollment, the frequency of smoking among pregnant
women in Denmark was much higher than today (44),
making it very difficult to repeat the study. Also, as the
study was conducted before the mandatory iodine
fortification of salt in Denmark (32), the pregnant
women suffered from mild-to-moderate iodine defici-
ency, which makes iodide transport by NIS or other
placental iodide transporters more sensitive to the
competitive inhibition by thiocyanate.

Thiocyanate crosses placenta as indicated by similar
serum thiocyanate levels in maternal and cord serum
(14). Thus, it seems unlikely that our results would be
explained by lack of thiocyanate access to placental
Downloaded from Bioscientifica.com at 08/25/2022 07:36:50PM
via free access



Thiocyanate and placental iodide transport 729EUROPEAN JOURNAL OF ENDOCRINOLOGY (2013) 168
iodide transporters. It has been demonstrated that
thiocyanate inhibits NIS-mediated iodide transport in
cultured placental cells (11) and structural similarities
between NIS and SMVT exist (12); however, it cannot
be excluded that placental iodide transport is primarily
mediated by transporters and/or mechanisms not
affected by thiocyanate. On the other hand, in vivo
findings in rats (39) and in vitro findings in placental
cultured cells of iodide-dependent regulation of
NIS expression in the placenta (40) are consistent
with our findings. Further studies are needed to
clarify exact roles of different transporters in placental
iodide transport.

We found higher serum Tg in smoking mothers and
their newborns compared with the nonsmoking groups,
but the effect of smoking was only significant in the
group without maternal intake of iodine supplements.
This observation is consistent with the biochemical
characteristics of competitive inhibition; its effect is
reduced by higher substrate concentration (45), in this
case iodide.

Tg in maternal serum collected at the time of
admission for delivery and in cord serum collected at
delivery was used as a marker of iodine deficiency in
mother and fetus respectively. Serum Tg was previously
shown to be a sensitive marker of iodine deficiency in
the general population (28, 29) and in pregnancy (27).
Tg is a thyroid-specific protein but is also released
from the thyroid gland due to other stimuli than iodine
deficiency. However, none of the participants suffered
from thyroid disease.
Conclusion

In a cohort of iodine-deficient pregnant women,
maternal smoking increased serum Tg in both mother
and fetus as a sign of aggravating iodine deficiency.
However, the degree of iodine deficiency varied in
parallel between smoking mother and fetus with no
signs of a particular worsening in the fetus. The results
therefore suggest autoregulation of placental iodide
transport similar to the thyroid but in contrast to the
lactating mammary gland, which further substantiates
that iodide transporters might display tissue-specific
autoregulation and inhibitory profiles. Moreover, it may
indicate that iodide transporters other than NIS,
insensitive to thiocyanate inhibition, are active in the
human placental iodide transport.
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