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Maternal Hypothyroidism and Its Role
in the Placenta: A Morphometric and

Immunohistochemical Study

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  The aim of this study was to in ves ti ga te the struc tu re and mec ha nism of
apop to sis in pla cen tas with ma ter nal hypoth yro i dism. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  Se ven nor mal and eight
hypoth yro i dic mot hers we re se lec ted. Tis su es we re pre pa red for his toc he mistry, im mu no his toc he -
mistry and TU NEL as say for de tec ti on of apop to sis and struc tu ral chan ges. RRee  ssuullttss:: In cre a sed TU NEL-
po si ti ve sta i ning in the cytot rop hob last, syncyti ot rop hob last and me sench ymal cells was shown in
the pla cen tas of the hypoth yro id gro up in com pa ri son to the con trol gro up. In the con trol gro up, po s-
i ti ve im mu nos ta i ning for Cas pa se-3 was mo de ra te in the syncyti ot rop hob last cells, whi le it was mild
in the cytot rop hob last cells and it was ne ga ti ve in the me sench ymal cells. Im mu nos ta i ning for Bcl-
2 was mo de ra te in the syncyti ot rop hob last, cytot rop hob last and me sench ymal cells. Bax im mu nos -
ta i ning was ne ga ti ve in the cytot rop hob last and me sench ymal cells, whi le im mu nos ta i ning was mild
in the syncyti ot rop hob last. In the hypoth yro id gro up, Cas pa se-3 im mu nos ta i ning was strong in the
syncyti ot rop hob last, cytot rop hob last and me sench ymal cells, whe re as Bcl-2 im mu nos ta i ning was
ab sent in the cytot rop hob lasts, and mild in the syncyti ot rop hob lasts and me sench ymal cells. Bax
im mu nos ta i ning was mo de ra te in the syncyti ot rop hob lasts and cytot rop hob lasts, ho we ver it was
mild in the me sench ymal cells. The me an num ber of syncyti al knots was sig ni fi cantly lo wer in the
con trol gro up than the hypoth yro id gro up (p< 0.05). Me an thick ness of me di um si ze blo od ves sels
was sig ni fi cantly lo wer in the hypoth yro id gro up than the con trol gro up (p< 0.05). Me an are a of
stro mal fib ro sis de mons tra ted in the hypoth yro id gro up was hig her than the con trol gro up (p< 0.05).
CCoonncc  lluu  ssii  oonn::  We conc lu de that sig ni fi cant his to lo gi cal chan ges oc cur in the pla cen tas of hypoth yro -
id mot hers with as so ci a ted high in ci den ce of apop to tic mar ker res pon se.

KKeeyy  WWoorrddss::  Hypothyroidism; apoptosis; placenta; histology 

ÖÖZZEETT  AAmmaaçç::  Bu ça lış ma nın ama cı, ma ter nal hi po ti ro i di zim li pla sen ta la rın ya pı sı nı ve apop to zi sin
me ka niz ma sı nı araş tır mak tır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Bu amaç la ye di nor mal ve se kiz hi po ti ro i dik an -
ne se çil di. Do ku lar apop to zi si ve ya pı sal de ği şik lik le ri araş tır mak üze re his to kim ya, im mü no his to -
kim ya ve TU NEL işa ret le me için ha zır lan dı.  BBuull  gguu  llaarr:: Hi po ti ro i dik grup pla sen ta lar kon trol gru bu
pla sen ta lar ile kar şı laş tı rıl dı ğın da TU NEL po zi tif si tot ro fob last, sin sit yot ro fob last ve me zen şi mal
hüc re sa yı sı nın art tı ğı be lir len di. Kon trol gru bu na ait pla sen ta lar da, Kas paz-3 işa ret le me de sin sit -
yot ro fob last lar da or ta, si tot ro fob last lar da za yıf, me zen şi mal hüc re ler de ne ga tif im mün bo yan ma
göz len di. Bcl-2 işa ret le me de si tot ro fob last, sin sit yot ro fob last ve me zen şi mal hüc re ler de or ta, Bax
işa ret le me de ise sin sit yot ro fob last lar da za yıf, si tot ro fob last ve me zen şi mal hüc re ler de ne ga tif im -
mün bo yan ma göz len di. Hi po ti ro i dik grup ta, Kas paz-3 ile si tot ro fob last, sin sit yot ro fob last ve me zen -
şi mal hüc re ler kuv vet li tu tu lum gös te rir ken Bcl-2 ile işa ret le me de si tot ro fob last lar da ne ga tif,
sin sit yot ro fob last ve me zen şi mal hüc re ler de za yıf tu tu lum iz len di. Bax im mun işa ret le me de ise si -
tot ro fob last ve sin sit yot ro fob last lar da or ta, me zen şi mal hüc re ler de za yıf tu tu lum iz len di. Sin sit yal
to mur cuk la rın or ta la ma sa yı sı nor mal pla sen ta lar da an lam lı ola rak dü şük tü (p<0.05). Hi po ti ro i dik
grup ta or ta bü yük lük te ki da mar du va rı or ta la ma ka lın lı ğı nor mal grup pla sen ta lar la kar şı laş tı rıl dı -
ğın da an lam lı ola rak dü şük tü (p< 0.05). Hi po ti ro i dik grup ta kon trol gru bu na gö re stro mal fib ro zis
art mış tı.(p< 0.05). SSoo  nnuuçç:: Apo pi to tik mar kır la ra olan ya nı tın yük sek ol ma sı na bağ lı ola rak hi po ti -
ro i dik an ne le rin pla sen ta la rın da an lam lı his to lo jik de ği şik lik ler göz len mek te dir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Hipotiroidizm; apopitozis; plasenta; histoloji  
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he human placenta performs numerous
functions during its limited lifespan, and its
survival is a necessary prerequisite for fetal

nutrition, even in unfavorable conditions. Placenta,
not only supplies nutrients and oxygen to the fetus
and removes waste products, but also functions as
an endocrine organ throughout the pregnancy. It
is a rapidly developing organ characterized by dif-
ferent types of villi formed throughout gestation.1,2

The placenta accumulates and metabolizes mater-
nal thyroxine (T4) and triiodothyronine (T3), and
these maternal thyroid hormones may regulate
fetal development via effects on the placenta.3

Thyroid disease in pregnancy results in condi-
tions that affect both the mother and the fetus with
potential important subsequent consequences for
child development.4 Hypothyroidism is tradition-
ally defined as deficient thyroidal production of
thyroid hormone. Hypothyroidism, usually evident
as subclinical hypothyroidism, occurs in around
2.5% of otherwise normal pregnancies and, al-
though relatively asymptomatic, is associated with
pre-term delivery as well as an increased incidence
of abortion, obstetric complications, fetal abnor-
malities, pre-eclampsia,  low birth weight,  and
fetal death, if untreated.5-7 This is of importance be-
cause the spectrum of thyroid deficiency begins
with subclinical hypothyroidism characterized by
elevated serum thyrotropin (thyroid-stimulating
hormone, TSH) concentration in the presence of a
normal serum free thyroxine level.8,9 Maternal hy-
pothyroidism during pregnancy disturbs rat and
human fetal brain development resulting in neuro-
logical deficits in offspring.10-12 Recently, Haddow
et al. reported that untreated hypothyroidism dur-
ing pregnancy may cause a significant decrease in
the IQ of children.13

Programmed cell death or apoptosis is a fun-
damental biological phenomenon that occurs
under a wide variety of physiological and patho-
logical situations. The process of apoptosis was de-
scribed by Kerr et al.14 Apoptosis is characterized
by chromatin condensation, membrane blebbing,
nuclear breakdown and formation of apoptotic
bodies.15 Recently, several studies have indicated
that apoptosis plays a role in the normal develop-

ment, remodeling, and aging of the placenta.16-

20Apoptosis and proteins associated with the regu-
latory pathway of cell death have been studied in
the villous and extravillous trophoblasts of the
human placenta, in both normal and complicated
pregnancies. The anti-apoptotic bcl-2 protein and
pro-apoptatic bax protein play key roles in apopto-
sis. Caspase-3 is involved in the development of
apoptotic cell death.21-26An abnormal level of apop-
tosis has also been correlated with a large variety
of gestational pathologies such as in the placentas of
abortions, ectopic pregnancy, intrauterine growth
retardation, post-term pregnancy, pre-eclampsia
and maternal hypertension syndrome.17,27-29 Apop-
tosis has occasionally been observed in histological
sections of normal thyroid.30 However, apoptotic
cell death is abnormally accelerated during the
pathological phases leading to clinical hypothy-
roidism.31

The aim of this study was to demonstrate the
structure of placenta histologically in normal preg-
nancy and maternal hypothyroidism, and to ad-
dress the mechanism of apoptosis with
immunohistochemistry and TUNEL (Terminal de-
oxynucleotidyl transferase mediated dUTP nick
end labeling) assay.

MATERIAL AND METHODS
In this study, tissue samples  were taken from
archives and identitity of patients were hidden. In
prospective studies that are not drug or experi-
mental studies, Dokuz Eylül University ethics com-
mitee approval is not needed, as in our study. Seven
mothers with uncomplicated normal pregnancies
and eight mothers with hypothyroidism aged be-
tween 26-40 years were selected from patients ad-
mitted to Dokuz Eylül University Hospital. All
placentas were obtained after delivery at term and
were sent to the Department of Pathology for his-
tological examination.

Specimens were fixed in 10% formalin solu-
tion at room temperature for 24-48 hours and then
a routine parafin procedure was performed. Sec-
tions (5 mm thick) were cut and prepared for both
histochemical and indirect immunohistochemical
stainings. Masson’s trichrome stain was applied for
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morphometric examinations.The slides were ex-
amined under a light microscope (Olympus BH-2,
Tokyo, Japan) and the findings in both groups were
compared.

IMMUNOHISTOCHEMICAL ASSESSMENT

For immunohistochemical evaluation, the avidin–
biotin peroxidase system was used. For the im-
munohistochemistry procedure, Caspase-3, and
Bcl-2 and Bax were employed. 5 µm thick sections
were cut by microtome and were incubated at 60˚C
overnight then dewaxed in xylene for 30 min. After
rehydrating through a decreasing series of ethanol,
sections were washed in distilled water for 10 min.
They were then treated with 10 mM citrate buffer
(AP-9003125, Labvision, Fremont, CA) at 95˚C for
five minutes to unmask antigens by heat treatment.
Slides were cooled in buffer for 20 minutes. Then
slides were washed in deionized water three times
for two minutes. Sections were delineated using a
Dako pen (S2002, Dako, Glostrup, Denmark) and in-
cubated in a solution of 3% H2O2 for 15 min to in-
hibit endogenous peroxidase activity.They were
then incubated with normal serum blocking solu-
tion for 30 minutes. Sections were then incubated
in a humid chamber overnight at 4˚C with anti-
bodies to: Caspase-3 (MS-1121, Neomarkers, Fre-
mont CA)(1/100, Mouse Monoclonal), Bcl-2
(MS-123, Neomarkers, Fremont CA) (1/100, Mouse
Monoclonal) and Bax (MS-711, Neomarkers, Fre-
mont CA) (1/100, Mouse Monoclonal). After this,
they were washed three times for 5 min each with
PBS, followed by incubation with biotinylated IgG
and then with streptavidin-peroxidase conjugate
(859042, Zymed, Fremont, CA). After washing,
three times for 5 min with PBS, sections were incu-
bated with DAB substrate containing diaminoben-
zidine (002020, Zymed, Fremont, CA) for 5 min to
detect immunoreactivity and then with Mayer’s
hematoxylin. Sections were covered with mounting
medium and were analyzed on a bright-field light
microscope (Model BH-2, Olympus, Tokyo, Japan).
Control samples were processed in an identical
manner, just lacking the primary antibody step.

All sections were scored in a semi-quantitative
fashion which took into consideration both the in-

tensity and percentage of cells staining at each in-
tensity. For each slide, a minimum of 5 fields was
examined and assigned for severity of changes
using scores of none (-), mild (+), moderate (++),
and strong (+++).32-34 For quantitative measurement
of scoring of areas were randomly selected in these
different areas and they were calculated. To main-
tain consistency of scoring, each section was graded
by two person blind to treatments and the average
was taken.

DETECTION OF THE APOPTOTIC CELL DEATH
IN SITU USING THE TUNEL METHOD

TUNEL staining was mainly used for the identifi-
cation or confirmation of apoptosis within the cells
of the placenta. Apoptotic cell death was evaluated
by in situ TUNEL kit (Cat. No:11 684 817 910
Roche, Germany) used for apoptotic cell detection.
Briefly, serial 5μm thick paraffin-embedded sec-
tions were deparaffinized, rehydrated in graded al-
cohol, and microwave-pretreated in trypsin
solution at 37°C for 10 min (Roche, 10 109 819
001). After washing in phosphate-buffered saline
(PBS), the specimens were incubated with fluores-
cein-labeled deoxy-UTP and TdT at 37°C for
60 min. Then, converter POD solution was applied
to the slides.  Sections were stained with DAB,
counterstained with hematoxylin and mounted
with Entellan. The percentage of TUNEL-positive
cells was determined by counting the positive cells
from 10 random fields in each group. The apoptotic
index was defined as the number of apoptotic
TUNEL-positive cells of placenta.

MEASUREMENT OF STROMAL FIBROSIS, MEAN
THICKNESS OF BLOOD VESSELS AND NUMBER
OF SYNCYTIAL KNOTS

All sections were stained with hematoxylin and
eosin for mean thickness of blood vessels and the
number of syncytial knots. Masson’s trichrome stain
was used for stromal fibrosis. The images were taken
randomly for evaluating the thickness of blood ves-
sels, the number of syncytial knots and stromal fi-
brosis. The images were taken by using a computer
assisted video camera (JVC TK-890E, Japan) attached
to a microscope (Olympus BH-2 Tokyo, Japan). The
digital images were processed by an IBM-compatible
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personal computer with an image analysis computer
software (UTHSCA Image Tool for Windows ver-
sion 3.0 software). In the digital images, the count-
ing frame was placed randomly five times by the
image analyzer computer program and the number
of areas were counted and the average was taken.
Mean thickness of blood vessels and the number of
syncytial knots were calculated by UTHSCA Image
Tool. In the counting process of the number of syn-
cytial knots, 262417,5 µm2 digital area owning
counting frame was used. Measurements of stromal
fibrosis areas were also determined using another
digital image analysis software: Reconstruct version
1.0.8.2 (1996-2006 John C Fiala). 

Statistical Analysis 

All values were expressed as the mean ± standard
deviation. The Mann–Whitney U-test was used to
compare staining intensity values between groups
(P< 0.05). All statistical procedures were performed
by SPSS software for Windows, Version 11.0 (SPSS,
Chicago, IL, USA).  A value of P< 0.05 was consid-
ered significant.

RESULTS
Table 1 summarizes the clinical characteristics and
statistical analysis of the patients. There were no
significant differences for placental weight, mater-
nal age and gestational age between the two
groups. Immunohistochemical analyses of the Cas-

pase-3, Bcl-2 and Bax in the human placenta are
shown in Table 2.

Positive immunostaining for Caspase-3 there
was moderately in the syncytiotrophoblast cells
while it was mild in cytotrophoblast cells of the
control group (Figure 1). However, mesenchymal
cells were not stained for Caspase-3 in the control
group. Caspase-3 immunostaining was strong in the
syncytiotrophoblast, cytotrophoblast and mes-
enchymal cells in the hypothyroid group (Table 2)
(Figure 1).

Immunostaining of Bcl-2 was moderate in the
syncytiotrophoblast, cytotrophoblast and mes-
enchymal cells in the control group (Table 2) (Fig-
ure 2). In the hypothyroid group, Bcl-2
immunostaining was negative in the cytotro-
phoblast cells, mild in syncytiotrophoblast cells and
focal and mild in the mesenchymal cells (Table 2)
(Figure 2).

In the control group, Bax immunostaining was
negative in the cytotrophoblast and mesenchymal
cells, while immunostaining was mild in the syn-
cytiotrophoblast cells (Table 2; Figure 3). In the hy-
pothyroid group, Bax immunostaining was
moderate in the syncytiotrophoblast and cytotro-
phoblasts; while it was mild in the mesenchymal
cells (Table 2; Figure 3). 

The difference between the mean number of
syncytial knot formations was significant between

Control group Hypothyroid group Statistical significance (p< 0.05)
Mean placental weight 581.4 ± 75.0 587.5 ± 105.0 Not  significant

Mean maternal age 30.8 ± 1.8 31.0 ± 6.0 Not  significant

Mean gestational age/day 249.7 ± 11.6 259.5 ± 15.0 Not  significant

TABLE 1: Statistical analysis of clinical characteristics.

Data are shown as means and standard deviations.

Control Group Hypothyroid Group
Cytotrophoblast Syncytiotrophoblast Mesenchymal Cytotrophoblast Syncytiotrophoblast Mesenchymal 

Cell Cell Cell Cell Cell Cell
Bcl-2 ++ ++ ++ - + +/-

Bax - + - ++ ++ +

Caspase-3 + ++ - +++ +++ +++

TABLE 2: Distribution of Bcl-2, Bax, Caspase-3 and TUNEL in placenta.

The intensity of immunostaining was graded as +++: Strong staining; ++: moderate staining; +:mild staining; -:none.
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the groups (p< 0.05). Syncytial knots were signifi-
cantly lower in the control group than in the hy-
pothyroid group (Table 3). Mean thickness of
medium size blood vessels was significantly lower
in the hypothyroid group than in the control group
(p< 0.05) (Table 3). Mean areas of stromal fibrosis in
the hypothyroid group were higher than in the
control group (p< 0.05) (Table 3; Figure 4).

The number of TUNEL positive cells in the hy-
pothyroidic placentas were statistical significantly
more than those in the control group (Figure 5).

DISCUSSION
The fetus provides its own hormonal needs from
the mother until its endocrine organs develope and
function. One group of these hormones are the

hormones of the thyroid gland. There are several
studies which show that the isoform of human
chorionic gonadotropin (HCG) displays a thy-
rotropic activity in the first trimester.35,36 It is
known that thyroid gland hormones in humans are
important in the development of the central nerv-

FIGURE 1: Immunohistochemical staining of Caspase-3 antigen in sections
of placenta (A) Control group placenta (B) Hypothyroid group placenta. Cas-
pase-3 positive immunostaining are seen(arrow) The scale bar in figure (A,
B) represent, 100 µm. 

FIGURE 2: Immunohistochemical staining of Bcl-2 antigen in sections of pla-
centa (A) Control group placenta (B) Hypothyroid group placenta. The scale
bar in figure (A, B) represents 200 µm. 

FIGURE 3: Immunohistochemical staining of Bax antigen in sections of  pla-
centa (A) Control group placenta (B) Hypothyroid group placenta. Bax posi-
tive immunostaining are seen(arrow).  The scale bar in figure (A, B) represent,
100 µm. 

Control group Hypothyroid group Statistical significant  
Mean ± SD Median Mean ± SD Median p< 0.05

Mean number of syncytial knot formation (*) 3.6 ± 1.0 3.0 8.8 ± 1.7 8.8 Significant (p= 0.010)

Mean number of areas of stromal fibrosis

(Masson trichrome stain)(µm2) 167540 ± 88018 139302.6 234432 ± 61731 220501.6 Significant (p= 0.016)

Mean thickness of  blood vessels (µm) 50.2±18.1 41.6 19.8±2.4 20.9 Significant (p= 0.020)

TABLE 3: Mean number of syncytial knot formation, stromal fibrosis and thickness of blood vessels.

Data were shown as means and standard deviations.
* In the counting process of the number of syncytial knots, 262417,5 µm2 digital area owning counting frame was used.

FIGURE 4: TUNEL Staining in sections of placenta. (A) Control group pla-
centa (B) Hypothyroid group placenta. TUNEL positive cells are seen (arrow).
The scale bar in figure (A,B)represents,50µm.  

FIGURE 5: Masson Trichrom Staining in sections of placenta. (A) Control
group placenta (B) Hypothyroid group placenta. Stromal fibrosis areas are
seen. The scale bar in figure (A, B) represent, 200 µm. 
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ous system and essential for the normal develop-
ment of many tissues. Therefore, the existence of
fetal tissues and deiionidase, and levels of maternal
plasma thyroid hormones within normal limits are
essential for the healthy development of the
fetus.7,37-39 The clinical symptoms of the maternal
hypothyroidism and insufficient secretion of ma-
ternal thyroid hormone cause problems in fetal de-
velopment. There is increased risk of spontaneous
abortion, or a decline in cognitive function in the
babies who reach term, as seen in retardation in
neurophysiological and psychomotor development,
often with insufficiency in speaking and hear-
ing.40,41

Although, there were no significant differ-
ences in placental weight, maternal age and gesta-
tional age between the two groups; the stromal and
villous histopathological changes in the placenta
like stromal fibrosis, medial coat proliferation of
medium sized blood vessels and hyalinized areas
were significant in the hyopthyroid group be the
cause or effect of hypothyroidism. These findings
correlate with findings of others who investigated
apoptosis in growth retardation as a consequence
of complicated pregnancies.42-44

As, in hypertensive mothers’ placentas, the
hypothyroid placentas also show a significant in-
crease in syncytial knot formation. A significant in-
crease in the syncytial knot formation in the
placental villi may indicate a disturbance in the
hormonal factors which may probably lead to al-
tered morphology of the placenta resulting in preg-
nancy induced maternal hypothyroidism. These
findings correlate with findings of others.44,45

Apoptosis is a programmed cell death in phys-
iological and pathological conditions.13 Recent
studies have described apoptosis in both types of
trophoblasts and have shown the importance of an
apoptotic cascade for normal trophoblast func-
tion.46

Proteins related to regulatory pathways of
apoptosis and cell death have been proposed in vil-
lous and extravillous trophoblasts of normal and
complicated pregnancies.18

Abnormal apoptosis has been shown to be re-
lated to numerous gestational pathologies such as:
placental abortus, ectopic pregnancy, intrauterine
growth retardation, post-term pregnancy, pre-
eclampsia and maternal hypertension syndrome.47

Moderate staining was observed after TUNEL
staining in cytotrophoblast, syncytiotrophoblast
and mesenchymal cells in term placentas of the
control group where as strong staining was ob-
served in all three cell types in hypothyroid pla-
centa. These findings were consistent with other
reports on placental apoptosis in growth retarda-
tion.16, 48

There were morphometric changes in placen-
tas of hypothyroid mothers; The response to apop-
totic and anti-apoptotic markers for Caspase 3 in
cytotrophoblast cells was shown to be mild, syncy-
tiotrophoblasts had moderate and mesenchymal
cells had negative reaction in the control group. In
the hypothyroid group, all three cell types showed
a strong response. 

Application of bcl-2 showed a moderate re-
sponse in all three cell types in the control group,
however there was negative response in cytotro-
phoblasts, mild response in syncytiotrophoblasts
and mild focal response in mesenchymal cells in
hypothyroidic placentas. These findings agreed
with those of Aban et al. who researched compli-
cated pregnancies.26

Bax immunoreactivity was negative in cy-
totrophoblasts and mesenchymal cells and was
mild in syncytiotrophoblasts in the control group;
whereas moderate response was observed cyto-
totrophoblasts and syncytiotrophoblasts and mild
response in mesenchymal cells in hypothyroid pla-
centas. These findings correlate with findings of
Cobellis et al. who investigated apoptosis in growth
retardation as a consequence of pre-eclampsia.49 

In spite of the histopathological and apoptotic
symptoms, the restriction of intrauterine growth is
not observed and normal birth might occur. This
may result from sufficient thyrotropic activity by
HCG in the first trimester. According to the level of
the insufficiency of the activity of HCG, there
might be aberrations such as deficiency in neuro-
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physiologic and psychomotor development, insuf-
ficiency in speech and hearing and decrease in cog-
nitive functions clinically. 

In conclusion, we believe that serious perma-

nent fetal growth retardation might occur in cases
of maternal hypothyroidism with high incidence
of apoptotic marker response and histopathologi-
cal aberrations in the placenta. 
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