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Abstract

Thyroid hormones seemingly influence the maturation of the human oocyte.
Thyroid hormone receptors have been isolated in granulosa mural and cumulus
cells and the mature oocyte of the human ovarian follicle. Thyroid hormones
are present in follicular fluid in concentrations similar to those in serum. Most
importantly, enzymes involved in the chain that regulate the generation of
thyroid hormones have been found in granulosa cells. For the first time we have
isolated thyroid peroxidase by immunocytochemistry in the granulosa cumulus
cells of the human ovarian follicle, thereby supporting the hypothesis that the
human ovarian follicle may be an independent thyroid-hormone producing unit.
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Introduction

Thyroid hormones support nearly every body system and in
humans they guarantee normal development of the brain, skeleton,
and organs. It seems that this important role is exerted ever since
the first stages of life, even before the conceptus can produce its own
thyroid hormones. Studies on humans have reported the presence
of thyroid hormones, Thyroxine (T4) and Triiodothyronine (T3)
in the fluid of ovulatory follicles, with levels within the normal
range for serum [1,2]. TSH was found in human follicular fluid, in
concentrations similar to, or above, that in serum, has been reported
[3] and oocytes, granulosa cells, surface epithelial cells and stromal
cells of healthy human ovaries have been found to express TSH
receptor [4].

Luteinized granulosa cells from healthy young women have been
found positive for alpha-1 and beta-1 Thyroid hormone Receptors
(TR) [1]. RT-PCR amplification has shown that human mature
oocytes and granulosa mural and cumulus cells express TRal and
TRP1, TRB2 [5]. More recent studies confirmed the presence of
thyroid hormone receptors in human ovarian surface epithelium
[6]. Aghajanova and colleagues [4] performed a more detailed study
showing that TRal, TRa2 and TRPI proteins are not expressed in
granulosa cells of primordial and primary follicles, while antral follicle
granulosa cells express low amounts of TRal and moderate amounts
of TRP1 and granulosa cells of secondary follicles express TRp1.
This suggests a very fine regulation of thyroid hormone responsivity
in various stages of follicle maturation. Positive faint-to-moderate
immunostaining was found for TRal and TRB1 proteins in human
oocytes [4]. These findings together allow to hypothesize that T3 may
influence oocyte maturation by acting directly upon the oocyte itself
or by influencing granulosa cell activity.

Ovarian granulosa cells may not only be programmed to respond
to thyroid hormones, however. Rae and colleagues found that human
ovarian surface epithelium expresses enzymes that generate T3 from
T4 and that inactivate T3 to reverse T3 in thyroid hormone target
tissues [6]. Deiodinase type 2 and deiodinase type 3 enzymes are

expressed in luteinized human granulosa cells [4], giving these cells
the ability to regulate the conversion of T4 to either T3 or reverse T3,
locally controlling thyroid hormone activity [4].

Aim of the study

Thyroid peroxidase is important for the incorporation of iodine
into thyroglobulin to produce thyroid hormone and its expression is
upregulated by TSH, to which granulosa cells are sensitive. Because
it is becoming increasingly clear that thyroid hormones not only act
upon components of the ovarian follicle but may be produced inside
this unit, the aim of the present study was to test whether thyroid
peroxidase is present in human granulosa cells of the cumulus
oophorus.

Materials and Methods

Human cumulus granulosa cells were collected after denudation
of human oocytes obtained by follicular aspiration in three
patients undergoing in vitro fertilization at the Department of
Reproductive Medicine and Child Development of the University
of Pisa. The cells were collected in formalin and delivered to the
Department of Pathology of the University of Pisa. Cytological
sections were stained with hematoxylin and eosin for cytological
examination. Immunocytochemistry was performed on formalin
fixed, paraffin-embedded cells, using previously validated protocols
for the antibody. Cell sections were deparaffinized in xylene and
rehydrated in a graded ethanol series. Slides were stained using a
diaminobenzidine detection system preceded, only for anti-TPO, by
heat-induced epitope retrieval involving immersion of cells in a pre-
warmed buffer solution (Target Retrieval Solution, DakoCytomation,
Carpinteria, CA) and maintaining heat in a steamer at 988°C for
50 min. To reduce nonspecific staining caused by endogenous biotin,
the Endogenous Biotin Blocking Kit (Ventana Medical Systems, SA,
Illkirch, Cedex, France) was employed, according to Manufacturer’s
instructions. Anti-TPO immunostaining was performed using
monoclonal antibodies by Abcam (1:100 dilution). Negative controls
were obtained by omission of the primary antibodies.
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Figures 1,2,3: Human granulosa cells. Blue staining is the cell nucleus.
Brown staining corresponds to thyroid peroxidase present in cell cytoplasm.

Results

Immunocytochemistry staining revealed the presence of thyroid
peroxidase in all the examined samples of human granulosa cell.
Staining scores were determined by two pathologists. All cells showed
intense and ubiquitous cytoplasmic TPO-positive staining, greater
than 80%, indicating the important role of this enzyme in granulosa
cells of the mature ovarian follicle.

Discussion

Thyroid peroxidase assists the chemical reaction that adds iodine
to thyroglobulin, a critical step in generating thyroid hormones,
thyroxine and triiodothyronine. Thyroid hormones, in particular T3,
may play an important role in ovarian folliculogenesis and oocyte
maturation. Indeed, earlier in vitro studies have shown that T3 can
synergize with chorionic gonadotrophin [7] to stimulate granulosa
cell proliferation, and with follicle stimulating hormone to induce
differentiation of granulosa cells from porcine follicles [8]. In
particular, T3 was demonstrated to enhance FSH action and increase

LH/hCG receptor formation and induce steroidogenic enzymes 3
beta-hydroxysteroid dehydrogenase and aromatase in granulosa cells
from porcine follicles [8]. The ovary can uptake iodine from the blood
circulation. In particular, small and growing follicles take up more
iodine than large ones indicating that the presence of this molecule is
crucial for follicular development [9]. Thyroid receptors are present
in granulosa cells of primordial, primary, and secondary follicles
[4]. Mature oocytes are also positive TRal, TRa2, TRB1, and TRB2
mRNA [5]. Moreover, the presence of deiodinase types 2 and 3 in
granulosa cells indicates a possibility of conversion of peripheral T4
on ovarian tissue [4].

To date there are no studies verifying the presence of thyroid
peroxidase in the granulosa cells of the human ovarian follicle.
Although the number of cases is very small, we can affirm to have
isolated thyroid peroxidase in mature human granulosa cells of the
cumulus oophorus thus indicating that the human ovarian follicle
may be independent in producing thyroid hormones.

This finding may also be important to explain reproductive failure
often associated to thyroid peroxidase autoimmunity in women. It is
increasingly evident that thyroid autoimmunity, rather than thyroid
hormone concentrations, may impair IVF cycle outcomes [10,11].
We have found thyroid peroxidase antibodies in follicular fluid at
levels similar to those in serum [12]. These antibodies may therefore
disrupt the function of thyroid peroxidase, generate an inflammatory
response, and alter the milieu of the maturing oocyte. Indeed, it was
recently demonstrated that positive thyroid peroxidase antibody
status negatively affects embryo quality in euthyroid women,
independently of whether TSH is low-normal or high-normal [11].

In conclusion, there are multiple suggestions in the literature that
thyroid hormones influence the maturation of the human oocyte. It
is becoming increasingly clear that the cellular components of the
human ovarian follicle can produce these substances on their own and
may not need to rely on supply from blood circulation. Most studies
regarding thyroid hormone production in human granulosa cells,
including ours, have been carried out in cells from gonadotropin-
stimulated cycles. Further research needs to be done during natural
cycles, possibly sampling follicles at different stages of maturation. At
the same time, follicular cells may be targeted by thyroid peroxidase
antibodies and their activity upset during such an important and
delicate process as oocyte maturation.
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