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Presence of free trilodothyronine and free thyroxine in
thyroid follicles may be correlated with the quick secretion of
thyroid hormones under certain physiological conditions
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Abstract. Thyroid cells are polarized and the follicle struc-
ture, consisting of follicle epithelial cells, is a prerequisite for
thyroid hormone synthesis. However, a reliable in vitro model
simulating thyroid function is not currently available. To the
best of our knowledge, the present study reports for the first
time a simulated follicle by inoculation of human thyroid cells
on the filter in a Transwell plate to maintain the polarity of
thyroid cells. The iodine uptake was analyzed by arsenic and
cerium catalysis spectrophotometry, as well as the secretion
of free triiodothyronine (FT3) and free thyroxine (FT4) by
direct chemiluminescence. The data showed that thyroid cells
growing in the Transwell chamber synthesized and secreted
FT3 and FT4, while the monolayer cells directly seeded in
the 6-well-plate did not produce these two thyroid hormones.
Regarding the iodine uptake, cells in the Transwell chamber
demonstrated a markedly higher capability than the monolayer
cells. The data proved that the polarity of thyroid cells could
be restored using the Transwell plate, which was critical for
iodine uptake and thyroid hormone synthesis. The presence
of FT3 and FT4 in follicles may be correlated with the quick
secretion of thyroid hormones under certain physiological
conditions.

Introduction

The mammalian thyroid gland consists of numerous follicular
structures, which are known as follicles (1). Each follicle
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is constructed by abundant epithelial cells arranged as an
epithelium (2). A follicle lumen surrounded by these polarized
epithelial cells represents the most fundamental thyroid unit,
where the synthesis and secretion of hormones, as well as
iodine uptake, are processed (3). The normal thyroid functions
will be compromised if the intact follicle structure is broken.
The monolayer thyroid cells do not possess these functions
due to loss of polarity and absence of follicular structure.
The unavailability of a functional thyroid model significantly
impedes the progression of scientific research on the regula-
tory mechanisms of thyroid function. In virtue of the Transwell
plate, the natural structure of a thyroid follicle was simulated
in the present study by inoculating thyroid Nthy-ori3-1 cells
onto the chamber filter, and restoring the normal thyroid
cellular function of secreting thyroid hormone.

Materials and methods

Materials. The human thyroid cell line Nthy-ori-3-1 was
purchased from the European Collection of Authenticated
Cell Cultures (Salisbury, UK). Potassium iodide (KI) and
thyroid-stimulating hormone (TSH) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). All the reagents and
plates for cell culture were products of Corning, Inc. (Corning,
NY, USA). The chemiluminescence kits for the detection of
free triiodothyronine (FT3) and free thyroxine (FT4) were
from Siemens AG (Munich, Germany). The iodine automatic
detector was purchased from Wentesi Health Technology, Ltd.
(Hubei, China).

Cell culture. Nthy-ori-3-1 cells were cultured in RPMI-1640
medium and 10% fetal bovine serum (FBS) in a 37°C incu-
bator with 5% CO,. The culture medium was replaced every
2 days and the cells were routinely passaged every 7 days.

Establishment of thyroid follicle model in vitro. The
in vitro follicle model is schematically illustrated in Fig. 1.
The polycarbonate filter membrane was firstly coated
with 0.3 mg/ml collagen followed by inoculation of the
Nthy-ori-3-1 cells (~1.5x10° cells/filter). In the lower chamber,
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Figure 1. A schematic illustration of the follicle model. The polycarbonate filter membrane was firstly coated with 0.3 mg/ml collagen, followed by inoculation
of the Nthy-ori-3-1 cells. In the lower chamber, 2 ml RPMI-1640 medium with 10% FBS, 1 mIU/I thyroid-stimulating hormone and 330 ug/1 potassium iodide
was added, while the upper chamber was filled with 0.8 ml RPMI-1640 medium with 10% FBS. The upper and lower chambers were completely separated
subsequent to the cells reaching 100% confluence. The upper chamber acted as the follicular lumen, the interface between the cell and upper chamber served
as the apical surface and the cell-lower chamber contact area was similar to the basal pole. FBS, fetal bovine serum.
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Figure 2. Synthesis of FT3 and FT4, and iodine uptake changes in a time-dependent manner. The synthesis of thyroid hormones and iodine uptake in the upper
chamber increased in a time-dependent manner and reached a peak value at 36 h; however, in the monolayer cells, the amount of FT3 and FT4 in the culture
medium decreased, and the iodine uptake reached a peak value at 12 h. FT3, free triiodothyronine; FT4, free thyroxine.
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Figure 3. Thyroid cells cultivated in the Transwell plates produce FT3 and FT4, and take up iodine. The monolayer cells were almost not able to synthesize
FT3 and FT4, and possessed a limited capability of taking up iodine. In comparison, the thyroid cells growing in the Transwell chamber demonstrated a higher

capability of producing FT3 and FT4, and a stronger capacity of iodine uptake.
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2 ml of RPMI-1640 medium with 10% FBS, 1 mIU/l TSH and
330 ug/l KI was added, while the upper chamber was filled
with 0.8 ml RPMI-1640 medium without 10% FBS. The liquid
level between the upper and lower chambers was aligned.
As a control, the monolayer cells, with an identical number
of cells, were cultured in a collagen-coated plate, and were
maintained in the same medium as used in the lower chamber.
The culture medium was replaced respectively when the cells
reached complete confluence, and the cells were continuously
cultured for an extra 36 or 48 h. Following this, the culture
medium was subjected to analysis. The iodine uptake was
determined by arsenic and cerium catalysis spectrophotometry
and the secretion of FT3 and FT4 was detected by direct
chemiluminescence.

Statistical analysis. SPSS software 19 (IBM. Corp., Armonk,
NY, USA) was employed for statistical analysis. Statistical
significance among the groups was assessed using unpaired
Student's t-test. All the data were expressed as mean + stan-
dard error.

Results

Thyroid hormone synthesis and iodine uptake. The synthesis
of thyroid hormones and iodine uptake in the upper chamber
increased in a time-dependent manner and reached a peak
value at 36 h; however, in the monolayer cells, the amount of
FT3 and FT4 in the culture medium decreased, and the iodine
uptake reached a peak value at 12 h (Fig. 2).

The monolayer cells were almost not able to synthe-
size FT3 and FT4 and only possessed a limited capability
of iodine uptake; 15.13+8.78 pg, (Fig. 3 and Table I). In
comparison, thyroid cells growing in the Transwell chamber
demonstrated a higher capability of producing FT3 and
FT4, which were 2.89+0.21 and 10.35+0.14 pmol, respec-
tively, and stronger capacity of iodine uptake, which was
109.52+3.18 pug (Fig. 3 and Table I), indicating that the cells
growing in the Transwell chamber simulated thyroid func-
tion and demonstrated incomparable advantages compared
to the monolayer cells (Table I).

Discussion

The thyroid follicle is the fundamental unit where iodine
uptake and thyroid hormone synthesis occurs. The intact
follicular structure is a prerequisite for thyroid gland exer-
cising normal function. All the models that are feasible for
thyroid function research must rebuild the follicle structure.
Previously, thyroid tissue sections were often used as a research
model (4). Although this model had follicles and possessed
the ability of iodine uptake and synthesis of hormones, other
cell types mixed in the model would influence the experi-
mental outcomes; furthermore, observing the phenotype and
extracting the components in follicles is challenging. Previous
studies have attempted to replace tissue culture with primary
thyroid epithelium or cell lines (5-9). All these cells usually
grew in a monolayer. Using gel and serum could aid with the
formation of follicle-like structures; however, this method did
not overcome the barriers of follicular component isolation
and observation of the follicle; and additionally, follicle-like
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Table I. Thyroid hormone synthesis and iodine uptake by
monolayer cells in a 6-well or Transwell plate.

Groups FT3,pmol  FT4, pmol Iodine, ug
Monolayer cells  -0.8+0.61 -5.37+3.13 15.13+8.78
Transwell group  2.89+0.21*  10.35+0.14* 109.52+3.18*

*P<0.05 (n=3). FT3, free triiodothyronine; FT4, free thyroxine.

structures could only be sustained for a short time span. All
these defects significantly limited their application in the study
of thyroid function. Inversely, there were advantages when
using monolayer cells as they can simulate the function of the
follicle structure.

In the present study, the human thyroid cell line Nthy-ori3-1
and Transwell plates were used to simulate thyroid structure,
and the function of this model was primarily validated.
Following inoculation on the filter membrane in the upper
chamber, thyroid cells grew polarized in the monolayer and
closely attached to the culture medium in the lower chamber,
which were filled with TSH and iodine in addition to the
complete culture medium. The upper and lower chambers
were completely separated subsequent to the cells reaching
100% confluence. The upper chamber acted as the follicular
lumen, the interface between cell and upper chamber served
as the apical surface and the cell-lower chamber contact area
was similar to the basal pole (Fig. 1). Cells took up nutrient
materials from the lower chamber for synthesizing thyroglob-
ulin (Tg) and thyroid hormones, which were lately released
into the upper chamber. The in vitro model established was an
open system, and was barrier-free for extraction of follicular
components, as well as the application of various treatments.
This model showed unique advantages for investigating the
follicular components, as well as their regulatory roles in
mediating thyroid functions.

Postgard et al (10) previously built a similar model using
porcine primary thyroid cells; however, porcine primary
thyroid cells were not feasible for long-term cultivation, and
the monolayer cells were mixed with the intact follicle on
the filter membrane when the cells were seeded at higher
density, so it was not an ideal option for elucidating thyroid
function. In the current model, the human-derived thyroid cell
line Nthy-ori-3-1 only grew in a monolayer manner, which
benefited the reconstruction of the functional thyroid model
in vitro.

For verifying whether the model established would func-
tion correctly, several assays were conducted to probe the
secretion of FT3 and FT4, as well as the capability of iodine
uptake. The data showed that the amount of FT3 and FT4
in the upper chamber was markedly higher than those from
monolayer cells. To be precise, the levels of FT3 and FT4 in the
monolayer cells were below the detection threshold, indicating
monolayer cells not only failed to synthesize hormones, but also
consumed the original hormones. Based on a previous study,
follicular T3 and T4 were coupled with Tg prior to uptake and
hydrolysis by thyroid cells (11); therefore, FT3 and FT4 were
not detected in the follicles. However, a certain amount of free
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thyroid hormones existed in the present model, which could
explain the temporary thyrotoxia caused by FT3 and FT4
leakage in various thyroiditis. Generally, thyroid cells require
time to take up T3 or T4 coupled with Tg and hydrolyze them
prior to release in the blood. The existence of T3 and T4 in
follicles may be correlated with the quick secretion of thyroid
hormones under certain stimuli conditions, like cold condi-
tions or hunger.

Due to a lack of polarity, monolayer cells cannot synthe-
size thyroid hormones and take up iodine. lodine is the raw
material for hormone synthesis and will be transported to
and organized in follicles binding with Tg, and this process is
designated as iodine uptake. Following uptake, the intra- and
extracellular iodine concentration will equilibrate if iodine
cannot be transported out of the cell, which in turn impedes
iodine uptake. The model built in the present study could
take up iodine significantly; the iodine concentration in the
upper chamber increased in a time-dependent manner, while
it decreased in the lower chamber due to the uptake by thyroid
cells. In the monolayer cells, the iodine concentration in the
culture medium only decreased, indicating that the monolayer
cells had defects in iodine uptake.

Taken together, to the best of our knowledge, the present
study reports for the first time that Transwells and the human
thyroid cell line can be used to create a thyroid follicle model.
This model simulated thyroid follicle, synthesized thyroid
hormones and iodine was taken up by the cells. The presence
of FT3 and FT4 in the follicles may be correlated with the
quick secretion of thyroid hormones under certain physi-
ological conditions.
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