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Introduction. The main function of thyroid, as an

The aim of this work was to study the link between activation of processes of migration, proliferation, loss of
thyrocyte follicle organization at different culture conditions and subcellular localization of S6K1/2. The
subcellular redistribution of S6K1/2 takes place in the rat thyrocyte monolayer culture where S6K1/2 was
detected not only in the cytoplasm but in the nuclei of cells as well|. In addition, the content of S6K1/2 in
proliferating cells was increased. The subcellular| localization of S6K1/2 in thyrocytes cultivated as

follicles was similar to that observed in normal thyroid tissue. Subcellular relocalization of S6K1/2 was

detected only in certain cellular population, which for some reasons lost follicle organization and,
consequently, functional activity. Thus, the changes in subcellular localization of S6K1/2 in cultivated
thyrocytes are directly related to the level of differentiation, unlike proliferation and migration of these
cells.

Keywords: ribosomal protein S6 kinase, thyrocytes, level of differentiation.

organization  and  depolarization lead to

endocrine organ, consists in the production of thyroid
hormones which play an important role in the
metabolism of human and mammalians. (A) Basic
structural and functional unit of thyroid is a follicle,
which consists of  closed prismatic or cuboidal

epithelium monolayer with an apical part forming a
lumen. The latter is  filled with a colloid which
contains a glycoprotein thyroglobulin.  Follicle
organization of thyrocytes ensures the multistep
process of thyroid hormones synthesis. It was shown
on cultivated thyrocytes that the loss of follicle
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dedifferentiation of these cells and to a decrease in
thyroglobulin content [1, 2].

The functions of thyroid are regulated by a few
factors with the main role of pituitary thyroid
stimulating hormone (TSH). It was shown, that TSH
influences the thyroid cells through the
Phosphatidylinositol ~ 3-Kinase  (PI3K)  signal
transduction pathway [3]. The link between the
receptor of TSH and regulatory p85a subunit of PI3K
was demonstrated on cultivated thyrocytes. It was
noted that TSH stimulates the interaction between the
receptor of TSH and PI3K, which results in PI3K- and
protein kinase A (PKA) dependent translocation of
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phospholipid dependent kinase 1 (PDKI1). TSH
stimulates ribosomal protein kinase S6K through
PI3K-, PDK1- and PKA dependent pathway and as a
consequence affects in vitro proliferation and
functional activity of follicular cells [4].

S6K belongs to (an) AGC family of
serine/threonine protein kinases which includes protein
kinase C, protein kinase B, SGKs, and 90 kDa
ribosomal S6 protein kinase [5]. There are two forms of
S6 kinase - S6K1 and S6K2 and each (of them) has
cytoplasmic (S6K11I and S6K2 II) and nuclear (S6K1 I
and S6K2 I) izoforms [6]. It was demonstrated that
activity of S6K1/2 is regulated by
phosphorylating/dephosphorylating in response to
different extracellular stimuli, which include growth
factors, cytokines and hormones. Nowadays no highly
specific inhibitors of S6K are known. Numerous data
demonstrate that PI3K/mTOR signalling pathway
play(s) a key role in complete activating S6K.

Earlier an analysis of S6K expression was
performed on the tumours of human thyroid, normal
tissue and cell lines [7, 8, and 9]. Overexpression of
these kinases was detected in papillary carcinoma in
comparison to normal tissue. Studies carried out by
Western-blot analysis and immunohistochemical
technique revealed cytoplasmic localization of S6K 1 in
normal tissue and in papillary carcinoma of human
thyroid.

We have shown that in rat thyroid gland S6K1 and
S6K2 are localized mainly in the cytoplasm of
thyrocytes [10]. At the cultivation of the isolated
follicles of thyroid under the conditions of monolayer
culture during spreading  of follicles and loss of
follicle organization of thyrocytes, a positive
immunocytochemical reaction was detected not only in
the cytoplasm but in the cell nuclei as well. Initially
(the) S6K1/2 positive nuclei were detected on the edge
of cell colonies, later a positive reaction was
determined in the nuclei of all other cells [10]. These
data led to an assumption about the link between
activation of cell migration and subcellular
redistribution of (the) indicated kinases. On the other
side, it is known that S6K is involved in control of cell
proliferation [11]. In the previous studies we didn’t
found a correlation between the expression of Ki-67
antigen and the appearance of S6K in the nuclei of

thyrocytes [10]. That is why a possible role of S6K1/2
in regulation of thyrocyte proliferation has to  be
studied further. Besides, it was shown that after
10-days of the cultivation of follicles under conditions
of two-dimensional culture the content of
thyroglobulin in thyrocytes is substantially diminished
[10]. It points out a possible connection between the
decline of functional activity of thyrocytes in vitro and
the changes in subcellular localization of S6K1 and
S6K2. Consequently, the process of thyrocyte
cultivation is accompanied by activating the migration
processes, cell proliferation and changes in tissue
structural organization as well as the functional
activity. However, it concerns to a lesser degree the
follicles cultivation at under three-dimensional
conditions [2].

The aim of this work was to study the relation
between these processes and the content and
subcellular localization of S6K1/2 in (the) thyrocytes
cultivated under different culture conditions. The
research included generation of the monolayer
cultures and three-dimensional cultures with the
maintenance of follicle organization of thyrocytes. The
cell migration was studied as well using polycarbonate
filters [2, 12] with a subsequent immunocytochemical
analysis. The detection of proliferating cells and
thyroglobulin content was carried out by the
immunoperoxidase and immunofluorescence methods.

Materials and methods. Reagents. Reagents for
the cell culture and chemiluminiscent reagent were
obtained from “Sigma” (USA). Antibodies to the
thyroglobulin and Ki-67 were from “Dako”
(Denmark); antibodies to mitogen-activated protein
kinases (Phospho-p42-44 MAPK) were obtained from
“BioLabs” (USA). Polyclonal and monoclonal
antibodies to S6K1/2 were generated in our laboratory.
Transwell with the pore diameter of polycarbonate
membrane 8 um were obtained from “Costar” (USA).

Generation of thyrocyte cultures. The suspension
of thyroid follicles from rats of Wistar line was
obtained by the method described earlier [10]. Thyroid
tissue was cut into small fragments, incubated with
(the) mixture of collagenase/dispase with addition of
trypsin inhibitor during 2 hours at 37°C. Thereafter
(the) growth medium (RPMI-1640, 17 % FCS, 4 mM
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glutamine, 50 wu/ml of penicillin, 50 pg/ml
streptomycin, 1 pg/ml amphotericin B) was added. The
disaggregated material was filtered through a nylon
mesh with (the) pore diameter (of) 180 pum and
collected on a nylon filter with (the) pore diameter (of)
30 um. The isolated follicles were washed with (the)
growth medium and centrifuged. To obtain the
monolayer cultures the follicles were cultivated in
Petry dishes. The cultures of aggregates of follicles
were obtained on dishes, preliminary coated with 1 %
agarose. Cultivation was carried out at 37 ° C, in a
humidified gas phase 7 % CO,/air.

Migration of thyrocytes through Transwell. The
suspension of follicles was transferred into the upper
chamber of transwell, in RPMI-1640 supplemented
with 1 % human serum albumin, 4 mM glutamine and
(the) mixture of antibiotics. The lower chamber
contained RPMI-1640 with 20 % FCS to stimulate the
chemotaxis of thyrocytes. (The) Cultivation was
carried out for 4 days; the medium in lower and upper
chambers was changed daily. (The) Filters were fixed
with methanol for 5 min, cells in the upper chamber
were removed by a cotton tampon, retaining the cells
that migrated to the opposite filter surface.

Immunocytochemical and immunohistochemical
analysis. Detections of thyroglobulin (TG), S6K1 and
S6K2  were  performed by the  indirect
immunoperoxidase method on the paraffin sections of
the cultivated aggregates of follicles, monolayer
cultures and in the thyrocytes, cultivated in transwells.
Histological sections were deparaffinised and
rehydrated. Endogenous peroxidase was quenched
with 3 % H,0O, for 30 min. After blocking non-specific
binding by 10 % FCS, (the) sections were incubated
with primary monoclonal antibodies (S6K1, 1:50;
S6K2, 1:200; TG, 1:100) for 90 min at 37°C.
Incubation with the secondary antibodies, labelled with
peroxidase, was carried out for 1 h at 37°C. The
reaction proceeded in 3, 3’-diaminobenzidine
tetrachloride solution. For double immunochemical
reaction the first antigen was detected by the
immunoenzymatic method using corresponding first
antibodies (anti-thyroglobulin 1: 100, anti-MARK 1:
50, anti- Ki-67 1: 50) and secondary antibodies labelled
with horse- radishperoxidase. SOK1 and S6K2 were
determined by the immunofluorescent method, using
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the secondary antibodies labelled with FITC. To
decrease the autofluorescence background the
preparations were incubated for 30 min in 10 mM
CuSO, and 50 mM of CH,COONH, at pH 5.0. Control
preparations were incubated without primary
antibodies.

All experiments were repeated no less than 3 times.
Microscopic studies were carried out using Leica
DM1000 microscope (Germany).

Results and discussion. To detect S6K1/2 in
proliferating thyrocytes in monolayer cultures a double
immunocytochemical staining was applied. This
approach was initially tested using the MCF-7 cell line
which is characterized by a high level of the ribosomal
protein S6 kinases expression. The data obtained
demonstrate that after three days of incubation of
follicles suspension at the conditions of (the)
monolayer culture an amount of proliferating cells
positive for Ki-67 antigen was insufficient. Starting
from (the) sixth day of cultivation the number of Ki-67
positive cells increased. In these thyrocytes the
increased reaction on S6K 1 and S6K2 was revealed as
well (Fig. 1, b, d). In addition, double
immunocytochemical staining of activated MAP
kinases and S6K1 or S6K2 in thyrocytes was carried
out. Like in the case of Ki-67 antigen in the cells
positive on phosphorylated MAP kinases (Fig. 1, e, g),
an increased reaction on S6K1/S6K2 (Fig. 1, f, h) was
detected. Thus, on a primary culture of rat thyrocytes
an increased content of S6K1/S6K2 in proliferating
cells was demonstrated.

The obtained results correlate with the literature
data on the involvement of S6K in regulation of cell
proliferation. (An) Activation of S6K1 and MARK was
revealed during stimulation of human endothelial cells
proliferation by angiopoetin [13]. In addition, the
activation of protein synthesis, mediated by S6K in the
human vascular endothelium, was determined as a key
stage in  passage through the cell cycle [14]. In the
inducible mice tumours producing TSH, the activation
of S6K was detected at aberrant pituitary growth [15].
However, as we reported earlier (,) the alterations in
subcellular localization of S6K1/2 kinases are not
connected directly with proliferation of thyrocytes
[10].
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For the detection of S6K 1 and S6K2 localization in
migrating rat thyrocytes the transwells were used.
Since the initiating of thyrocytes migration through a
porous membrane requires follicles attachment to the
plastic surface and their spreading out, the cultivation
of follicles was carried out for 4 days. This term of
cultivation was chosen experimentally.

In the control experiments to avoid the stimulation
of chemotaxis, the contents of FCS in upper and lower
chambers were identical. The cells were fixed on
membranes  with  methanol with  subsequent
immunocytochemical determination of a subcellular
localization of S6K1 and S6K2. On the opposite side of
the membrane the colonies of migrating cells of the
regular shape or lacking central part were found. This
fact leads to the assumption that the boundary cells,
unlike those located in a centre of the colony have
higher mobility potential. In thyrocytes migrating to
the opposite surface of the membrane, and also in those
which remained on topside, the localization of S6K1
and S6K2 was predominantly cytoplasmic (Fig. 2).

There are no literature data concerning subcellular
localization of S6K1/2 in migrating thyrocytes.
However, there are some data relating to the
participation  of PI3K signal pathway and S6K in
migration. Recently it was shown that suppression of
mTOR by rapamycin leads to inactivation of this
pathway that in turn inhibits (in dose-dependent
manner) the migration of the NUGC4 line cells, which
originate from the carcinoma of stomach [16]. The
above-mentioned data are in accordance with the work
of Zhou H.Y. performed on the cells of ovarian
carcinoma. It was shown that the constitutively active
form of S6K1 caused induction of invasive and
migratory phenotype of cells. In addition, activating
S6K1 predetermined an increase in the expression level
and proteolytic activity of matrix metalloproteinases,
in particular MMP-9 [17]. Our data do not exclude a
possibility of activation of indicated kinases in a
cytoplasm of thyrocytes, but point out that appearance
of S6K1 and S6K2 in the nuclei does not relate to the
cell migration.

Earlier we have shown that dedifferentiation of
thyrocytes is  accompanied by  subcellular
relocalization of S6K1 and S6K2 in the monolayer
culture [10]. That is why (in this work) we studied

subcellular localization of S6K1/2 in thyrocytes of the
follicles cultivated on the agarose layer at conditions
when the follicles form aggregates and keep tissue
organization of the thyroid cells. However, because of
partial damage during isolation the follicles collapsed
which resulted in aggregate areas with lost follicle
organization. The aggregates of follicles were fixed
and then (the) localization of indicated kinases was
determined immunohistochemically on 3¢, 6" and 10"
days of cultivation (Fig. 3). It was revealed that in the
areas with the follicle structure organization S6K1 and
S6K2 were localized mainly in a cytoplasm of
thyrocytes.

It should be noted that the maintenance or loss of
follicle  organization at  cultivation  under
three-dimensional conditions correlated with the
functional state of thyrocytes that was determined by
thyroglobulin content in the cells (Fig. 4 a, c). It was
detected that cells in follicles were positive on a
thyroglobulin, however, the cells with lost primary
tissue organization did not contain a thyroglobulin
which indicated the decreased level of their functional
activity. Double immunohistochemical detection of
thyroglobulin and S6K1/S6K2 in the cells was
performed. In the cells containing thyroglobulin S6K1
and S6K2 had mainly cytoplasm localization, as well as
those in the initial rat thyroid tissue. After 10 days of
cultivation in the population of cells which did not
save the follicle organization and, accordingly, did not
contain thyroglobulin the positive reaction on S6K1/2
was detected in thyrocyte nuclei as well as in the case
of prolongated thyrocyte cultivation in the monolayer
culture (Fig. 4). In addition, the immunostaining of
S6K1/2 in the thyroglobulin negative cells was greater
than in the cells containing thyroglobulin. These
findings enable to suggest that ribosomal protein S6
kinases — S6K1 and S6K2 - are involved into the
process of thyrocytes differentiation. At condition of
artificially initiated dedifferentiation there is a
relocalization of these kinases in comparison with the
normal thyroid tissue.  The role of S6K in
differentiation was studied previously on neural cells,
neutrophiles and other types of cells [18, 19]. It was
shown that suppression of S6KI1 delays the
differentiation of neural cells. It should be noted that
(earlier in our laboratory was demonstrated) the
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presence of positive reaction on S6K?2 in the nuclei of
human breast carcinoma cells, which was not observed
in normal tissue. Besides, it was revealed that the
amount of S6K1/2 detected in nuclei of malignant cells
increased considerably in the tumours of low
differentiation grade [20].

Thus, our data demonstrate that the proliferation
and migration of thyroid cells in vitro are not associated
directly with the changes in S6K1 and S6K2
localization. Alternatively, the connection between cell
proliferation and increase of S6 kinases cell content has
been shown. As a result of the performed research, the
dependence between subcellular localization of
S6K1/2 and functional state of thyrocytes has been
found that can be useful for an analysis of different
compounds modulating the thyroid function at
pathology.

A. 1. Xopyacenko, O. B. Yepeonux, B. B. Dinonenxo

Cyo6xnitunHa nokanizauis SOK 11 S6K2 ¢popm kinazu pubocomHoro
Oinka S6 y THpeouuTax MypiB 3a yMOB JBO- Ta TPUBUMIPHOT KyJIb-
TypH

Pesrome

3a ymos MoHowaposoi Kynbmypu mupeoyumis wypa 6i00ysacmucs
6HYMPIWHbOKIIMUHHUL nepepo3nodin S6K1/2, axi nopso 3 yumon-
1a3mMol0 0emekmyrmscs y aopax kiimux. Memow pobomu 6yno
docnioumu 36 130K MIdC akmueayicto npoyecie miepayii, npouighe-
payii, empamu Gonikyiaproi opeanizayii mupeoyumis 3a pizHux
VMO8 KYIbmu8yeanus ma cyoxiimunHor roxkanizayicio S6K1/2. Bu-
s61eno 3azanvhHe 3pocmanus emicmy S6KI1/2 y nponighepyrouux
KAimunax. Y mupeoyumax, Kyibmugosanux y eueasoi (onixyiis,
6HYmMpiwHbOKAIMunHa roxkanizayis S6K1/2 ne smintoemucs 6i0HoC-
Ho Hopmanvhoi mxanunu. Cybxaimunny penokanizayiio S6KI1/2
6i03HaUEHO TuULe 0I5l OKPeMOI NONYAAYIL KNIMUH, W0 3a NeGHUX Npu-
yuHn  empamuau  QONIKYIApHY — opeanizayiro i 8i0N08IOHO
¢ynryionanvny axmugunicms. Omowce, 3MiHA CYOKAIMUHHOT 710-
kanizayii S6K1/2 y kynemueosanux mupeoyumax 6e3nocepeorbo
noe’asana 3i sMiHOI0 pieHs Oughepenyiayii Ha 8i10MIHY 8i0 nponighe-
payii ma miepayii yux KaimuH.

Kniouosi cnosa: xinasza pubocomnozco oinka S6, mupeoyumu,
pieens oudepenyiayii.

A. U. Xopyocenko, O. B. Yepeonuk, B. B. Puronenko

Cyo6xnerounas gokanusanus S6K1 u S6K2 dhopm kuHaszsl
pubocoMHOro 6enka S6 B THpPEOUTaX KPbIC B YCIOBUAX ABYX-

U TPEXMEPHOH KYJIbTYPhI
Pesrome

B ycnosusx MOHOCIOUHOU KYTbMYPbl MUPEOYUn o8 Kpblcbl HPOUCX0-
oum eHympukiemoyroe nepepacnpeoenenue S6K1/2, komopwie Ha-
pAady ¢ yumonnazmou oemexkmupyromcsa 6 aopax kiemok. Llenv
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pabomel cocmosna 6 uVHeHuu CceA3u Medcoy aKmueayueil
npoyeccos muepayuu, nporugepayuu, nomepu @GOINUKYIAPHOU
OpeaHu3ayUU MUPEoYUmo8 npu pasHvlxX YCA0GUAX KYIbMUSUPOLd-
Hus u cyokaemounou roxkamuzayuet S6K1/2. Obnapyaceno obwee
nosviutenue cooepocanus S6K1/2 ¢ nponugepupyrowux kiemrkax. B
mupeoyumax, KyJibmugupyemulx 6 euoe (oinuKyios, 6HympuKie-
mounas nokanrusayus S6K1/2 ne usmensniacy no cpasHeHuro ¢ Hop-
manvHou  mkawnvlo. Cybxkremounas penoxaruzayus S6K1/2
ommeuena 1ums 0Jisl OMOENbHOU NONYAAYUU KIeMOK, KOmopble no
PA3TUYHBIM NPULUHAM MEPATU QONTUKYAAPHYIO OPSAHUZAYUIO U CO-
0mMEemcmeenHo QYHKYUOHANbHYIO akmueHocmb. Takum obpaszom,
uzmeneHue cybkiemounou noxkaruzayuu S6K1/2 6 xyremugupye-
MbIX MUPEOYUmMax HenocpeocmeenHo C6A3aH0 ¢ USMEHEeHUeM yPOG-
Hs Juppepenyuayuu ¢ omauuue om nporudepayuu u Muepayuu
IMUX KIEMOK.

Kurouegvie cnosa: xunaza pubocomnozco 6eaxa S6, mupeoyumst,

yposens oughpepenyuayuu.
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Fig. 1. Double immu-
nochemical detection of
Ki-67, MAPK, S6KI1
and S6K2 in rat
thyrocytes under condi-
tions of monolayer cul-
ture. a, ¢, e, g —
immunoperoxidase re-
action; b, d, f , h —
immunofluorescent re-
action. a, ¢ — detection
of'an antigen Ki-67, b, d
- detection of S6K 1 and
S6K2 correspondingly
in the same thyrocytes,
both arrows show the
same cell. e, g — detec-
tion of MAPK, Ocular
x10, objective x40.
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C

Fig. 2. Imunoperoxidase detection of localization of S6K1 (a, ¢) and S6K2 (b, d) in thyrocytes on the topside of transwell membrane (a, b) and
on a lower surface after migration (c, d). There is cytoplasmic localization of S6K1/2 in all cases. During migration of thyrocytes from the
spreaded follicle, the cells located at an edge of the colonies migrate faster than the cells of central area (Fig. 2B.) Ocular x10, objective x5.
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Fig. 3. Detection of subcellular localization of S6K1 (a, c, e¢) and S6K2 (b, d, f) in the cells of aggregates of follicles cultivated under
three-dimensional conditions for 3 days (a, b), 6 days (c, d) and 10 days (e, f). There is mainly cytoplasmic localization of indicated kinases
in thyrocytes. Ocular x10, objective x40.
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Fig. 4. Double
immunocytochemical detection of
colocalization of thyroglobulin (a,
¢ — immunoperoxidase method)
and S6K1/2 (accordingly, b, d —
immunofluorescent method) in the
aggregates of follicles on the 10th
day of cultivation. Arrows show
areas where a follicle structure and
thyroglobulin are absent. In
thyrocytes without thyroglobulin
S6K1/2 positive nuclei are
revealed. Ocular x 10, objective x
40.



