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Abstract

Background: Triiodothyronine regulates proliferation acting as stimulator or inhibitor. E2F4 and
E2F5 in complexes with pocket proteins p107 or p130 stop cells in GI, repressing transcription of
genes important for cell cycle progression. p107 and p130 inhibits activity of cyclin/cdk2 complexes.
Expression of all those proteins could be regulated by triiodothyronine. In clear cell renal cell
carcinoma many disturbances in T3 signaling pathway was described, in that type of cancer also
expression of some key G|l to S phase progression regulators was shown.

Methods: We investigated role of T3 and its receptors in regulation of proliferation of HK2, Caki-
2, Caki-1 cell lines (cell counting, cytometric analysis of DNA content) and expression of thyroid
hormone receptors, E2F4, E2F5, p107 and p130 (western blot and semi-quantitative real time
PCR). Statistical analysis was performed using one-way ANOVA.

Results and Conclusion: We show that T3 inhibits proliferation of HK2, and stimulates it in Caki
lines. Those differences are result of disturbed expression of TR causing improper regulation of
E2F4, E2F5, p107 and p130 in cancer cells.

Background

Thyroid hormone - triiodothyronine - regulates cells dif-
ferentiation, proliferation and programmed death. Triio-
dothyronine acts both as an activator and inhibitor of
cells proliferation [1]. Thyroid hormones act mainly by
their nuclear receptors, which are ligand dependent tran-
scription factors. Depending on type of TRE (thyroid hor-
mone response elements) they could activate or inactivate
transcription of TH regulated genes [2]. There are evidence
that T3/TR negatively regulates E2F1 transcription [3].
However, it has been also reported TR receptors inhibits
cells proliferation independently on triiodothyronine
[4,5].

E2F4 and E2F5 belongs to E2F transcription factors fam-
ily. Those two E2Fs do not have nuclear localization signal
and their binding to promoters depends on interactions
with p107 and p130 [6]. p107 and p130 belong to the
family of retinoblastoma suppressor proteins [7]. E2F4 or
E2F5 in complexes with p107 or p130 when connected,
take part in formation of CERC (cyclin E repressor com-
plex). In G1 phase CERC binds to CCNE1 promoter
repressing transcription, and inhibiting proliferation.
Phosphorylation of p107 and p130 by kinases results in
CERC dissociation and activation CCNE]1 transcription
and cell cycle progression [8]. Other cell cycle regulatory
genes are regulated in the same way. p107 and p130 in
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addition to creating CERC, could inhibit proliferation
also by inhibiting the activity of cyclin E/cdk2 and
cyclinA/cdk2 complexes [9].

At least 3% of human cancers are kidney cancers. Clear
cell renal cell carcinoma (ccRCC) is the most common
subtype of renal cancer, representing 75-82% of primary
malignancies of the kidney [10,11]. T3 signaling pathway
is disturbed in that type of cancer - patients with ccRCC
suffer from LTS (low triiodothyronine syndrome) [12],
expression of type I deiodinase mRNA and its activity are
lowered in ccRCC [13], expression of TRal and TRB1 is
disturbed [14,15], lowered biding of TR to DNA [16], low-
ered biding of T3 to TR [15,17] and mutations of TR [16].
Those disturbances frequently result in improper G1/S
phase progression [18]. Elevated levels of E2F1 and cyclin
El and its LMW were described in ccRCC [16,17,19].

Basing on those facts we decided to investigate influence
of triiodothyronine on cell proliferation and expression of
TRs, E2F4, E2F5, p107 and p130. That type of triiodothy-
ronine action was never examined in kidney and ccRCC
cells, and the results could shed the light, how the distur-
bances in T3 signaling pathway affect cell proliferation in
ccRCC.

Methods

Cell culture, maintenance, synchronization, and flow
cytometric assay

HK2 - human proximal tubules cell line, Caki-2 — human
ccRCC cell line, Caki-1 human ccRCC skin metastasis.
Cells were cultured in 75 cm2, 25 cm?2 cell culture flasks
and 6 or 12 well plates (Corning-Star) in (HK2) KSFM
medium (Gibco) or (Caki-2, CAki-1) Mc'Coy 5A Medium
(Gibco) supplemented with 10% Charcoal-Dextran
treated FBS (Hyclone), antibiotics (Penicillin-Streptomy-
cin solution Sigma) and with or without 100 nM triio-
dothyronine. Cells were synchronized by 24 h serum
depletion. For growth curves and flow cytometry cells
were harvested by trypsynization and counted in Malassez
chamber every two hours. For expression assays, western
blot and flow cytometry cells were harvested by trypsyni-
zation at three points of cell cycle G1, G1/S and S (at 4th,
8th and 12th hour after synchronization for HK2; at 18th,
22nd and 26th for Caki-2; at 12th, 16th and 20th for Caki-
1). For flow cytometric analysis synchronized cells were
harvested and fixed in 70% ethanol. DNA content was
established by method described by Fan [20] on FACSCal-
ibur (Becton Dickinson) briefly, cells were washed with
PBS, treated with RNase (Sigma; 500 units/ml) at 37°C
for 15 min, and stained with propidium iodide (Sigma; 50
ug/ml).
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Isolation of cell lysates

Cells were lysed for 30 minutes in 100 pl ice cold buffer
containing 50 mM Tris (pH7,4), 150 mM NaCl, 0,5 %
NP40, 50 mM NaF, 1 mM Na3vVO4 1 mM DTT, 1 mM
PMSF, protease inhibitor cocktail (SIGMA) and 10 pg/ml
trypsin inhibitor. Then lysates were centrifuged at 18000
g for 5 min. Supernatants divided into 30 pl aliquots and
stored at -70°C. The amount of protein in supernatant
was established by Bradford method.

Isolation of nuclear protein

The buffers used for isolation were as described by Kane
[21]. All buffers were supplemented with protease inhibi-
tor cocktail (SIGMA) and PMSF (0.5 mM). Cell were sus-
pended in 1 ml of ice-cold STM buffer (20 mM Tris-HCI,
0.25 M sucrose, 1.1 mM MgCI2; pH 7.85) and centrifuged
at 1000 g for 10 min at 4°C. The resulting pellet was
washed twice in 1 ml of STM buffer with 0.5% Triton X-
100, followed by centrifugation under the same condi-
tions. The final pellet was resuspended in 0.1 ml KSTM +
20% glycerol buffer (20 mM Tris, 0.25 M sucrose, 1.1 mM
MgCl2, 0.4 mM KCl, 20% glycerol; pH 7.85), sonicated
and incubated on ice for 30 minutes with vortexing every
5 min to extract the soluble nuclear proteins. After solubi-
lization, the suspension was centrifuged at 12000 g for 15
min at 4°C. The amount of protein in supernatant was
established by Bradford method. The protein extracts were
divided into 30 ul aliquots and stored at -70°C.

Western blot analysis

40 pg of cell lysate or nuclear protein extract was resolved
on 10% polyacrylamide gel (SDS-PAGE). After electro-
phoresis proteins were transferred onto nitrocellulose
membrane. Destained membranes were blocked over-
night at 4°C in 5% non-fat milk in TBS-T buffer (20 mM
Tris-HCI, 137 mM NaCl, 1 M HCI, 0.1% Tween-20; pH
7.6), washed twice in TBS-T for 10 min at RT, then incu-
bated for 2 h with mouse monoclonal anti-TR antibody (1
pg/ml TBS-T, Santa Cruz Biotechnology), mouse mono-
clonal anti-TRB antibody (2 pg/ml TBS-T, NeoMarkers),
mouse monoclonal anti-p107 antibody (1 pg/ml TBS-T,
Santa Cruz Biotechnology) or mouse anti-actin antibody
(1:10000) for 1 h at RT, washed 3 times for 10 min in TBS-
T, incubated for 1 h at RT with horseradish peroxidase-
conjugated goat anti-mouse secondary antibody (1:2000
in TBS-T, Dako), and washed again as described above.
The proteins were detected by an enhanced-chemilumi-
nescence detection system (Supersignal West Pico chemi-
luminescent substrate, PIERCE) according to standard
procedures. The amount of the specific protein was esti-
mated from densitometry after normalization against B-
actin band.
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RNA isolation

Cells were suspended in 1,5 ml TRIZOL reagent (Invitro-
gen), incubated for 5 minutes at RT. Then 300 pl chloro-
form was added and mixed gently, incubated for 10
minutes and centrifuged for 15 minutes at 12000 g (4°C).
Upper aqueous phase was transferred to a new tube,
mixed with 0.5 ml isopropyl alcohol and incubated for 10
minutes at RT, centrifuged for 15 minutes at 12000 g
(4°C). RNA pellet was washed with 75% ethanol, dried
and resuspended in 50 pl DEPC-treated water.

Real-time PCR

The isolated RNA served as a substrate in reverse transcrip-
tion reaction and the obtained cDNA samples were used
in semi-quantitative real-time PCR analyzes. Reverse tran-
scription was performed with RevertAidTM H Minus First
Strand cDNA Synthesis Kit (Fermentas) using oligo-dT
primer, according to manufacturer's protocol.

Real-time PCR reactions were performed with QuantiFast
SYBR Green PCR Kit (Qiagen) according to manufac-
turer's protocol. Primers are shown at table 1. Real-time
PCR conditions were as follows: initial denaturation:
95°C, 10 min., followed by 40 cycles: 95°C for 20's, 59°C
for 30 s and 72°C for 60s; then melting curve analysis.
Expression levels were normalized to values obtained for
HPRT.

Statistical analysis

Data are presented as mean + SEM. Statistical analysis was
performed using one-way ANOVA, p < 0.05 was consid-
ered statistically significant.

Table I: Primers for SQ-RT-PCR

gene  Primers sequences Product size

THRA  GCCTTTAACCTGGATGACACG 153 pz
GTGTTTGCGGTGGTTGACG

THRB CCTGGGACAAACCGAAGCA 140 pz
GATGAGATGTGGCGACGACT

E2F4 GAGTGGTCCCATTGAGGTTC 129 pz
GGCAGAGGTGGAGGTGTAG

E2F5 TCAGGCACCTTCTGGTACAC 145 pz
GGGCTTAGATGAACTCGACTC

RBLI  GAGGTGGTGATCCGCTCAGA 240 pz
TAGAGGAGACATTGGCATCAG

RBL2 CAACAATGGGCAAACGGTAAC 207 pz
GCCACTTGACCAGGGACTTG

HPRT AGGACTGAACGTCTTGCTCG 350 pz

GTTGGATTATACTGCCTGACC
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Results and Discussion

Proliferation and cell cycle

HK2 cells divided slower than cells of cancerous cell lines
(Caki-2, Caki-1) (doubling time respectively 85 h, 35 h
and 30 h). Trilodothyronine inhibits proliferation of HK2
cells and stimulates it in Caki-2 and Caki-1 (Fig. 1A, 1B,
1C). T3 causes 10-20% drop of cell number in HK2, and
10-20% rise of cell number was observed in Caki-2 and
20-30% at Caki-1 (Figure 1D). After synchronization
from 85% (HK2) to 95%(Caki-2) cells was in G1 phase of
cell cycle. HK2 cells started entering S phase about 4 hours
after the end of synchronization. Maximal number of cells
(20%) in S phase was observed about 12 h after end of
synchronization. In the presence of T3 less HK2 cells
enters S phase (5-10%). Caki-2 cells enters S phase 14
hours after synchronization, maximal number of cells in
S phase (35%) was observed 28 hours after synchroniza-
tion. In the presence of trilodothyronine maximal
number of cells was observed from 24 to 28 hour after
synchronization, more cells was entering S phase (5%). In
Caki-1 cells S phase starts between 8th and 12th hour after
synchronization, maximal number of cells entering S
phase (40%) was observed 20 hours after synchroniza-
tion. In the presence of T3 maximal number of cells in S
phase rises to 50%.

It is known that proximal tubules proliferate slower than
ccRCC derived cells [22], therefore HK2, Caki-2 and Caki-
1 proved to be a proper cellular model for investigation of
differences in cell cycle between normal and cancerous
cells. Effects of triiodothyronine differs - there are evi-
dence for proproliferative effects of that hormone [23-25]
and antiproliferative action [26-28] in our experiments
triiodothyronine inhibits proliferation in HK2 cells and
stimulates it in cancerous cells. Results obtained from
flow cytometric analysis of DNA content suggest that
observed differences in cell cycle progression could be
effect of inappropriate G1 to S phase progression.

Expression of thyroid hormone nuclear receptors
Densitometric analysis of immunoblots revealed that
level of TR protein in HK2 lysates from cells cultured with-
out rises during cell cycle progression (G1:47632 + 5230,
G1/8:61092 + 7234, S:74248 + 5698) (Figure 2B). In can-
cer cell lines Caki-2 and Caki-1 level of that proteins was
lower than in HK2 cells. In Caki-2 differently than in HK2,
TR protein level drops during progression of cell cycle
(G1:16380 + 1224, G1/S:5480 + 326, S:1600 + 172).

TR proteins level was, also in the presence of triiodothyro-
nine, higher in HK2 than in cancerous cell lines. In HK2
TR proteins level drops at G1/S and raises at S (G1:70036
+ 8921; G1/S:52124 + 6213; S:63044 + 5123), In Caki-2
decreases during cell cycle (G1:14409 + 965; G1/S:10000
+ 1234; S:3382 + 298), and raises with cell cycle progres-
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Figure |

Proliferation of cell lines. A) growth curve for HK2 cells cultured without or with 100 nM triiodothyronine B) growth
curve for Caki-2 cells cultured without or with 100 nM triiodothyronine C) growth curve for Caki-1 cells cultured without or
with 100 nM triiodothyronine D) differences in proliferation caused by 100 nM triiodothyronine.
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Figure 2

Level of main isoforms of thyroid hormone nuclear receptors (TR 1 and TRa.l). A) Representative immunoblots B)
mean levels of TR in cells cultured without triiodothyronine C) mean levels of TR in cells cultured with 100 nM triiodothyro-
nine D) Changes of TR protein level caused by 100 nM triiodothyronine.

sion (G1:5957 + 435; G1/S:6627 + 578; $:9548 + 789) in
Caki-1 (Figure 2C).

Triiodothyronine causes raise of TR level at G1 in HK2
and decrease at G1/S and S. In Caki-2 influence of triio-
dothyronine was different - it caused drop at G1 and raise
at G1/S and S. In Caki-1 effects of triiodothyronine on the
level of TR protein was similar to that observed in Caki-2
cells (Figure 2D).

High level of TRs observed in HK2 cells confirms earlier
results obtained on tissue samples of ccRCC [14]. Low
level of TR in cancer cells suggests that effects of apo-
receptors will weaker in those cell lines than in proximal
tubules. As expected changes in level of TR proteins were
observed in HK2 cells - according to the literature level of

TRs rises during cell cycle progression [29]. Contrary, in
Caki-2 cells expression profile was improper - protein
level drops during progression.

Effects of T3 on TR level differs between HK2 and Caki-2
and Caki-1, suggesting improper action of TRs in those
cell lines. Disturbances of TR could be result of different
expression, but also improper action weak DNA [16] and
T3 binding [15,17] or possible mutations [16].

Densitometric analysis of immunoblots show that during
cell cycle progression (G1:248 + 21; G1/S:334 + 42; S5:899
+ 78) TRP protein level raises in nuclear extracts HK2 from
cells cultured without triiodothyronine. In Caki-2 TR
level was higher than in HK2, and was raising at G1/S
(G1:1302 + 154, G1/S:2800 + 237) and decreasing at S. In
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Caki-1 raise of TR proteins level during cell cycle progres-
sion was also observed (G1:198 + 13, G1/S:566 + 56,
S:888 + 78) (Figure 3B).

In the presence of triiodothyronine TRB proteins level
drops at G1/S and rises at S (G1: 752 + 120; G1/S:194 +
14; S: 1700 + 345) In Caki-2 TR level was similar to HK2
(730 + 98, p > 0,05), and rises during cell cycle progres-
sion (G1/S:1100 + 201, S:1500 + 245). In Caki-1 at G1
and S TRP level was lower than in HK2, and rises At G1/S
and diminishes at S (Figure 3C).

http://www.thyroidresearchjournal.com/content/1/1/5

In HK2 cell line triiodothyronine causes rise of TR pro-
tein level at G1 and S, and drop at G1/S. In Caki-2 at G1,
effects of triiodothyronine was opposite to that observed
in HK2. In Caki-1 effect of triiodothyronine was weaker
than in HK2. In Caki-1 at S triiodothyronine acts as nega-
tive regulator of TRP protein level (Figure 3D).

As opposed to the cell lysates level of TRB in nuclear
extracts was higher in Caki-2 than in HK2. Similarly Puz-
ianowska-Kuznicka at al [14] show raised level of TRB1 in
30% of investigated ccRCC tissue samples. High level of
TRB could be result of more efficient transport of TRs to
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Figure 3

Level of thyroid hormone nuclear receptor TRf. A) Representative immunoblots B) mean levels of TR in cells cultured
without triiodothyronine C) B) mean levels of TRp in cells cultured with 100 nM triiodothyronine D) Changes of TR protein

level caused by 100 nM triiodothyronine.
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nucleus in Caki-2 cells. In the presence of T3 there were no
differences between Caki-2 and HK2 in the level of TR,
which suggests that transport of TRs in Caki-2 is inde-
pendent of T3, its known that in normal cells transport of
TRs is hormone dependent [30]. Raising during cell cycle
level of TRP suggest that effects of those receptors will be
higher in later phases of cell cycle. In cancerous cell lines
effects of T3 on TR are different than in HK2 cells. It sug-
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gest that in cancer cells expression or protein degradation
is disturbed.

In HK2 cells cultured without trilodothyronine TR
mRNA level drops at G1/S and rises at S (G1:2,9 + 0,24;
G1/50,3 +0,02; S:1,1 = 0,05) (Figure 4A). In Caki-2 at G1
mRNA level was similar to observed in HK2 (2,8 + 0,14),
remained unchanged at G1/S (2,8 + 0,16, p > 0,05) and
decrease eight fold at S (0,33 + 0,02). In Caki-1 level of
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Figure 4

Expression of TR} and TRa mRNA. A) Expression of TR in cells cultured without triiodothyronine B) Expression of TR3
in cells cultured with 100 nM triiodothyronine C) Changes in TRB mRNA expression caused by 100 nM triiodothyronine D)
Expression of TRa in cells cultured without triiodothyronine E) Expression of TRa in cells cultured with 100 nM triiodothyro-
nine F) Changes in TRa. mRNA expression caused by 100 nM triiodothyronine.
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TRP mRNA At G1 was lower than in (0,3 + 0,0,2 p < 0,05).
In that line level of TRB mRNA doubles at G1/S and drops
at$ (0,32 + 0,03 p>0,05).

In the presence of T3 level of TRB mRNA in HK2 drops at
G1/S and rises at S (Figure 4B). In Caki-2 level of TR}
mRNA was lower at G1 than in HK2 (G1:0,3 + 0,02),
declined at G1/S (0,1 + 0,01) and raised at S (0,5 + 0,02).
In Caki-1 level of TR mRNA was similar to observed in
HK2 (HK2:0,86 + 0,04; Caki-1 0,90 + 0,05 p > 0,05), but
level of that mRNA raises at G1/S to drop at S.

In HK2 cells triiodothyronine causes negative regulation
of TRP expression at G1, positive at G1/S and has no effect
at S. (Figure 4C). In Caki-2 trilodothyronine regulates
expression negatively at G1 and G1/S and positively At S.
In Caki-1 triiodothyronine causes rise of mRNA level,
with diminishing effect over the cell cycle.

Triiodothyronine regulation of TR} expression is different
in cancerous cell lines than in HK2 line, supporting the
hypothesis that TRs is disturbed in ccRCC.

In HK2 cells cultured without triiodothyronine level of
TRa. mRNA rises during cell cycle progression (G1:0,7 +
0,04; G1/S:1,2 + 0,06; S:1,5 + 0,08) (Figure 4D). In Caki-
2, differently than in HK2, level of TRo. mRNA drops dur-
ing cell cycle progression (G1:1,0 + 0,05; G1/S:0,5 + 0,02;
S:0,2 £ 0,01). In Caki-1 the level of TRo. mRNA was gener-
ally higher than in the other cell lines, with significant rise
at G1/S and drop at S (G1:1,6 + 0,08; G1/S:4,6 + 0,23;
S$:2,3+0,12).

In the presence of T3 level of TRo. mRNA In HK2 drops at
G1/S and rises at S (G1:5,1 + 0,26; G1/S:3,9 + 0,20; S:20,0
+ 1,00). In Caki-2 mRNA of this receptor was higher than
in HK2 and diminishes during cell cycle progres-
sion(G1:1,8 + 0,09; G1/S:1,3 + 0,07; S:0,2 + 0,01). In
Caki-1 level of TRoo mRNA rises at G1/S and drops at S
(Figure 4E).

In all cell lines triiodothyronine causes rise of TRo. mRNA
level (Figure 4F).

In cells cultured without triiodothyronine expression pro-
file of TRa is different than in Caki-2 and Caki-1 lines,
suggesting that THRA expression is also disturbed in
ccRCC. In the presence of T3 in HK2 and Caki-2 expres-
sion pattern of TRa. was opposite, once again suggesting
disturbances of TR regulation and expression in ccRCC.

Expression E2F4 and E2F5

In HK2 cells cultured without triiodothyronine, level of
E2F4 mRNA in G1/S was lower than In G1 and raised 10
folds in S (15,81 + 0,80)(Figure 5A). In Caki-2 cells level
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of E2F4 mRNA was decreasing during cell cycle progres-
sion (G1: 4,96 + 0,25; G1/S3,64 + 0,18; S: 1,87 + 0,09)
and was statistically higher than in HK2 at G1 and G1/S
and lower at S. Level of E2F4 mRNA in Caki-1 cells was
increasing during cell cycle progression.

In the presence of triiodothyronine level of E2F4 mRNA
in HK2 cells remains unchanged at G1 and G1/S (27,1 +
1,36; 26,5 + 1,32 p> 0.05) and decreases at S (9,7 + 0,48).
(Figure 5B). In cancerous line Caki-2 E2F4 mRNA level
was decreasing during cell cycle progression (G1: 21,1 +
1,01 G1/S:6,7 + 0,34 S:2,9 + 0,14). Caki-1 at G1 (90,5 +
4,60) E2F4 mRNA level was higher than in HK2 and Caki-
2, drops at G1/S (21,0 £ 1,05) and raises at S (38,1 +
1,91).

In HK2 cells triiodothyronine causes raise of E2F4 level at
G1 and G1/S and drop at S. In Caki-2 T3 stimulates
expression of E2F4 mRNA, this effect is weakening with
cell cycle progression. In Caki-1 triiodothyronine effects at
G1 and S were stronger than in other cell lines.(Figure
5C).

Lower proliferation of HK2 cells could be attributed to the
higher level of E2F4. Lower level of E2F4 in Caki-2 and
Caki-1 lines is similar to that observed in breast [31] and
thyroid cancer [32]. In Caki-2 level of E2F4 mRNA
decreases during cell cycle progression it may result in
faster proliferation - E2F4 is known as an inhibitor of pro-
liferation. Lower level of E2F4 in the presence of T3 and
its drop during the cell cycle explain faster proliferation of
that cell line. Higher level in Caki-1 is hard to explain, but
it is known that in gastric cancers mutations of E2F4 were
observed [33]. For proper interpretation of those results
assessment of p107 and p130 levels is also important.
Effects of T3 on triiodothyronine expression were similar
in all cell lines, however slightly weaker in Caki-1.

In HK2 cells cultured without triiodothyronine E2F5
mRNA level raises during cell cycle progression (G1:0,87
+ 0,04; G1/S:2,81 + 0,014; S:6,93 £ 0,35). Caki-2 cells at
G1(9,68 + 0,48) and S (5,43 £ 0,21) points has higher
level of E2F5 mRNA than in HK2. At those cells level of
that mRNA drops almost two-fold at G1/S. In Caki-1 E2F5
mRNA level was higher than in other cell lines (G1:11,05
+0,55; G1/S:18,83 + 0,94; S:9,25 + 0,46). (Figure 5D).

In the presence of triiodothyronine in HK2 cells level of
E2F5 mRNA falls two-times at G1/S and rises at S (G1:5,1
+0,25; G1/S:3,2 + 0,16; S: 6,6 + 0,33) (Figure 5E). Similar
changes were observed in Caki-2 cells, in Caki-1 cells, at
G1 E2F5 mRNA level was higher than in other cell lines,
with rise during G1/S and drop at S.
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Figure 5

Expression of E2F4 and E2F5 mRNA. A) Expression of E2F4 in cells cultured without triiodothyronine B) Expression of
E2F4 in cells cultured with 100 nM triiodothyronine C) Changes in E2F4 mRNA expression caused by 100 nM triiodothyronine
D) Expression of E2F5 in cells cultured without triiodothyronine E) Expression of E2F5 in cells cultured with 100 nM triio-
dothyronine F) Changes in E2F5 mRNA expression caused by 100 nM triiodothyronine.

Triiodothyronine causes stimulation of E2F5 expression
in HK2 and this effect was strongest at G1. In Caki-2 at G1
and G1/S triiodothyronine represses E2F5 mRNA expres-
sion, stimulation observed at S was weaker than in HK2.
Effects of triitodothyronine in Caki-1 were similar to those
observed in HK2 (Figure 5F).

According to the literature [34] higher level of E2F5
mRNA observed in cancer cell lines, should result in pro-
liferation inhibition, but such effect was never observed.
In breast cancer amplification of E2F5 gene was observed

[35]. Negative regulation of E2F5 expression by triio-
dothyronine in Caki-2 could be a reason of faster prolifer-
ation observed in that cell line.

Expression of p107 and p130

Densitometric analysis of immunoblots revealed that in
nuclear extracts from HK2 cells cultured without T3 level
of p107 was decreasing during cell cycle progression
(G1:1716 + 200; G1/S:1525 + 100; S:1254 + 79) (Figure
6B). In Caki-2 level of p107 protein at G1 (1478 + 100)
was lower than in HK2, and differently than in HK2 rises

Page 9 of 13

(page number not for citation purposes)



Thyroid Research 2008, 1:5

http://www.thyroidresearchjournal.com/content/1/1/5

A Caki-2 Caki-1
Gl | G1/S S Gl | G1/S S
T3 T3 T3
p107
[-actin
3500
[ @HK-2 B Caki-2 B Caki-1_| 3000
3000 | OHK-2  @mCaki-2  mCaki-l
2500
2500 —
iz $ T 2000
= £ 2000 £5
gz £ 2 1500
£E 1500 5 £
5= ~ 3
% 1000 %_.E.WUD
500 500
i} o
B G1S S C
1000 1
D HK:2 a Caki2 B Caki1
i
- o
§z
i
== 1po = -
)
£e
5L
D 010
G1 G123 =3

Figure 6

Level of pl07 protein. A) Representative immunoblots B) mean levels of pl07 in cells cultured without triiodothyronine C)
mean levels of pl107 in cells cultured with 100 nM triiodothyronine D) Changes of pl07 protein level caused by 100 nM triio-

dothyronine.

at G1/8(2679 + 187) and drops at S (1929 + 138). In Caki-
1 p107 protein level at G1 (1545 + 150) was similar to
Caki-1, at G1/S also rises (2208 + 135) but raise was
weaker, at (1871 + 220 p107 protein level was similar to
that observed in Caki-2).

In the presence of triiodothyronine p107 protein level
doubles at G1/S and drops at S (G1:742 + 100; G1/S:1626
+ 170; S:1207 + 97)(Figure 6C). In Caki-2 at G1 (1415 =+
150) p107 protein level was two fold higher than in HK2,
dropped at G1/S(344 + 28) and raised at S (2195 + 120).
In Caki-1 like in Caki-2, higher than in HK2 level of p107

protein was observed, changes in this protein level was
similar to Caki-2.

In HK2 cells triiodothyronine causes drop of p107 level at
G1 and has almost no effect at other parts of cell cycle(Fig-
ure 6D). In Caki-2 T3 has no effects at G1, but at G1/S
causes nine fold drop of p107 level. In Caki-1 at G1 (sim-
ilar to HK2) trilodothyronine causes drop of p107 protein
level and at G1/S (similar to Caki-2) causes fall of p107
protein level.

In Caki-2 and Caki-1 cell lines level of p107 was higher
than in HK2, similar to colon cancer [36]. In the presence
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of T3 level of p107 in HK2 at G1/S is higher than in Caki-
2 and Caki-1 cell lines. Lowered protein level in cancerous
cell lines could be reason of faster proliferation. Triio-
dothyronine caused huge decrease of p107 protein level at
G12/S what is probably the reason of stimulatory effect of
T3 on Caki-2 and Caki-1 cells proliferation.

In HK2 cells cultured without triiodothyronine p107
mRNA was raising during cell cycle progression (G1:0,33
+ 0,016; G1/S:0,42 + 0,021; S:1,38 + 0,069). In Caki-2

http://www.thyroidresearchjournal.com/content/1/1/5

mRNA level also increases during cell cycle progression
(G1:0,86 + 0,043 G1/S:0,99 + 0,049 S:1,50 + 0,075) p107
mRNA level was at G1 and G1/S higher than observed in
HK2. In Caki-1 level of p107 mRNA was lower than in
other lines, but also rises during cell cycle progression
(G1:0,07 + 0,003 G1/S:0,21 + 0,010 S:0,57 + 0,028) (Fig-
ure 7A).

In the presence of triiodothyronine level of p107 mRNA
was rising during the cell cycle progression with peak at
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Figure 7

Expression of pl07 and pl130 mRNA. A) Expression of pl07 in cells cultured without triiodothyronine B) Expression of
p107 in cells cultured with 100 nM triiodothyronine C) Changes in pl07 mRNA expression caused by 100 nM triiodothyronine
D) Expression of pl130 in cells cultured without triiodothyronine E) Expression of p130 in cells cultured with 100 nM triio-
dothyronine F) Changes in pl30 mRNA expression caused by 100 nM triiodothyronine.
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G1/Sand S (G1:1,09 + 0,055; G1/S:1,34 + 0,067; S:1,39 +
0,068) (Figure 7B). In Caki-2 enormous drop of mRNA
p107 level was observed at G1/S (G1:1,72 + 0,085; G1/
S:0,17 £ 0,08) and rise at S (0,86 + 0,044). In Caki-1 level
of p107 mRNA was rising at G1/S and declining at S
(G1:0,60 + 0,030; G1/S:1,03 + 0,52; S:0,66 + 0,033). Both
cancerous cell lines has lower level of p107 than HK2
(except G1 in Caki-2).

In HK2 triiodothyronine stimulates expression of p107
mRNA at G1 and G1/S, has no effect at S. In Caki-2 triio-
dothyronine causes rise of p107 mRNA level at G1, but at
G1/S an S T3 has negative effect on this mRNA expression.
In Caki-1 effects of T3 were similar to those observed in
HK2 (Figure 7C).

Higher level of p107 mRNA observed in the presence of
T3 in HK2 cells is probably reason of lower proliferation
due to repressing effects of CERC and inhibition of
cyclinE/cdk2 complexes. Reduced p107 mRNA level
observed in Caki-2 is reason of faster proliferation. Triio-
dothyronine causes enormous drop of p107 mRNA level
in Caki-2 cells which could stand for the proproliferative
effects of T3.

Level of p130 mRNA in HK2 cells cultured without T3 was
diminished at G1/S and doubled at S (G1:0,53 + 0,026;
G1/8:0,44 £ 0,021; S:1,22 + 0,059) (Figure 7D). In Caki-2
level of p130 mRNA at G1 was two fold higher than In
HK2, and rises during cell cycle progression (G1:0,32 +
0,016; G1/S: 0,43 + 0,021; S:0,77 + 0,039). In Caki-1
mRNA p130 level at G1 was lower than in other cell lines
and was rising in cell cycle progression (G1:0,21 + 0,010;
G1/S:0,90 + 0,044; S:2,55 + 0,120).

In the presence of T3 in HK2 cells level of p130 mRNA was
unchanged at G1 and G1/S (G1:1,61 £ 0,09; G1/S: 1,59 +
0,07 p > 0,05) and decreases at S (5:0,89 + 0, 041) (Figure
7E). In Caki-2 p130 mRNA level was lower than in HK2,
In G1/S level of this mRNA drops five fold at G1/S and
rises at S (G1:0,75 + 0,03; G1/S: 0,16 + 0,007; S:0,41 +
0,003). In Caki-1 p130 mRNA level was higher than In
HK2 and Caki-2 cell lines, and rises at G1/S and decreases
at$S (G1:2,77 £0,149; G1/S: 3,33 £ 0,166; S:2,90 + 0,150).

In HK2 triiodothyronine stimulates expression of p130
mRNA at G1 and G1/S and causes repression at S. In Caki-
2 cells at G1 triiodothyronine stimulates expression, but
in G1/S causes drop of mRNA level, effect At S was strong-
est than in HK2. In Caki-1 stimulates expression of p130
at all investigated parts of cell cycle(Figure 7F).

Higher than in Caki-2 level of p130 observed in HK2
could be one of the reasons of slower proliferation of HK2
cells. Lowered level of p130 was also observed in ovarian

http://www.thyroidresearchjournal.com/content/1/1/5

and endometrial cancer [37,38]. In the presence of T3
level of p130 was also higher in HK2 than in Caki-2, and
like with p107 huge decrease of mRNA at G1./S in Caki-2
line was observed. Those two facts are probably the reason
of slower HK2 and faster Caki-2 proliferation. The most
important effect of triiodothyronine seems to be down-
regulation of p130 mRNA observed at G1/S in Caki-2
cells. That is probably the reason of different effects of T3
observed in HK2 and Caki-2.

Conclusion

HK2 cell line proliferates slower than Caki-2 and Caki-1
lines. Those differences in cells cultured without triio-
dothyronine are result of lower E2F4 mRNA level in Caki-
2 and Caki-1 line, and lower p130 level in Caki-2 line. In
the presence of T3 faster proliferation of ccRCC cells is
result of lower E2F4 level which drops during cell progres-
sion, drop of p107 at G1/S, lower p130 and decrease of its
mRNA level with cell cycle progression.

Triiodothyronine has opposite effects on proliferation of
HK2 and Caki-2, Caki-1 cells. It inhibits proliferation of
proximal tubules cells and stimulates cancer cells prolifer-
ation. Those phenomena could be explained by Caki-2
negative regulation of E2F5, p107 and p130 expression
and decrease in p107 protein level, or limited to Caki-1
negative regulation of p130 expression.

The differences could be to some extent attributed to the
expression pattern of TR in different cell lines, however
this hypothesis needs more detailed investigation.

In our opinion the results could help to understand role
of T3 in ccRCC, and partially answer the question of
changes in regulation of proliferation of cancer cells
caused by disturbances in T3 signaling pathway.

Abbreviations

CERC: cyclin E repressor motif; CERM: cyclin E repressor
complex; ccRCC: clear cell renal cell carcinoma; TR: thy-
roid hormone receptor; TH: thyroid hormone; T3: triio-
dothyronine.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

PP performance of experiments, participated in its design
and helped to draft the manuscript. AN conceived of the
study, and participated in its design and coordination and
helped to draft the manuscript. All authors read and
approved the final manuscript.

Acknowledgements
This work was supported by the Polish State Committee for Scientific
Research grant 2PO5A 29 29. The results were partially presented in 2007

Page 12 of 13

(page number not for citation purposes)



Thyroid Research 2008, 1:5

at EMBO Workshop Molecular Mechanisms of Cell Cycle Control in Nor-
mal & Malignant Cells. 5-8 October, Spetses, Greece.

References

20.

Puzianowska-Kuznicka M, Pietrzak M, Turowska O, Nauman A: Thy-
roid hormones and their receptors in the regulation of cell
proliferation. Acta Biochim Pol 2006, 53(4):641-50.

Oetting A, Yen PM: New insights into thyroid hormone action.
Best Practice and Research. Clinical Endocrinology and Metabolism 2007,
21:193-208.

Nygard M, Wahlstrom GM, Gustafsson MV, Tokumoto YM, Bondes-
son M: Hormone-dependent repression of the E2F-1 gene by
thyroid hormone receptors. Mol Endocrinol; 2003, 17:79-92.
Porlan E, Vega S, Iglesias T, Rodriguez-Pena A: Unliganded thyroid
hormone receptor betal inhibits proliferation of murine
fibroblasts by delaying the onset of the Gl cell-cycle signals.
Oncogene 2004, 23(54):8756-65.

Porlan E, Vidaurre OG, Rodriguez-Pena A: Thyroid hormone
receptor-beta (TR beta |) impairs cell proliferation by the
transcriptional inhibition of cyclins DI, E and A2. Oncogene
2008, 27(19):2795-800.

Sardet C, Vidal M, Cobrinik D, Geng Y, Onufryk C, Chen A, Wein-
berg RA: E2F-4 and E2F-5, two members of the E2F family,
are expressed in the early phases of the cell cycle. Proc Natl
Acad Sci USA 1995, 92(6):2403-7.

Cobrinik D: Pocket proteins and cell cycle control. Oncogene
2005, 24(17):2796-2809.

Le Cam L, Polanowska ], Fabbrizio E, Olivier M, Philips A, Ng Eaton E,
Classon M, Geng Y, Sardet C: Timing of cyclin E gene expression
depends on the regulated association of a bipartite repressor
element with a novel E2F complex. EMBO | 1999,
18(7):1878-90.

Genovese C, Trani D, Caputi M, Claudio PP: Cell cycle control and
beyond: emerging roles for the retinoblastoma gene family.
Oncogene 2006, 25(38):5201-9.

Klatte T, Pantuck A, Kleid MD, Belldegrun AS: Understanding the
natural biology of kidney cancer: implications for targeted
cancer therapy. Rev Urol 2007, 9(2):47-56.

Young AN, Dale ], Yin-Goen Q, Harris WB, Petros JA, Datta MW,
Wang MD, Marshall FF, Amin MB: Current trends in molecular
classification of adult renal tumors. Urology 2006, 67:873-880.
Nauman A, Nauman J, Pietrzykowski A, Lazecki D, Dutkiewicz S,
Tanski Z, Wieteska A, Kauczak M: The low T3 syndrom in
patients with kidney cancer diferentation. Endokrynologia Polska
1996, 47:365-374.

Pachucki J, Ambroziak M, Tanski Z, £uczak ], Nauman J, Nauman A:
Type | 5'-deiodinase activity and mRNA is remarkebly
reduced in renal clear cell carcinoma. Eur | Endocrinol Invest
2001, 24:253-260.

Puzianowska-Kuznicka M, Nauman A, Madej A, Tanski Z, Cheng S,
Nauman J: Expression of thyroid hormone receptors is dis-
turbed in human renal clear cell carcinoma. Cancer Lett; 2000,
155:145-52.

Turowska O, Nauman A, Pietrzak M, Poplawski P, Master A, Nygard
M, Bondesson M, Tanski Z, Puzianowska-Kuznicka M: Overexpres-
sion of E2F | in Clear Cell Renal Cell Carcinoma: A Potential
Impact of Erroneous Regulation by Thyroid Hormone
Nuclear Receptors. Thyroid 2007, 17(11):1039-48.

Kamiya Y, Puzianowska-Kuznicka M, McPhie P, Nauman J, Cheng SY,
Nauman A: Expression of mutant thyroid hormone nuclear
receptors is associated with human renal clear cell carci-
noma. Carcinogenesis 2002, 23:25-33.

Nauman A, Turowska O, Poplawski P, Master A, Tanski Z, Puzian-
owska-Kuznicka M: Elevated cyclin E level in human clear cell
Renal Cell Carcinoma: possible causes and consequences.
Acta Biochim Pol 2007, 54:595-602.

Sherr CJ: The Pezcoller lecture: cancer cell cycles revisited.
Cancer Res 2000, 60(14):3689-95.

Hedberg Y, Davood E, Roos G, Liungberg B, Landberg G: Cyclin E
and p27 protein content in human renal cell carcinoma: Clin-
ical autcome and associations with cyclin D. Int | Cancer 2002,
102:601-607.

Fan S, Smith ML, Rivet DJ, Duba D, Zhan Q, Kohn KW, Fornace AJ,
O'Connor PM: Disruption of p53 function sensitizes breast

21.

22.

23.

24.

25.

26.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

http://www.thyroidresearchjournal.com/content/1/1/5

cancer MCF-7 cells to cisplatin and pentoxifylline. Cancer Res
1995, 55(8):1649-54.

Kane FK, Langman MJS, Williams GR: Antiproliferative responses
of two human colon cancer cell lines to vitamin D3 are differ-
entially modified by 9-cis retinoic acid. Cancer Res 1996,
56(3):623-32.

Larsson P, Roos G, Stenling R, Ljungberg B: Proliferation of human
renal cell carcinoma studied with in vivo iododeoxyuridine
labelling and immunohistochemistry. Scand | Urol Nephrol 1996,
30(6):445-50.

DeFesi Ch, Fels E, Surks MI: Triiodothyronine stimulates growth
of cultured GC cells by action early in G| period. Endocrinology
1984, 114(1):293-295.

Malik R, Mellor N, Selden C, Hodgson H: Triiodothyronine
enhances the regenerative capacity of the liver following
partial hepatectomy. Hepatology 2003, 37:79-86.

Ohmura T, Katyal SL, Locker ], Ledda-Columbano GM, Columbano
A, Shinozuka H: Induction of cellular DNA synthesis in the pan-
creas and kidneys of rats by peroxisome proliferators, 9-cis
retinoic acid, and 3,3',5-triiodo-L-thyronine. Cancer Res; 1997,
57:795-8.

Bassett JH, Harvey CB, Williams GR: Mechanisms of thyroid hor-
mone receptor-specific Nuclear And Extra Nuclear Actions.
Mol Cell Endocrinol 2003, 213(1):1-11.

Garcia-Silva S, Perez-Juste G, Aranda A: Cell cycle control by the
thyroid hormone in neuroblastoma cells. Toxicology 2002,
182:179-82.

Gonzalez-Sancho |M, Figueroa A, Lopez-Barahona M, Lopez E, Beug
H, Munoz A: Inhibition of proliferation and expression of T1
and cyclin DI genes by thyroid hormone in mammary epi-
thelial cells. Mol Carcinog 2002, 34:25-34.

Maruvada P, Dmitrieva NI, East-Palmer J, Yen PM: Cell cycle-
dependent expression of thyroid hormone receptor-beta is a
mechanism for variable hormone sensitivity. Mol Biol Cell 2004,
15(4):1895-903.

Davis PJ, Davis FB, Lin HY: Promotion by thyroid hormone of
cytoplasm-to-nucleus shuttling of thyroid hormone recep-
tors. Steroids 2008, 73(9-10):1013-7.

Ho GH, Calvanol JE, Bisognal M, Van Zee K]: Expression of E2F-
| and E2F-4 is reduced in primary and metastatic breast car-
cinomas. Breast Cancer Research and Treatment 2001, 69:115-122.
Onda M, Nagai H, Yoshida A, Miyamoto S, Asaka S, Akaishi J, Takatsu
K, Nagahama M, Ito K, Shimizu K, Emi M: Up-regulation of tran-
scriptional factor E2FI in papillary and anaplastic thyroid
cancers. | Hum Genet 2004, 49(6):312-8.

Soum RF, Yin J, Smolinski KN, Zou TT, Wang S, Ying-Qiang SM, Rhyu
MG, Cottrell |, Abraham |JM, Biden K, Simms L, Leggett B, Bova GS,
Frank T, Powell SM, Sugimura H, Young J, Harpaz N, Shimizu K, Mat-
subara N, Meltzer §): Frequent Mutation of the E2F-4 Cell
Cycle Gene in Primary Human Gastrointestinal Tumors.
Cancer Research 1997, 57:2350-2353.

Frolov MV, Huen DS, Stevaux O, Dimova D, Balczarek-Strang K,
Elsdon M, Dyson NJ: Functional antagonism between E2F fam-
ily members. Genes & Dev 2001, 15(16):2146-2160.
Polanowska J, Le Cam L, Orsetti B, Vallés H, Fabbrizio E, Fajas L, Tavi-
aux S, Theillet C, Sardet C: Human E2F5 gene is oncogenic in
primary rodent cells and is amplified in human breast
tumors. Genes Chromosomes Cancer 2000, 28(1):126-30.

Waua F, Lib JQ, Mikib H, Nishiokaa M, Fujitac J, Ohmorib M, Imaidab
K, Kuriyamaa S: pl07 Expression in colorectal tumours rises
during carcinogenesis and falls during invasion. European Jour-
nal of Cancer 2002, 38(14):1838-48.

Caputi M, Groeger AM, Esposito V, De Luca A, Masciullo V, Mancini
A, Baldi F, Wolner E, Giordano A: Loss of pRb2/p130 Expression
Is Associated with Unfavorable Clinical Outcome in Lung
Cancer. Clinical Cancer Research 2002, 8:3850-3856.

Sanseverino F, Santopietro R, Torricelli M, D'Andrilli G, Russo G,
Cevenini G, Bovicelli A, Leoncini L, Scambia G, Petraglia F, Claudio PP,
Giordano A: pRb2/p130 and VEGF expression in endometrial
carcinoma in relation to angiogenesis and histopathologic
tumor grade. Cancer Biol Ther 2006, 5(1):84-8.

Page 13 of 13

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17115080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17115080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17115080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12511608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12511608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15467737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15467737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18037966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18037966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18037966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7892279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7892279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15838516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10202151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10202151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10202151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16936738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16936738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17592537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17592537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17592537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16698345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16698345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11383912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11383912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11383912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10822129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10822129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17910524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17910524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17910524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11756220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11756220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11756220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17726548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17726548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10919634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12448001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12448001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12448001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7712469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7712469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8564982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8564982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8564982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9008023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9008023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9008023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6690274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6690274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12500192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12500192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12500192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9041172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9041172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9041172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15062569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15062569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12112320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12112320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12112320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14767065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14767065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14767065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18329679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18329679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18329679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11759817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11759817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11759817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15118916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15118916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15118916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9192806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9192806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11511545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11511545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10738311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10738311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10738311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12204665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12204665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16357517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16357517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16357517

	Abstract
	Background
	Methods
	Results and Conclusion

	Background
	Methods
	Cell culture, maintenance, synchronization, and flow cytometric assay
	Isolation of cell lysates
	Isolation of nuclear protein
	Western blot analysis
	RNA isolation
	Real-time PCR
	Statistical analysis

	Results and Discussion
	Proliferation and cell cycle
	Expression of thyroid hormone nuclear receptors
	Expression E2F4 and E2F5
	Expression of p107 and p130

	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References

