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Abstract

v

SU6656 is a small-molecule indolinone that
selectively inhibits Src family kinase and induces
death of cancer cells. The aim of the present
study was to investigate the influence of SU6656
on cell survival and to assess the role of p21
and PI3K/Akt signaling in cell survival resulting
from SU6656 treatment in anaplastic thyroid
carcinoma (ATC) cells. When 8505C, CAL62, and
FRO ATC cells were treated with SU6656, the
viability of 8505C and CAL62 ATC cells decreased
only after treatment with SU6656 at a dosage of
100uM for 72 h, while the viability of FRO ATC
cells decreased after treatment with SU6656
in a concentration- and time-dependent man-
ner. Cell viability was not changed by pretreat-
ment with the broad-spectrum caspase inhibitor

z-VAD-fmk. Phospho-Src protein levels were
reduced, and p21 protein levels were elevated.
Phospho-ERK1/2 protein levels were multiplied
without alteration of total ERK1/2, total Akt, and
phospho-Akt protein levels. Regarding FRO ATC
cells, the decrement of cell viability, the incre-
ment of cleaved PARP-1 protein levels, and the
decrement of phospho-Src protein levels were
shown in p21 siRNA- or LY294002-pretreated
cells compared to SU6656-treated control cells.
ERK1/2 siRNA transfection did not affect cell
viability and protein levels of cleaved PARP-1,
p21, and Akt. In conclusion, these results suggest
that SU6656 induces caspase-independent death
of FRO ATC cells by overcoming the resistance
mechanism involving p21 and Akt. Suppression
of p21 and Akt enhances the cytotoxic effect of
SU6656 in FRO ATC cells.

Introduction

v

Anaplastic thyroid carcinoma (ATC) is a high-grade
malignant neoplasm of the thyroid gland present-
ing with extrathyroidal invasion and distant
metastasis [1-3]. Clinically significant improve-
ment of the survival rate in ATC has not been
achieved despite multimodal strategies, and new
therapeutic agents are under exploration [1-3].
Src family kinase (SFK) is a multifunctional tyro-
sine kinase that regulates survival, growth, and
proliferation [4-6]. SFK exerts a protumorigenic
effect via multiple signalings, and is overex-
pressed and/or activated in various malignancies
[4-8]. Aberrant activation of SFK is associated
with thyroid carcinoma invasiveness [9].
SU6656, a small-molecule indolinone, induces
cell death in both nonmalignant and malignant
cells by selectively inhibiting SFK[10, 11]. SU6656
suppresses growth, motility, invasion, angiogen-
esis through dual blockade of both SFK and
Aurora kinase in synovial sarcoma cells [12].
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However, the effect of SU6656 on cell survival in
ATC cells has not been evaluated.

p21/WAF1 modulates survival and growth via a
p53-dependent or -independent pathway [13].
p21 mediates cell cycle arrest by impediment of
p53-dependent cyclin dependent kinases, while
it represses cell death by hindrance of p53-
dependent or -independent pathway [13]. p21 is
present in 40% of patients with papillary thyroid
carcinoma (PTC), 7% of patients with poorly dif-
ferentiated thyroid carcinoma, and 0% of patients
with ATC, and its levels are reduced in PTC cells
which have a tendency to undergo early metasta-
sis [14,15]. Even though changes in p21 caused
by some agents are related to survival of human
cancer cells, the relationship of p21 with cell sur-
vival in SU6656-treated ATC cells has not been
clarified [16-18].

PI3K/Akt signaling is involved in the control of
multiple cellular processes including survival,
growth, proliferation, differentiation, and migra-
tion [19]. It plays pivotal roles in insulin/IGF-1-
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mediated cell cycle progression and cell growth in FRTL5 thyroid
cells [20]. PI3K/Akt signaling is deregulated in ATC cells, and
Akt1 is activated in most ATC patients [21,22]. We reported
recently that CCAAT/enhancer-binding protein-homologous
protein augments cytotoxicity in vascular endothelial cell
growth factor receptor (VEGFR) inhibitor-treated FRO ATC cells
by modulating p21 and PI3K/Akt signaling, suggesting that p21
and Akt are associated with resistance to cell death [23]. SFK
regulates PI3K/Akt signaling by altering PTEN [24]. Although
SU6656 inhibits Akt activation in human cancer cells, the rele-
vance of PI3K/Akt signaling to cell survival in SU6656-treated
ATC cells has not been verified [25].

The aim of the present study was to investigate the influence of
SU6656 on cell survival and to assess the role of p21 and PI3K/
Akt signaling in cell survival resulting from SU6656 treatment in
ATC cells.

Materials and Methods

v

Materials

DMEM medium, RPMI1640 medium, and fetal bovine serum
(FBS) were obtained from Life Technologies (Gaithersburg, MD,
USA). SU6656 and the broad-spectrum caspase inhibitor z-VAD-
fmk were purchased from Sigma (St. Louis, MO, USA), and stored
as stock solution with dimethyl sulfoxide (10 mM/ml). Primary
antibodies raised against cleaved PARP-1, total Src and phospho-
Src (Tyr416), total ERK1/2 and phospho-ERK1/2 (Thr202/
Tyr204), and B-actin were obtained from Cell Signaling Biotech-
nology (Danvers, MA, USA), and primary antibodies raised
against p21, total Akt and phospho-Akt (Ser473) from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). Horseradish peroxi-
dase-conjugated anti-rabbit and anti-mouse secondary antibod-
ies were purchased from Vector Labs (Burlingame, CA, USA). All
other reagents were obtained from Sigma unless otherwise
stated.

Cell culture

8505C ATC cells and CAL62 ATC cells were purchased from DSMZ
GmbH (Braunschweig, Germany), and FRO ATC cells were pro-
vided by Professor Young Joo Park (Division of Endocrinology
and Metabolism, Seoul National University, Republic of Korea).
8505C and CAL62 ATC cells were grown in DMEM medium sup-
plemented with 10% heat-inactivated FBS and 1% streptomycin/
penicillin. FRO ATC cells were grown in RPMI 1640 medium sup-
plemented with 10% heat-inactivated FBS and 1% streptomycin/
penicillin. Cells received fresh medium at regular intervals.
Treatments and experiments were performed using cells that
were confluent at 50-70%.

CCK-8 assay

The experiment was carried out using CCK-8 Assay Kit (Dojindo
laboratories, Kumamoto, Japan). Cells (5x103/100ul) in 96-well
plates were incubated for overnight, and treated for an addi-
tional 4h at 37 °C. Absorbance was measured at 450 nm using a
spectrophotometer (Molecular Devices, Palo Alto, CA, USA). Cell
viability (%) was calculated according to the following equation:
Cell viability (%)=[0D450 (sample)/0D450 (control)x 100]. The
absorbance of 5 wells for each experiment was averaged. All
experiments were performed in triplicate.
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Trypan blue assay

Cells (1x10%/500ul) in 12-well plates were incubated, and mixed
with trypan blue dye at 37 °C. Stained cells were counted using
hemocytometer. All experiments were carried out in triplicate.

Transfection of small interfering RNA (siRNA)
ERK1/2-specific siRNA was purchased from Cell Signaling Bio-
technology, and p21-specific siRNA from Bioneer (Daejeon,
Republic of Korea). At 50% confluence, cells were transfected
with siRNA using Lipofectamine 2000 Reagent (Invitrogen,
Carlsbad, CA, USA) according to manufacturer’s protocol. Trans-
fection efficiency was tested by Western blotting.

Western blotting

Cells were lysed in RIPA buffer containing 1x protease inhibitor
cocktail and 1x phophatase inhibitor cocktail set V (Calbiochem,
La Jolla, CA, USA). Protein concentrations were determined by
bicinchoninic acid assay (Pierce, Rockford, IL, USA). Equivalent
amounts of protein (50ug) were separated by 10% SDS-PAGE,
and transferred to Immobilon-P Membrane (Millipore, Bedford,
MA, USA). Western blotting was performed using specific pri-
mary antibodies and horseradish peroxidase-conjugated anti-
rabbit and anti-mouse secondary antibodies. The diluted
concentrations of primary antibodies were as follows: cleaved
PARP-1 (1:1000), total Src and phospho-Src (1:1000), p21
(1:500), total ERK1/2 and phospho-ERK1/2 (1:1000), total Akt
and phospho-Akt (1:1000), and B-actin (1:1000). Bands were
detected using ECL or ECL Plus Western Blotting Detection Sys-
tem (Amersham Biosciences, Buckinghamshire, UK). B-Actin
was used as positive control. All reactions were carried out in
triplicate.

Statistical analysis

All data are expressed as mean+SE. Data were analyzed by
unpaired Student’s t-test or ANOVA as appropriate. A p-value
less than 0.05 was considered to be statistically significant. All
analyses were performed using SPSS version 10.0 (SPSS, Chicago,
IL, USA).

Results

v

SU6656 induces caspase-independent cell death in ATC
cells

To evaluate the effect of SU6656 on cell survival in 8505C, CAL62,
and FRO ATC cells, the cells were treated with SU6656 at a dos-
age of 10, 20, 50, 100uM for 24, 48, 72 h, respectively, and cell
viability was measured (© Fig. 1a, b). The viability of 8505C and
CAL62 ATC cells decreased only after treatment with SU6656 at
a dosage of 100uM for 72 h. In contrast, the viability of FRO ATC
cells decreased after treatment with SU6656 in a concentration-
and time-dependent manner.

To define the dependency of SU6656-induced cell death on acti-
vation of caspases, cells were pretreated with z-VAD-fmk (50 uM,
1h) followed by treatment with SU6656 at a dosage of 100uM
for 72 h, and cell viability was measured (© Fig. 1c, d). The via-
bility of SU6656-treated cells was not affected by pretreatment
with z-VAD-fmk.

SU6656 regulates p21, Akt, and ERK in ATC cells
To investigate the influence of SU6656 on Src in 8505C, CAL62,
and FRO ATC cells, the cells were treated with SU6656 at a dos-
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Fig. 1 The effect of SU6656 on cell survival and activation of caspases in 8505C, CAL62, and FRO ATC cells. a, b The cells were treated with SU6656 at a
dosage of 10, 20, 50, 100 pM for 24, 48, 72 h, respectively. Cell viability was measured using CCK-8 and trypan blue assay. ¢, d Cells were pretreated with
z-VAD-fmk (50 uM, 1h) before SU6656 treatment at a dosage of 100 uM for 72 h. Cell viability was measured using CCK-8 and trypan blue assay. All experi-
ments were performed in triplicate. Data are expressed as mean+SE. *p<0.05 vs. control at 24 h. **p<0.05 vs. control at 48 h. ***p<0.05 vs. control at

72h. 7p<0.05 vs. control.
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Fig. 2 The relationship of SU6656 with Src, p21, Akt, ERK in 8505C,
CAL62, and FRO ATC cells. The cells were treated with SU6656 at a dosage
of 100 uM for 72 h. a Src and p21 protein levels were measured. b Akt and
ERK1/2 protein levels were measured. All experiments were performed in
triplicate. The blots are representative of independent experiments.

age of 100uM for 72h, and Src protein levels were measured
(© Fig. 2a). As a result of SU6656 treatment, phospho-Src pro-
tein levels were reduced, whereas total Src protein levels were
unchanged. Next, to clarify the relationship of SU6656 with p21,
cells were treated with SU6656 at a dosage of 100uM for 72h,
and p21 protein levels were measured (¢ Fig. 2a). After SU6656
treatment, p21 protein levels were not altered in 8505C and
CAL62 ATC cells, while these were elevated in FRO ATC cells.

To verify the relevance of SU6656 to Akt and ERK, they were
treated with SU6656 at a dosage of 100 uM for 72 h, and Akt and
ERK1/2 protein levels were measured (¢ Fig. 2b). Under SU6656
treatment, Akt and ERK1/2 protein levels were not varied in
8505C and CAL62 ATC cells, whereas only phospho-ERK1/2 pro-
tein levels were multiplied without change of total ERK1/2, total
Akt, phospho-Akt protein levels in FRO ATC cells.

Suppression of p21 and Akt enhances SU6656-induced
cell death in FRO ATC cells

Further experiments in which FRO ATC cells were treated with
SU6656 at a dosage of 50uM for 72 h were performed. To deter-
mine whether p21 and Akt are involved in SU6656-induced cell
death, p21 siRNA (100nM, 24 h) and the Akt inhibitor LY294002
(100uM, 1h) were pretreated before SU6656 treatment. Cell
viability (¢ Fig. 3a, b), and cleaved PARP-1 and Src protein levels
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Fig. 3 The involvement of p21 and Akt in SU6656-induced cell death in FRO ATC cells. p21 siRNA (100nM, 24 h) and LY294002 (100 uM, 1h) were pre-
treated prior to SU6656 treatment at a dosage of 50 pM for 72 h. a, b Cell viability was measured using CCK-8 and trypan blue assay. ¢ Cleaved PARP-1 and
Src protein levels were measured. d p21, Akt, ERK1/2 protein levels were measured. All experiments were performed in triplicate. The blots are representa-

tive of independent experiments. Data are expressed as mean +SE. *p<0.05.

(© Fig. 3c) were measured. Cell viability was lower in p21 siRNA-
or LY294002-pretreated cells compared to SU6656-treated con-
trol cells. The increment of cleaved PARP-1 protein levels and the
decrement of phospho-Src protein levels were shown in p21
siRNA- or LY294002-pretreated cells compared to SU6656-
treated control cells. Cell viability, and cleaved PARP-1 and phos-
pho-Src protein levels in p21 siRNA- or LY294002-pretreated
cells were not different from those in p21 siRNA- and LY294002-
pretreated cells.

To assess whether p21 and Akt have an effect on ERK in SU6656-
treated cells, cells were pretreated with p21 siRNA and LY294002
prior to SU6656 treatment (© Fig. 3d). While LY294002 lessened
phospho-ERK1/2 protein levels, p21 siRNA had no such effect.

ERK knockdown does not affect SU6656-induced cell
death in FRO ATC cells

To explore whether ERK participates in SU6656-induced cell
death, ERK1/2 siRNA (100nM, 24 h) was transfected, after which
SU6656 was applied. Cell viability (© Fig. 4a, b) and cleaved
PARP-1 protein levels (© Fig. 4c) were measured. In SU6656-
treated cells, cell viability and cleaved PARP-1 protein levels
were not affected by ERK1/2 siRNA transfection.

Kim SH et al.

To survey whether ERK has an influence on p21 and Akt in
SU6656-treated cells, cells were transfected with ERK1/2 siRNA
followed by SU6656 treatment (© Fig. 4d). ERK1/2 siRNA did not
alter p21 and Akt protein levels.

Discussion

v

In thyroid cancer, SFK is related to invasion, and SFK inhibitors
suppress growth and metastasis [9,26]. Among the SFK inhibi-
tors, SU6656 induces death of various cell types including irradi-
ated endothelial cells and synovial sarcoma cells by regulating
signal proteins [10-12]. However, the effect of SU6656 on sur-
vival of thyroid cancer cells including ATC cells has not been
evaluated. Our data indicate that SU6656 decreases cell viability
and increases cleaved PARP-1 protein levels in ATC cells, suggest-
ing that SU6656 causes cell death in ATC cells (© Fig. 1, 3c, 4c).
To the best of our knowledge, this is the first report to demon-
strate that SU6656 leads to cell death in thyroid cancer cells
including ATC cells. Intriguingly, total and cleaved caspase-3
protein levels in ATC cells were not varied after treatment with
SU6656 even at 200uM (data not shown). Moreover, viability of
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ATC cells was not affected by pretreatment with the broad-spec-
trum caspase inhibitor z-VAD-fmk. These results imply that
SU6656 results in cell death in ATC cells via a caspase-independ-
ent pathway. Given that the minimal effective concentration of
SU6656 in FRO ATC cells in the present study was 10uM, the
concentration applied to other cancer cell types in previous
studies, our results connote that SU6656 is a candidate thera-
peutic agent in ATC [12,27]. For clinical application in ATC, the
efficacy of SU6656 in in vivo models should be obviously eluci-
dated.

p21 inhibits cell death in tunicamycin-treated mouse embryonic
fibroblasts and interferon-y-treated macrophages [28,29].
While suppression of p21 induces death of tunicamycin-treated
A549 lung cancer cells, it increases size and invasiveness of
intestinal tumor cells [28,30]. p21 contributes to the desensiti-
zation of cancer cells to chemotherapeutic agents [31]. Ulti-
mately, the role of p21 in the survival of cancer cells is altered
according to the cell type and the chemotherapeutic agent used
[31]. There is report that p21 expression decreases in PTC cells
with a tendency to undergo early metastasis and another one
that p21 expression is not correlated with clinicopathological
factors in PTC tissues [15,32]. We found that p21 is associated

with resistance to cell death in VEGFR inhibitor-treated FRO ATC
cells [23]. Meanwhile, proteasome inhibitor and epigallocate-
chin-3-gallate cause cell death in ARO colon cancer cells by
increasing p21 levels, and PPARY agonist exerts an antiprolifera-
tive effect in ARO colon cancer cells and DRO melanoma cells by
increasing p21 levels [16-18,33]. SU6656 has no effect on p21 in
Panc1 pancreatic cancer cells [34]. However, because we previ-
ously showed the role of p21 in resistance to cell death in VEGFR
inhibitor-treated FRO ATC cells, the relationship of p21 with
SU6656-induced cell death in FRO ATC cells was clarified [23].
Our data manifest that SU6656 increases p21 levels concomi-
tantly with cell death and p21 ablation potentiates SU6656-
induced cell death in FRO ATC cells. These results denote that
activated p21 functions to protect against cell death, rather than
as an effector, in SU6656-treated FRO ATC cells.

PI3K/AKkt signaling plays crucial roles in insulin/IGF-1-mediated
cell cycle progression and cell growth in FRTL5 thyroid cells [20].
We reported that alpha-lipoic acid ameliorates endoplasmic
reticulum stress-induced cell death in FRTL5 thyroid cells by
activating PI3K/Akt signaling [35]. PI3K/Akt signaling, which
promotes cell survival, is deregulated in cancer cells including
ATC cells [19,21]. We showed previously that PI3K/Akt signaling
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as well as p21 are involved in the resistance of FRO ATC cells to
cell death resulting from VEGFR inhibitor treatment [23]. SFK
modulates PI3K/Akt signaling by modifying PTEN [24]. SFK
inhibitors induce cell death in rat cerebral cortical cells by sup-
pressing Akt phosphorylation [36]. SU6656 causes cell death
with suppression of Akt phosphorylation in irradiated human
umbilical vein endothelial cells and human cancer cells [11,25].
However, the relevance of PI3K/Akt signaling to cell death in
SU6656-treated ATC cells has not been verified. Our data reveal
that SU6656 leads to cell death without alteration of Akt phos-
phorylating status and repression of Akt phosphorylation aug-
ments SU6656-induced cell death in FRO ATC cells. These results
suggest that maintenance of PI3K/Akt signaling following
SU6656 treatment confers on FRO ATC cells resistance to cell
death.

In the present study, SU6656 had a tendency to induce greater
cytotoxicity in FRO ATC cells with double knockdown of p21 and
Akt compared to those with knockdown of either p21 or Akt
alone. These results imply that simultaneous inhibition of p21
and PI3K/AKkt signaling does not antagonize the effect of SU6656
on FRO ATC cells. Based on our results for p21 and Ak, it is pro-
posed that increased p21 expression and unchanged Akt activity
constitute the phenotype of resistance to SU6656-induced cell
death in FRO ATC cells. Considering that both SFK inhibition (the
present study) and VEGFR inhibition (our previous report) mag-
nify their cytotoxic effects on FRO ATC cells through regulation
of p21 and PI3K/AKkt signaling, it would seem that manipulation
of p21 and PI3K/Akt signaling potentiates the therapeutic effi-
cacy of SFK inhibitors and VEGFR inhibitors in ATC [23].
PI3K/Akt signaling regulates survival in harmony with p21 [37].
However, our data indicate that inhibition of Akt does not induce
suppression of p21 and vice versa in SU6656-treated FRO ATC
cells. It appears likely that PI3K/Akt signaling is independent of
p21 in SU6656-induced cell death in FRO ATC cells.

ERK regulates survival, growth, proliferation, and differentia-
tion, and its downregulation promotes cell death [38]. Epigallo-
catechin-3-gallate inhibits ERK1/2 phosphorylation, thereby
inducing cell death in ARO colon cancer cells [16]. SFK exerts its
effect on proliferation via a Ras/ERK/MAPK signaling, while the
SFK inhibitor AZD0530 causes growth arrest without change of
ERK1/2 activity in PTC and ATC cells [39,40]. Meanwhile, ERK is
involved in prosurvival processes by interacting with PI3K/Akt
signaling [38,40]. In the present study, because LY294002
decreased both cell viability and phospho-ERK1/2 protein levels
in SU6656-treated FRO ATC cells, the participation of ERK in cell
death in SU6656-treated FRO ATC cells was explored. Our data
demonstrate that decreased phosphorylation of ERK does not
lead to cell death in FRO ATC cells. Thus, it may be inferred that
ERK is not directly linked to SU6656-induced cell death in FRO
ATC cells.

In conclusion, our results suggest that SU6656 induces caspase-
independent death of FRO ATC cells by overcoming the resist-
ance mechanism associated with p21 and Akt. Suppression of
p21 and PI3K/Akt signaling allows SU6656 to enhance the cyto-
toxic effect in FRO ATC cells. Thus, this study provides 1) the pos-
sibility of SU6656 as a promising compound and 2) the concept
of ‘resistance’ to chemotherapeutic agents in the treatment of
ATC patients.

Original Basic

Acknowledgements

v

This research was supported by Basic Science Research Program
through the National Research Foundation of Korea (NRF) funded
by the Ministry of Education, Science, and Technology (2011-
0012965) to S. . Lee, Republic of Korea.

Conflict of Interest
v

The authors declare that they have no conflicts of interest in the
authorship or publication of this contribution.

References
1 Akaishi ], Sugino K, Kitagawa W, Nagahama M, Kameyama K, Shimizu
K, Ito K, Ito K. Prognostic factors and treatment outcomes of 100 cases
of anaplastic thyroid carcinoma. Thyroid 2011; 21: 1183-1189
2 Smallridge RC, Copland JA. Anaplastic thyroid carcinoma: pathogenesis
and emerging therapies. Clin Oncol 2010; 22: 486-497
3 Smallridge RC, Marlow LA, Copland JA. Anaplastic thyroid cancer:
molecular pathogenesis and emerging therapies. Endocr Relat Can-
cer 2009; 16: 17-44
4 Kopetz S, Shah AN, Gallick GE. Src continues aging: current and future
clinical directions. Clin Cancer Res 2007; 13: 7232-7236
5 Guarino M. Src signaling in cancer invasion. J Cell Physiol 2010; 223:
14-26
6 Chatzizacharias NA, Kouraklis GP, Giaginis CT, Theocharis SE. Clinical
significance of Src expression and activity in human neoplasia. Histol
Histopathol 2012; 27: 677-692
7 Irby RB, Yeatman T]J. Role of Src expression and activation in human
cancer. Oncogene 2000; 19: 5636-5642
8 Summy JM, Gallick GE. Src family kinases in tumor progression and
metastasis. Cancer Metastasis Rev 2003; 22: 337-358
9 Michailidi C, Giaginis C, Stolakis V, Alexandrou P, Klijanienko ], Del-
ladetsima I, Chatzizacharias N, Tsourouflis G, Theocharis S. Evaluation
of FAK and Src expression in human benign and malignant thyroid
lesions. Pathol Oncol Res 2010; 16: 497-507
10 Liu X, Wu J, Gishizky M, Sun L, Courtneidge SA. SU6656, a selective src
family kinase inhibitor, used to probe growth factor signaling. Mol
Cell Biol 2000; 20: 9018-9027
11 Cuneo KC, Geng L, Tan ], Brousal ], Shinohara ET, Osusky K, Fu A, Shyr
Y, Wu H, Hallahan DE. Src family kinase inhibitor SU6656 enhances
antiangiogenic effect of irradiation. Int J Radiat Oncol Biol Phys 2006;
64: 1197-1203
12 Arai R, Tsuda M, Watanabe T, Ose T, Obuse C, Maenaka K, Minami A,
Ohba Y. Simultaneous inhibition of Src and Aurora kinases by SU6656
induces therapeutic synergy in human synovial sarcoma growth, inva-
sion and angiogenesis in vivo. Eur ] Cancer 2012; 48: 2417-2430
13 Gartel AL, Radhakrishnan SK. Lost in transcription: p21 repression,
mechanisms, and consequences. Cancer Res 2005; 65: 3980-3985
14 Saltman B, Singh B, Hedvat CV, Wreesmann VB, Ghossein R. Patterns of
expression of cell cycle/apoptosis genes along the spectrum of thyroid
carcinoma progression. Surgery 2006; 140: 899-905
15 Brzezifiski |, Migodziriski A, Toczek A, Tazbir |, Dedecjus M. Patterns of
cyclin E, retinoblastoma protein, and p21Cip1/WAF1 immunostaining
in the oncogenesis of papillary thyroid carcinoma. Clin Cancer Res
2005; 11: 1037-1043
16 Lim YC, Cha YY. Epigallocatechin-3-gallate induces growth inhibition
and apoptosis of human anaplastic thyroid carcinoma cells through
suppression of EGFR/ERK pathway and cyclin B1/CDK1 complex. ]
Surg Oncol 2011; 104: 776-780
17 Conticello C, Adamo L, Giuffrida R, Vicari L, Zeuner A, Eramo A, Anastasi
G, Memeo L, Giuffrida D, Iannolo G, Gulisano M, De Maria R. Proteasome
inhibitors synergize with tumor necrosis factor-related apoptosis-
induced ligand to induce anaplastic thyroid carcinoma cell death. ]
Clin Endocrinol Metab 2007; 92: 1938-1942
18 Copland JA, Marlow LA, Kurakata S, Fujiwara K, Wong AKC, Kreinest PA,
Williams SF, Haugen BR, Klopper JP, Smallridge RC. Novel high-affinity
PPARgamma agonist alone and in combination with paclitaxel inhib-
its human anaplastic thyroid carcinoma tumor growth via p21WAF1/
CIP1. Oncogene 2006; 25: 2304-2317
19 Manning BD, Cantley LC. AKT/PKB signaling: navigating downstream.
Cell 2007; 129: 1261-1274

Kim SH et al. p21 and Akt in SU6656-induced Cell Death... Horm Metab Res 2013; 45: 408-414

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Original Basic

20 Saito J, Kohn AD, Roth RA, Noguchi Y, Tatsumo I, Hirai A, Suzuki K, Kohn
LD, Saji M, Ringel MD. Regulation of FRTL-5 thyroid cell growth by
phosphatidylinositol (OH) 3 kinase-dependent Akt-mediated signal-
ing. Thyroid 2001; 11: 339-351

21 Xing M. Genetic alterations in the phosphatidylinositol-3 kinase/Akt
pathway in thyroid cancer. Thyroid 2010; 20: 697-706

22 Santarpia L, EI-Naggar AK, Cote GJ, Myers JN, Sherman SI. Phosphati-
dylinositol 3-kinase/akt and ras/rafmitogen-activated protein kinase
pathway mutations in anaplastic thyroid cancer. ] Clin Endocrinol
Metab 2008; 93: 278-284

23 Kim SH, Kang ]G, Kim CS, Ihm SH, Choi MG, Yoo HJ, Lee SJ. CCAAT/
enhancer-binding protein-homologous protein sensitizes to SU5416
by modulating p21 and PI3K/Akt signal pathway in FRO anaplastic
thyroid carcinoma cells. Horm Metab Res 2013; 45: 9-14

24 Lu'Y, Yu Q, Liu JH, Zhang ], Wang H, Koul D, McMurray JS, Fang X, Yung
WK, Siminovitch KA, Mills GB. Src family protein tyrosine kinases alter
the function of PTEN to regulate phosphatidylinositol 3-kinase/AKT
cascades. ] Biol Chem 2003; 278: 40057-40066

25 Laird AD, Li G, Moss KG, Blake RA, Broome MA, Cherrington JM, Mendel
DB. Src family kinase activity is required for signal transducer and
activator of transcription 3 and focal adhesion kinase phosphoryla-
tion and vascular endothelial growth factor signaling in vivo and for
anchorage-dependent and -independent growth of human tumor
cells. Mol Cancer Ther 2003; 2: 461-469

26 Chan CM, Jing X, Pike LA, Zhou Q, Lim DJ, Sams SB, Lund GS, Sharma
V, Haugen BR, Schweppe RE. Targeted inhibition of Src kinase with
dasatinib blocks thyroid cancer growth and metastasis. Clin Cancer
Res 2012; 18: 3580-3591

27 Fossey SL, Liao AT, McCleese JK, Bear MD, Lin ], Li PK, Kisseberth WC,
London CA. Characterization of STAT3 activation and expression in
canine and human osteosarcoma. BMC Cancer 2009; 9: 81

28 Mihailidou C, Papazian I, Papavassiliou AG, Kiaris H. CHOP-dependent
regulation of p21/waf1 during ER stress. Cell Physiol Biochem 2010;
25: 761-766

29 Xaus J, Cardé M, Valledor AF, Soler C, Lloberas |, Celada A. Interferon
gamma induces the expression of p21waf-1 and arrests macrophage
cell cycle, preventing induction of apoptosis. Immunity 1999; 11:
103-113

30 Yang WC, Velcich A, Lozonschi I, Liang J, Nicholas C, Zhuang M, Bancroft
L, Augenlicht LH. Inactivation of p21WAF1/cip1 enhances intestinal
tumor formation in Muc27- mice. Am J Pathol 2005; 166: 1239-1246

31 Fan S, Chang JK, Smith ML, Duba D, Fornace AJ Jr, 0’Connor PM. Cells
lacking CIP1/WAF1 genes exhibit preferential sensitivity to cisplatin
and nitrogen mustard. Oncogene 1997; 14: 2127-2136

32 Zafon C, Obiols G, Castellvi ], Cajal SR, Baena JA, Mesa J. Expression of
p21cip1, p27kip1, and p16INk4a cyclin-dependent kinase inhibitors
in papillary thyroid carcinoma: correlation with clinicopathological
factors. Endocr Pathol 2008; 19: 184-189

33 Schweppe RE, Klopper JP, Korch C, Pugazhenthi U, Benezra M, Knauf
JA, Fagin JA, Marlow LA, Copland JA, Smallridge RC, Haugen BR. Deox-
yribonucleic acid profiling analysis of 40 human thyroid cancer cell
lines reveals cross-contamination resulting in cell line redundancy
and misidentification. J Clin Endocrinol Metab 2008; 93: 4331-4341

34 Ungefroren H, Sebens S, Groth S, Gieseler F, Fandrich F. The Src fam-
ily kinase inhibitors PP2 and PP1 block TGF-betal-mediated cellular
responses by direct and differential inhibition of type I and type II
TGF-beta receptors. Curr Cancer Drug Targets 2011; 11: 524-535

35 Lee §J, Kim SH, Kang JG, Kim CS, Ihm SH, Choi MG, Yoo HJ. Alpha-lipoic
acid inhibits endoplasmic reticulum stress-induced cell death through
PI3K/Akt signaling pathway in FRTL5 thyroid cells. Horm Metab Res
2011; 43: 445-451

36 Takadera T, Fujibayashi M, Koriyama Y, Kato S. Apoptosis induced by
Src-family tyrosine kinase inhibitors in cultured rat cortical cells.
Neurotox Res 2012; 21: 309-316

37 Comalada M, Xaus J, Sanchez E, Valledor AF, Celada A. Macrophage col-
ony-stimulating factor-, granulocyte-macrophage colony-stimulating
factor-, or IL-3-dependent survival of macrophages, but not prolifera-
tion, requires the expression of p21(Waf1) through the phosphatidyli-
nositol 3-kinase/Akt pathway. Eur J Immunol 2004; 34: 2257-2267

38 De Luca A, Maiello MR, D’Alessio A, Pergameno M, Normanno N. The
RAS/RAF/MEK/ERK and the PI3K/AKT signalling pathways: role in can-
cer pathogenesis and implications for therapeutic approaches. Expert
Opin Ther Targets 2012; 16: S17-S27

39 Kim LC, Song L, Haura EB. Src kinases as therapeutic targets for cancer.
Nat Rev Clin Oncol 2009; 6: 587-595

40 Schweppe RE, Kerege AA, French D, Sharma V, Grzywa RL, Haugen BR.
Inhibition of Src with AZD0530 reveals the Src-focal adhesion kinase
complex as a novel therapeutic target in papillary and anaplastic thy-
roid cancer. ] Clin Endocrinol Metab 2009; 94: 2199-2203

Kim SH et al. p21 and Akt in SU6656-induced Cell Death ... Horm Metab Res 2013; 45: 408-414

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



