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                                      Inhibition of p21 and Akt Potentiates SU6656-Induced 
Caspase-Independent Cell Death in FRO Anaplastic 
Thyroid Carcinoma Cells

However, the eff ect 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 
clarifi ed   [ 16      – 18 ]  .
  PI3K/Akt signaling is involved in the control of 
multiple cellular processes including survival, 
growth, proliferation, diff erentiation, and migra-
tion   [ 19 ]  . It plays pivotal roles in insulin/IGF-1-

        Introduction
 ▼
   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 signifi cant 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 
eff ect 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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                                      Abstract
 ▼
   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 infl uence 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 
100 μM 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 aff ect 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 eff ect of 
SU6656 in FRO ATC cells.
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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 verifi ed   [ 25 ]  .
  The aim of the present study was to investigate the infl uence 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
 ▼
    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 β-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 confl uent at 50–70 %.

    CCK-8 assay
  The experiment was carried out using CCK-8 Assay Kit (Dojindo 
laboratories, Kumamoto, Japan). Cells (5 × 10 3 /100 μl) in 96-well 
plates were incubated for overnight, and treated for an addi-
tional 4 h 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 ( %) = [OD450 (sample)/OD450 (control) × 100]. The 
absorbance of 5 wells for each experiment was averaged. All 
experiments were performed in triplicate.

    Trypan blue assay
  Cells (1 × 10 4 /500 μl) 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-specifi c siRNA was purchased from Cell Signaling Bio-
technology, and p21-specifi c siRNA from Bioneer (Daejeon, 
Republic of Korea). At 50 % confl uence, cells were transfected 
with siRNA using Lipofectamine 2000 Reagent (Invitrogen, 
Carlsbad, CA, USA) according to manufacturer’s protocol. Trans-
fection effi  ciency was tested by Western blotting.

    Western blotting
  Cells were lysed in RIPA buff er containing 1 ×  protease inhibitor 
cocktail and 1 ×  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 (50 μg) were separated by 10 % SDS-PAGE, 
and transferred to Immobilon-P Membrane (Millipore, Bedford, 
MA, USA). Western blotting was performed using specifi c 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 (1:1 000), total Src and phospho-Src (1:1 000), p21 
(1:500), total ERK1/2 and phospho-ERK1/2 (1:1 000), total Akt 
and phospho-Akt (1:1 000), and β-actin (1:1 000). Bands were 
detected using ECL or ECL Plus Western Blotting Detection Sys-
tem (Amersham Biosciences, Buckinghamshire, UK). β-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 signifi cant. All 
analyses were performed using SPSS version 10.0 (SPSS, Chicago, 
IL, USA).

     Results
 ▼
    SU6656 induces caspase-independent cell death in ATC 
cells
  To evaluate the eff ect 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, 100 μM 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 100 μM for 72 h. In contrast, the viability of FRO ATC 
cells decreased after treatment with SU6656 in a concentration- 
and time-dependent manner.
   To defi ne the dependency of SU6656-induced cell death on acti-
vation of caspases, cells were pretreated with z-VAD-fmk (50 μM, 
1 h) followed by treatment with SU6656 at a dosage of 100 μM 
for 72 h, and cell viability was measured (     ●  ▶     Fig. 1c, d  ). The via-
bility of SU6656-treated cells was not aff ected by pretreatment 
with z-VAD-fmk.

    SU6656 regulates p21, Akt, and ERK in ATC cells
  To investigate the infl uence of SU6656 on Src in 8505C, CAL62, 
and FRO ATC cells, the cells were treated with SU6656 at a dos-
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age of 100 μM for 72 h, 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 100 μM for 72 h, 
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 μM 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 50 μM for 72 h were performed. To deter-
mine whether p21 and Akt are involved in SU6656-induced cell 
death, p21 siRNA (100 nM, 24 h) and the Akt inhibitor LY294002 
(100 μM, 1 h) were pretreated before SU6656 treatment. Cell 
viability (     ●  ▶     Fig. 3a, b  ), and cleaved PARP-1 and Src protein levels 

    Fig. 1    The eff ect 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 μM for 24, 48, 72 h, respectively. Cell viability was measured using CCK-8 and trypan blue assay.  c ,  d  Cells were pretreated with 
z-VAD-fmk (50 μM, 1 h) before SU6656 treatment at a dosage of 100 μM 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 
72 h. †p < 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 μM 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. 
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(     ●  ▶     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 diff erent from those in p21 siRNA- and LY294002-
pretreated cells.
   To assess whether p21 and Akt have an eff ect 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 eff ect.

    ERK knockdown does not aff ect SU6656-induced cell 
death in FRO ATC cells
  To explore whether ERK participates in SU6656-induced cell 
death, ERK1/2 siRNA (100 nM, 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 aff ected by ERK1/2 siRNA transfection.

   To survey whether ERK has an infl uence 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
 ▼
   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 eff ect 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 fi rst 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 200 μM (data not shown). Moreover, viability of 

    Fig. 3    The involvement of p21 and Akt in SU6656-induced cell death in FRO ATC cells. p21 siRNA (100 nM, 24 h) and LY294002 (100 μM, 1 h) were pre-
treated prior to SU6656 treatment at a dosage of 50 μM for 72 h.  a ,  b  Cell viability was measured using CCK-8 and trypan blue assay.  c  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. 
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ATC cells was not aff ected 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 eff ective concentration of 
SU6656 in FRO ATC cells in the present study was 10 μM, 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 
effi  cacy of SU6656 in in vivo models should be obviously eluci-
dated.
  p21 inhibits cell death in tunicamycin-treated mouse embryonic 
fi broblasts and interferon-γ-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 PPARγ agonist exerts an antiprolifera-
tive eff ect in ARO colon cancer cells and DRO melanoma cells by 
increasing p21 levels   [ 16      – 18   ,  33 ]  . SU6656 has no eff ect 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 clarifi ed   [ 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 eff ector, in SU6656-treated FRO ATC cells.
  PI3K/Akt 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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