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Abstract The tyrosine and phosphoinositide kinases play
crucial roles in the regulation of many cancer cell processes
including cell survival and cell motility. Anaplastic thyroid
carcinoma (ATC) is a rare and deadly type of thyroid cancer,
and so far, there are no effective therapeutic compounds for
ATC. Herein, we investigate the anticancer activities of
PP121, a dual inhibitor of tyrosine and phosphoinositide
kinases, in ATC therapy. We found that PP121 is effective at
suppressing cell viability, inducing cell apoptosis, and
inhibiting cell migration and invasion. The potential antican-
cer mechanism for PP121 might be its inhibitory effects on
phosphatidylinositol 3-kinase (PI3K)/Akt signaling pathways
in ATC cells. Furthermore, PP121 is effective at suppressing
ATC tumor growth in vivo. In summary, our studies suggest
that PP121 might be a promising therapeutic compound for
ATC treatment, which might shed new light on ATC therapy.
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Introduction

Anaplastic thyroid carcinoma (ATC) accounts for about 2 %
of thyroid cancers in older adults. It is a deadly type of cancer,
and the mean survival time for ATC is usually less than
6 months. ATC grows starting from differentiated thyroid
cancer or a benign tumor of the gland. This type of cancer
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grows very quickly, so it is difficult to treat [ 1-4]. There are no
effective therapeutic reagents and strategies for ATC so far.
Therefore, it is very urgent to find novel promising therapeutic
targets or compounds for ATC.

Due to the phosphatidylinositol-3-kinase (PI3K) mutant
and constitutive activation in ATC, the PI3K/Akt signaling is
highly activated, which makes PI3K/Akt pathway a potential
therapeutic target in ATC treatment [5—10]. The tyrosine ki-
nases are upstream of PI3K/Akt signaling. All of these sig-
naling molecules play crucial roles in cell proliferation, mi-
gration, invasion and tumorigenesis, development, and metas-
tasis of ATC [5—15], so these molecules are promising targets
in ATC therapeutics. PP121 is a dual inhibitor of tyrosine and
phosphoinositide kinases [16]. Studies on PP121 are quite
few, and it is far from being well characterized. Here, we have
investigated the potential anticancer activities of PP121 in
ATC therapy. Our studies demonstrate that PP121 is effective
at suppressing cell viability, inducing cell apoptosis, and
inhibiting cell migration and invasion by suppressing
PI3K/Akt signaling pathway in ATC cells. Furthermore,
PP121 is effective at suppressing ATC tumor growth in vivo.

Materials and methods
Materials

PP121 was purchased from Selleck Chemicals LLC (Huston,
TX, USA). Rabbit anti-phospho-Akt (Ser473) (catalog #
4060), anti-phospho-p70S6K (Thr389) (catalog # 9205),
anti-phospho-S6 (Ser235/236) (catalog # 2211), anti-S6 (cat-
alog # 2217), and secondary HRP-conjugated antibody (cata-
log # 7074) were purchased from Cell Signaling Technology.
Other reagents and chemicals were purchased from Sigma.
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Cells and cell culture

Human ATC cell lines (CAL62, KAT4) were purchased from the
American Type Culture Collection (Rockville, MD, USA). The
cells were maintained in DMEM medium with 10 % fetal bovine
serum (FBS), supplemented with 100 units/ml penicillin and
100 pg/ml streptomycin in a humidified incubator at 37 °C in
5 % CO..

Cell viability assay

Cells were seeded at a density of 6x 10* cells per well in 96-
well plates. After treatment with PP121 at different concen-
trations, cell viability was determined by using the CellTiter-
Glo assay. The luminescence was measured with a plate
reader (Molecular Devices, Sunnyvale, CA).

Transwell assay

Cells were seeded in the upper compartment of 24-transwell
Boyden chamber wells (Costar, Bedford, MA) in serum-free
media. Six hundred-microliter serum-free media containing
20 pg/ml fibronectin was added to the lower compartment.
After treatment with PP121 for 8 h, the cells were fixed and
stained with 0.1 % crystal violet. The nonmigrating cells were
removed, and the migrated cells were photographed with a
microscope, then the cells were lysed with 10 % acetic acid
and the absorbance was measured at 595 nm.

Wound-healing assay

Cells were seeded in 96-well plates. Once 100 % confluence
was observed, the cell monolayer was scratched with a pipette
tip. After being washed for three times, the cells were treated
with PP121 for 8 h. Then, the scratches were photographed
and the width of scratches was measured.

Cell invasion assay

The upper chamber of 24-transwell Boyden was precoated
with 1 mg/ml of Matrigel (BD Biosciences) for 5 h at 37 °C,
and then the invasion assay was performed as described in
“Transwell assay” above.

Nuclei staining

Cells were seeded on fibronectin precoated glass coverslips,
followed by treatments with PP121. Then, the cells were fixed
with 4 % paraformaldehyde for 30 min, permeabilized with
0.1 % Triton X-100 for 20 min, and blocked with 5 % normal
serum for 30 min. Then, the cells were incubated with Hoechst
for 15 min and washed with phosphate-buffered saline (PBS) for
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three times. The images were taken with a fluorescent
microscope.

Flow cytomery

Cells treated with PP121 were harvested by exposure to
trypsin, fixed, and stained with propidium iodide by using
CycleTEST plus DNA reagent kit (Becton Dickinson). Then,
the cells were analyzed for DNA content with the use of a
FACSCalibur flow cytometry and CellQuest Pro software
(Becton Dickinson).

Western blotting

After treatment with PP121 at different concentrations for 2 h, the
cells were harvested and lysed in 20 mM HEPES, pH 7.5,
150 mM NaCl, and 1 % NP-40, supplemented with Complete
Mini Protease Inhibitor tablet. After SDS-PAGE separation, the
proteins were transferred to nitrocellulose membranes, blocked
with 5 % bovine serum albumin at room temperature for 1 h, and
incubated with primary antibodies (1:1,000 dilution) at 4 °C
overnight. Then, the films were incubated with secondary anti-
body (1:3,000 dilution) at room temperature for 1 h, and the
membranes were developed with chemiluminescence ECL
reagent.

Immunohistochemistry

The slides were deparaffinized and hydrated with 100 % ethanol
twice for 10 min, 95 % ethanol twice for 10 min, and deionized
water for 2 min. For antigen unmasking, slides were placed in a
container, covered with 10 mM sodium citrate buffer, pH 6.0,
and heated in a steamer for 1 h. The slides were then washed and
blocked with 5 % normal goat serum for 30 min. The terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
assay was performed according to the manufacturer’s instruc-
tions. The nuclei were stained with Hoechst for 20 min. The
slides were photographed using a fluorescent microscope.

Efficacy studies in mouse xenograft model in vivo

The nud/mud mice were purchased from Slack Company in
Shanghai and housed in a BL2 lab. All care and treatment of
experimental animals were performed according to the animal
care and use committee guidelines. CAL62 cells were harvested
and suspended in PBS. Then, the cells were injected into the
axillary regions of mice (5% 10° cells/mouse). When the tumor
volumes reached 80 mm?®, the mice were randomly separated to
control group and two PP121 groups (n==8 per group), including
PP121 low dose (50 mg/kg) and high dose (100 mg/kg) groups
(vehicle, 10 % 1-methyl-2-pyrrolidinone and 90 % PEG 300).
Tumors were measured every other day with a microcaliper, and
the body weight was measured every other day with a scale. The
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Fig.1 PP121 inhibits PI3K/Akt signaling pathway in ATC cells. CAL62
cells were treated with PP121 (0.125, 0.5, 2, and 8 pM) for 3 h, followed
by Western blot analysis with the indicated antibodies

tumor volumes were calculated with the formula (mm?)
= width x width x length>0.5. After administration for about
2 weeks, the mice were euthanized and tumors were harvest-
ed. Tumor cell apoptosis was analyzed using immunohisto-
chemistry (IH).

Statistics

Student’s ¢ test and analysis of variance (ANOVA) were
performed using StatView (SAS Institute, Cary, NC).
P<0.05 was considered significantly different. The data
shown are the mean values of triplicate measurements with
error bars corresponding to standard deviation.

Results
PP121 inhibits PI3K/Akt signaling pathway in ATC cells

PP121 is a known dual inhibitor of tyrosine and phosphoinositide
kinases [16]. We first examined the effect of PP121 on PI3K/Akt
signaling in ATC cells. As shown in Fig. 1, PP121 concentration
dependently suppressed PI3K/Akt signaling pathway including
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Fig. 3 PP121 induces apoptosis in ATC cells. a CAL62 cells were
treated with PP121 at the indicated concentrations for 48 h, followed by
PI staining and flow cytometry analysis. b CAL62 cells were incubated
with PP121 for 48 h. The nuclei were stained with Hoechst and analyzed
using a fluorescent microscope. The representative images are shown. ¢
The number of cells with condensed/fragmented nuclei was quantitated
by counting in seven random fields, and the inhibition was calculated

phosphorylation of Akt, p70S6, and S6 in CAL62 cells, but no
significant changes in total protein levels were observed.

Fig. 2 PP121 suppresses ATC A o—CAL62 —8—KAT4
cell viability. a CAL§2 and KAT4 120 - KTC1 %—T238 OCAL62 WKAT4
cells were treated with PP121 —_ ~ 100 1 KTC1 m=T238
(0.125~32 uM) for 48 h, 100 - ® g - -
followed by measurement with > 80 - = -

- =}
cell viability assay. b CAL62 and = 60 s 60 -
KAT4 cells were treated with § E 40
PPI21 (4 uM) for 24, 48, or 72 h, 5 40 4 =
followed by measurement with T 20 A 20 A
cell viability assay o 0 0

24 48 72
PP121 (uM) Time (hr)

@ Springer



8662

Tumor Biol. (2014) 35:8659-8664

PP121 is affective at suppressing ATC cell viability

The tyrosine kinases and their downstream PI3K/Akt signal-
ing pathways play crucial roles in promoting ATC cell surviv-
al [5-19]. To explore the potential roles of PP121 in ATC
therapy, we first used it for in vitro anti-ATC studies. We
examined the effect of PP121 on ATC cancer cell viability,
and we found that PP121 significantly reduced viability of
ATC cell lines CAL62 and KAT4 in a time- and
concentration-dependent manner (Fig. 2a, b).

PP121 induces apoptosis of ATC cells

Since the tyrosine kinases and their downstream PI3K/Akt
signaling pathways play critical roles in the inhibition of
apoptosis [7—13], we next examined PP121-induced apoptosis
in ATC cells. The flow cytometry analysis showed that PP121
caused a significant increase in sub-G1 DNA content in
CALG2 cells (P<0.01) (Fig. 3a). After treatment with MK-
2206, the nuclei of cancer cells exhibited a condensed and
fragmented morphology, which is a characteristic for

apoptosis (Fig. 3b). This effect is also significant compared
to control group (P<0.01) (Fig. 3c), suggesting that PP121
could induce dramatic apoptosis in ATC cells.

PP121 is effective at suppressing cell migration and invasion
of ATC cells

The tyrosine kinases and their downstream PI3K/Akt sig-
naling pathways play crucial roles in cancer cell motility
[20-23]. We next investigated the effect of PP121 on
migration of ATC cells. As shown in Fig. 4a, b, PP121
inhibited transwell migration of CAL62 cells. Similar in-
hibition of cell migration by PP121 was also observed in
a wound-healing assay (Fig. 4c, d). Furthermore, PP121
efficiently suppressed cancer cell invasion through
Matrigel (Fig. 4e, f).

PP121 suppresses ATC tumor growth in vivo

We next treated animals with PP121 (50 and 100 mg/kg) and
examined the effect of intraperitoneal (ip) administration of

B
PP121 (50 nM) PP121 (12.5 nM) s 100
) B ) ERN Q\O,
s A4 L 0 ~ :
; ») s
7 =
=
=
=
12.5 50 200 800
PP121 (nM)
D
~ 100
&
=
=l
Z
=
=
12.5 50 200 800
E Control  PP121 (800 nM) PPI121 (200 nM) PP121 (nM)
ik g % __100
£es X 80
i £ 60
- Z 40
E 20
0
12.5 50 200 800
PP121 (nM)

Fig.4 PP121 inhibits cell migration and invasion in ATC cells. a CAL62
cells were treated with PP121 (12.5, 50, 200, or 800 nM) for 8 h. The
nonmigrated cells on the upper surface of the filter were removed, and the
migrated cells on the lower side were stained and photographed. The
representative images are shown, then cells were lysed, and colorimetric
determination was made at 595 nm. b Quantitation of the inhibition from
transwell assay. ¢ A scratch was introduced into a monolayer of CAL62
cells, followed by treatment with PP121 (12.5, 50, 200, or 800 nM) for
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8 h. The width of wounded cell monolayer was measured in seven
random fields, and representative images are shown (white dashed lines
show the original wound width, yellow lines show the final wound width).
d Quantitation of the inhibition from transwell assay. e CAL62 cells were
seeded on a Matrigel precoated transwell membrane, and the treatment
and analysis are similar with “Transwell assay” described above. f Quan-
titation of the inhibition from invasion assay
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PP121 on growth of CAL62 cells in nud/nud mice. The results
showed that low-dose PP121 (50 mg/kg) led to an intermediate
level of growth suppression, whereas high-dose PP121
(100 mg/kg) exerted a strong inhibition on tumor growth
(Fig. 5a). Consistent with the in vitro data, PP121
induced significant apoptosis in tumors as measured
using TUNEL and nuclei staining assays (Fig. 5b). In
addition, PP121 showed no significant toxicity on mice,
and there was no significant loss of weight (P>0.05)
(Fig. 5c). Taken together, these results showed that
PP121 could effectively potentiate apoptosis and en-
hance suppression of both cell viability in vitro and
tumor growth in vivo.
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Fig.5 PP121 suppresses ATC tumor growth in vivo. a After inoculation
of CAL62 cells, PP121 (50 and 100 mg/kg) was injected to the mice
everyday. The tumor volumes were measured every other day, and the
tumor volumes are shown. b PP121 (50 and 100 mg/kg) induced apo-
ptosis of CAL62 tumor cells in vivo measured with TUNEL assay
(green), and the nuclei were stained with Hoechst (blue). ¢ PP121 (50
and 100 mg/kg) had no significant cytotoxic effects on the body weight of
mice during the treatments

Discussion

ATC is a rare, typically lethal malignancy in older adults with
a very low survival rate. So far, there are no effective thera-
peutic reagents for ATC [1-4]. So, it is urgent to explore
potential therapeutic reagents for ATC. The clinical success
of multitargeted kinase inhibitors has stimulated efforts to
identify such types of promising anticancer drugs. Tyrosine
kinases promote cell survival, proliferation, migration, and
invasion and are the targets of frequent oncogenic mutations
in tumors. Eight tyrosine kinase inhibitors have been approved
for clinical use, and many more are under development.

Upregulation of multiple oncogenic kinases has been dem-
onstrated to be one of the most important underlying mecha-
nisms for resistance generation in cancer therapeutics.
Effective therapy for many cancers will require the simulta-
neous inhibition of multiple oncogenic kinases [24, 25], be-
cause tumor cells rapidly develop resistance to inhibitors of
individual kinases. It is well known that most of the tyrosine
and phosphoinositide kinases play critical roles in both cell
viability and cell motility relating to cancer growth and me-
tastasis in vivo. Therefore, molecules that target both tyrosine
and phosphoinositide kinases are likely to possess potent
antitumor activities including suppressing tumor growth and
tumor metastasis.

PP121 is a dual inhibitor of tyrosine and phosphoinositide
kinases [16]; however, it is not well studied so far especially in
ATC therapy. Here, we have investigated the potential anti-
cancer activities of PP121 in ATC therapy. Our studies dem-
onstrated that PP121 was effective at suppressing cell viabil-
ity, inducing cell apoptosis, and inhibiting cell migration and
invasion. The potential anticancer mechanism for PP121
might be its inhibitory effect on PI3K/Akt signaling pathways
in ATC cells. Furthermore, PP121 is effective at suppressing
ATC tumor growth in vivo. As a multiple kinase inhibitor,
PP121 has significant advantages in Akt highly activated
cancers like ATC cancer, which exhibit a higher growth and
motility due to the high activation of Akt. The combined
inhibition of tyrosine and phosphoinositide kinases by
PP121 makes it a promising anticancer drug candidate in
therapeutics of both the primary and relapsed ATC tumors.
This is the first report about PP121 study in ATC therapy,
which might shed new light on ATC therapeutics.
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