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Summary. Pseudopodium-enriched atypical kinase 1
(PEAKT) has been demonstrated to be upregulated in
human malignancies and cells. Enhanced PEAK1
expression facilitates tumor cell survival and
chemoresistance. However, the role of PEAK1 inhibition
to anaplastic thyroid carcinoma cell (ATC) and
vemurafenib resistance is still unknown. Here, we
observed that targeting PEAK1 inhibited cell viability
and colony formation, but not cell apoptosis in both of
the 8505C and Hth74 cells in vitro. Targeting PEAK1
sensitized 8505C and Hth74 cells to Vemurafenib by
inducing cell apoptosis, and thereby decreasing cell
viability. Mechanistically, Vemurafenib treatment
upregulated PEAK1 expression. Combined PEAK 1
depletion and Vemurafenib treatment upregulated Bim
expression. Targeting PEAK1 sensitized Vemurafenib-
induced apoptosis by upregulating Bim. In conclusion,
Vemurafenib resistance in ATC cells harboring
BRAFVO00E ig agsociated with PEAK1 activation,
resulting in the inhibition of pro-apoptotic Bim protein.
Therefore, targeting PEAK1 may be an effective strategy
to sensitize ATC harboring BRAFV®0YE to Vemurafenib.
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Introduction
Anaplastic thyroid carcinoma (ATC) is a rare form

of undifferentiated thyroid carcinoma, which represents
about 1-2% of all thyroidal malignancies with an overall
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survival from 3 to 5 months and a one year survival rate
of 20% in most of the cases (Lee et al., 2016; Molinaro
et al., 2017). ATC is commonly derived from a
differentiated tumor such as papillary thyroid cancer
(PTC) or follicular thyroid cancer (FTC), which
precedes or coexists with approximately 50% of ATCs.
ATC typically harbors several oncogenic mutations,
most commonly in the MAPK pathway (Ragazzi et al.,
2014). The harbor activating BRAFY60E mutation is the
most prevalent genetic alteration in PTC (36-86%) and
ATC (20-25%). BRAFY69E mutations are an early and
common driver mutation in PTC. Thus effective
treatment of ATC through BRAFV9F would meet an
urgent clinical need.

Vemurafenib is the BRAFV®00E inhibitor, an
effective and well-tolerated treatment strate%y in
advanced PTC patients harboring the BRAF Y600E
mutation (Poulikakos et al., 2011; Dadu et al., 2015).
BRATF inhibitors may yield short-term clinical benefits
in these patients because of the resistance to
Vemurafenib (Bollag et al., 2010; Montero-Conde et al.,
2013; Boussemart et al., 2014; Jeong et al., 2019).
However, resistance to Vemurafenib inhibition can be
achieved by combined therapeutic modalities for MAPK
pathway inhibition (Robert et al., 2015). In a mouse
model, Vemurafenib inhibited growth of human ATC
cells with BRAFV600E mytation (Nehs et al., 2012). In
8505C, an ATC cell line model, 8505C had poor
treatment response with Vemurafenib alone, but
increased effect with Vemurafenib in combination with
MAPK inhibitors (Ayroldi et al., 2018).

Vemurafenib can induce apoptotic cell death
mediated by caspase-3, suggesting that the addition of a
procaspase-3 activator could enhance anticancer effects
(Adams and Cory, 2007). Vemurafenib also enhanced
anti-apoptotic Mcl-1 and suppressed pro-apoptotic Bim
(Bauer et al., 2017). Therefore, pro-apoptotic protein
activation would improve the efficacy of Vemurafenib
and counteract the resistance to Vemurafenib.

Enforced PEAK1 expression was reported to
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promote invasion in pancreatic ductal epithelial cells
through enhanced JAK1/Stat3 signaling (Strnadel et al.,
2017). In basal breast cancer cells, PEAK1 upregulation
activates ERK1/2 and Stat3 signals, and decreases cell
viability; On the contrary, PEAK1 downregulation
inactivates ERK1/2 and Stat3 signals, and increases cell
viability (Tactacan et al., 2015). A recent study found
that collagen-mediated activation of DDR1 induced
PEAKI, SRC, and PYK2 signals in pancreatic cancer
cells, resulting in collagen-induced chemoresistance and
tumor progression (Aguilera et al., 2017). These
accumulating data indicate that PEAK1 regulates
chemoresistance. Therefore, PEAK1 is possibly a new
therapeutic target for cancer. However, the role and
mechanisms of PEAK1 on BRAFV00E inhibitor
resistance in ATC cells is unknown. In the present study,
we examined the role and mechanisms of PEAK1
inhibition on the sensitivity of ATC cells to
Vemurafenib.

Materials and methods
Cell culture

The BRAFY®00E mytant ATC cell line 8505C and
Hth74 were obtained from European Collection of Cell
Cultures. The two cell lines were cultured in complete
RPMI 1640 medium containing 10% fetal bovine serum,
and authenticated and detected for Mycoplasma before
use, and the identity of the cell lines was verified by
short tandem repeat (STR) analysis. A monolayer of 50-
70% confluent cells was used in all of the assays.

SiRNA (Small interfering RNA) transfection

siRNA oligonucleotides targeting Pseudopodium
Enriched Atypical Kinase 1 (PEAK1 siRNA) were from
Sigma (SASI Hs02 00357289). siRNA guide sequences
targeting BIM (Bim siRNA) were obtained from CST
(Cell Signaling Technology, Shanghai, China).
Nontargeting siRNA was purchased from Dharmacon
and served as a negative control. Cells were seeded 24h
before transfection at 50-60% confluence in growth
medium without antibiotics. 100 nM siRNAs were then
transfected into culture’s 8505C and Hth74 cells using
Lipofectamine 2000 reagent (Invitrogen, Shanghai,
China) following the manufacturer's instructions. The
cells were harvested 24-72h after transfection for
Western blot analyses. To get the stable PEAKI
siRNA/NC siRNA colony, 8505C and Hth74 cells were
transfected into PEAK1 siRNA/NC siRNA for 24h, then
selected by puromycin (1 pg/mL) for 7 days.

Drug treatments

Vemurafenib was dissolved in absolute dimethyl
sulfoxide (DMSO, vehicle) (Sigma, USA) to achieve a
stock concentration of 10 mM for in vitro assays. 8505C
or Hth74 cells were treated for 0-72h in the presence of

0.2% FBS DMEM at final 2% DMSO with: 0.1,0.5,1,
2.5,50r 10 uM of Vemurafenib.

Western blot assay

Cells were lysed with 100 pL Triton X-100 lysis
buffer and clarified by centrifugation at 12,500 rpm for
30 minutes. Protein concentrations were measured
according to the manufacturer’s protocol (Bio-Rad). Cell
lysates containing 30 pg total protein were analyzed
using the standard Western blotting methods. The
primary antibodies were obtained from Cell Signaling
Technologies: PEAK1, Bim and a-Tubuline. The
secondary antibody (anti-rabbit IgG) was from Santa
Cruz Biotechnology. Equal protein sample loading was
monitored using a a-Tubuline antibody. Protein bands
were detected using chemiluminescence reagents.

MTT assay

The 8505C and Hth74 cells were plated at a density
of 5000 cells/well in a 96-well plate and treated the next
day with PEAK1siRNA or NS siRNA (100 nmol/L) for
1-5 days. To explore the effect of Vemurafenib (Selleck
Chemicals, Houston, TX) on the cell viability, cells were
plated on a 96-well plate (5000 cells/well) to determine
the dose-response after 3 days of Vemurafenib or vehicle
(DMSO) treatment. To explore the effect of
PEAKI1siRNA or NS siRNA on Vemurafenib sensitivity,
the cells were plated at a density of 5000 cells/well in a
96-well plate and treated the next day with PEAKI1
siRNA or NS siRNA (100 nmol/L) for 16h, then treated
with a series of concentrations of Vemurafenib or vehicle
(DMSO) for 3 days. To explore the effect of Bim on
Vemurafenib sensitivity, the stable PEAK1 siRNA/NC
siRNA colonies were plated at a density of 5000
cells/well in a 96-well plate and treated the next day with
Bim siRNA or NS siRNA (100 nmol/L) for 16h, then
treated with a series of concentrations of Vemurafenib or
vehicle (DMSO) for 3 days. MTT was added at the end
point to determine cell viability.

Colony formation assay

The stable PEAK1 siRNA or NS siRNA transfected
cells (1x10%) were seeded into 6-well plates and cultured
for 7 days. After 7 days, cells were fixed and stained
with MayGrunwald-Giemsa. The number of colonies
were counted and reported in graphs.

Apoptosis analyses

Cell apoptosis in early and late stages was detected
using an Annexin V-FITC apoptosis detection kit from
Bio-Vision (Mountain View, USA) according to the
manufacturer's protocol. Briefly, 3x10° 8505C and
Hth74 cells were seeded into 6-well plates and treated
the next day with PEAKI1 siRNA or NS siRNA (100
nmol/L) for 3 days. Furthermore, 8505C or Hth74 cells
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(3x10%) were seeded into 6-well plates and treated the
next day with PEAK1 siRNA or Bim siRNA or NS
siRNA (100 nmol/L) for 16h, then exposed to
Vemurafenib for 3 days. In addition, the stable
PEAK1siRNA or NS siRNA transfected cells (3x10°)
were seeded into 6-well plates and treated the next day
with Bim siRNA or NS siRNA (100 nmol/L) for 16h,
then exposed to Vemurafenib for 3 days. Then the cells
were collected and flow cytometry was performed. All
samples were assayed in triplicate.

Statistical analysis

The Chi-square test or Student’s t test was used for
analysis of the significance of each corresponding group.

p<0.05 was considered statistically significant. All
data were analyzed using the SPSS22.0 software.

Results
Targeting PEAK1 prevents viability in ATC cells in vitro

PEAKI1 siRNA (100 nM) or NC siRNA (NC) (100
nM) was transfected into 8505C and Hth74 cells for 48h,
the knockdown efficiency was determined by western
blot assay (Fig. 1A). We confirmed that the PEAKI1
protein expression showed a significant decrease in the
two cells, respectively. No significant change was shown
in NC siRNA transfected cells. To determine the
biologic effect of targeting PEAK1 on cell viability, we
conducted the MTT assay. Targeting PEAKI
significantly inhibited cell viability in both of the cells
(Fig. 1B,C). We then performed colony formation assays
to evaluate the effectiveness of targeting PEAK1 on cell
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growth. We found that the cells transfected with PEAK1
siRNA produced fewer colonies compared with the NC
siRNA-transfected cells (Fig. 1D).

Targeting PEAKT did not affect apoptosis, but increased
the sensitivity of ATC cells to Vemurafenib in vitro

To determine the mechanism by which targeting
PEAKI reduced viability, we first evaluated the PEAK1
siRNA-induced apoptosis in the two cells by Annexin
V/PI staining and evaluated by flow cytometric analysis.
The results showed that targeting PEAK1 for 72h did not
significantly increase cell apoptosis (Fig. 2A).

We first determined the sensitivity of the 8505C and
Hth74 cells to Vemurafenib. 8505C and Hth74 cells
were exposed to 0.1, 0.5, 1, 2.5, 5 or 10 uM of
Vemurafenib for 72h. The results showed the IC50 (drug
concentration eliciting 50% of the maximum inhibition)
was 2.4 uM for 8505C cells and 1.6 uM for Hth74 cells
by MTT assay (Fig. 2B).

To assess the effect of PEAKI1 inhibition on
Vemurafenib response, the 8505C and Hth74 cells were
transfected with PEAK1 siRNA or NC siRNA, then treated
withl pM of Vemurafenib for 72h. The results showed that
the combined PEAK1 siRNA and Vemurafenib treatment
significantly decreased cell viability in 8505C and Hth74
cells by MTT assay, respectively (Fig. 2B).

Targeting PEAK1 improves cell response to Vemurafenib
-induced apoptosis

8505C and Hth74 cells is relatively resistant to
Vemurafenib by MTT assay, we further investigated
whether Vemurafenib could activate PEAK1 expression,
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Fig. 1. Effect of PEAK1 on cell growth in vitro. A.
PEAK1 siRNA transfection blocked PEAK1
expression by western blot assay in 8505C and
Hth74 cells. B. Targeting PEAK1 expression
suppresses 8505C cell viability in vitro. C.
Targeting PEAK1 expression suppresses Hth74
cell viability in vitro. D. The cell growth of 8505C
and Hth74 cells with PEAK1 inhibition by colony
formation assays. Vs control; *p<0.05. **p<0.01.
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which results in Vemurafenib resistance in both of the
cells. For these experiments, 8505C and Hth74 cells
were exposed to 1.0 uM Vemurafenib for 2, 6, 8, 12, 24,
48 and 72h. PEAKI1 protein was detected by Western
blot assay. PEAKI expression was enhanced from 6-12h
in 8505C and Hth74 cells (Fig. 3A). Targeting PEAK1
sensitizes both cells to Vemurafenib by inhibiting cell
viability. We next determined whether PEAK1 inhibition
improves Vemurafenib -induced apoptosis. 8505C and
Hth74 cells were depleted of PEAK1 by siRNA
treatment and allowed to be exposed to Vemurafenib
(1.0uM) for 72h. We observed that Vemurafenib
treatment induced fewer apoptotic cells in 8505C and
Hth74 cells, but PEAK1 inhibition markedly enhanced
Vemurafenib -induced cell apoptosis (Fig. 3C), and
inhibited PEAK1 expression in Vemurafenib treated
cells (Fig. 3B). These data suggest that targeting PEAK1
sensitizes BRAF-mutated cells to Vemurafenib treatment
by inducing cell apoptosis.

Fig. 2. Targeting PEAK1 did not affect apoptosis, but increased the
sensitivity of ATC cells to vemurafenib in vitro. 8505C and Hth74 cells
were transfected with PEAK1 siRNA or control siRNA for 72h. A. Cell
apoptosis was detected by Annexin V/PI staining and evaluated by flow
cytometric analysis. B. 8505C and Hth74 cells were exposed to 0.1, 0.5,
1, 2.5, 5 or 10 uM of vemurafenib for 72h, cell viability was detected by
MTT assay. C. 8505C and Hth74 cells were transfected with PEAK1
siRNA or control siRNA, then treated with 1 uM of vemurafenib for 72h,
cell viability was detected by MTT assay.
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Fig. 3. Targeting PEAK1 improves cell response to vemurafenib -induced
apoptosis. A. 8505C and Hth74 cells were exposed to 1 uM of vemurafenib for 0-
72h, PEAK1 protein was detected by Western blot assay. B. 8505C and Hth74
cells were transfected with PEAK1 siRNA or its control siRNA, then treated with
vemurafenib for 72h, PEAK1 protein was detected by Western blot assay. C.
8505C and Hth74 cells were transfected with PEAK1 siRNA or its control siRNA,
then treated with vemurafenib for 72h. Cell apoptosis was detected by Annexin
V/PI staining and evaluated by flow cytometric analysis.
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Targeting PEAK1 sensitized Vemurafenib induced
apoptosis by upregulating Bim

Vemurafenib upregulated Bim, which contributed to
Vemurafenib -induced apoptosis in BRAFV9E muytant
melanoma cells. In our study, slight upregulation of Bim
expression was found after Vemurafenib (1.0 pM)
treatments for 72h in both 8505C and Hth74 cells (Fig.
4A,B) but transfection with PEAK1 siRNA significantly
promoted Vemurafenib-induced Bim protein expression
in both cells (Fig. 4A,B).

PEAKI1 deletion alone or Vemurafenib (1.0 uM)
alone have a lesser effect on cell apoptosis in both of the
cells. And combined PEAK1 deletion and Vemurafenib
systematically increased the pro-apoptotic effect. We
therefore determined whether Bim upregulation was
related to the systematical effect. Transfection with Bim
siRNA significantly inhibited the upregulation of Bim in
both of the cells with combined PEAK1 deletion and
Vemurafenib(1.0 uM) treatment for 72h (Fig. 4C).

We next examined the effects of the deletion of Bim
alone or the combined deletion on cell apoptosis.
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Deletion of Bim attenuated PEAK1 deletion in
combination with Vemurafenib (1.0 uM) induced cell
apoptosis in both of the cells by flow cytometric assay
(Fig. 4D).

Discussion

BRAFVY®00E mytation is a frequent event in ATC, a
20-25% mutation rate. Vemurafenib was developed as a
low molecular weight molecule for the inhibition of the
mutated serine threonine kinase BRAF, and it selectively
binds to the ATP-binding site of BRAFV0E kinase and
inhibits its activity. Vemurafenib inhibits tumor
proliferation and oncogenic BRAF signaling through the
MAPK pathway. Clinical studies have demonstrated that
Vemurafenib improved goroEgression—free survival in
patients with BRAFY0%E mutant melanoma by
inhibiting MAPK signals, but primary resistance and
development of secondary resistance to Vemurafenib
resulted in only a transient initial response (Prahallad et
al., 2012), the reasons of this disparity remain unclear.
Several studies have tried to unravel the molecular basis
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Fig. 4. Targeting PEAK1 improves vemurafenib -induced apoptosis by upregulation of Bim expression. A, B. 8505C and Hth74 cells were transfected
with PEAK1 siRNA or/and treated with vemurafenib for 12-72h, Bim protein was detected in both of the cells by Western blot assay. C. NC siRNA or
PEAK1 siRNA transfected 8505C and Hth74 cells were transfected with Bim siRNA or/and treated with vemurafenib for 12-72h. Bim protein was
detected in both of the cells by Western blot assay. D. NC siRNA or PEAK1 siRNA transfected 8505C and Hth74 cells were transfected with Bim
siRNA, then treated with vemurafenib for 72h. Cell apoptis was detected by Annexin V/PI staining and evaluated by flow cytometric analysis.
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of chemoresistance to Vemurafenib. Interest has centered
on the role of reactivation of cell proliferation and anti-
apoptotic pathways (Vin et al., 2013; Benito-Jardon et
al., 2019). However, the precise mechanism involved in
Vemurafenib resistance by apoptotic signaling inhibition
needs to be elucidated for ATC.

PEAKI is overexpressed in many human malignan-
cies (Strnadel et al., 2017; Ding et al., 2018). Previously,
enhanced PEAK1 expression was reported to promote
tumor cell proliferation and invasiveness in pancreatic
ductal epithelial cell (Tactacan et al., 2015), HMVECs
and HUVECs (Wang et al., 2018) and MEFs (Zheng et
al., 2013). In our study, we used 8505C and Hth74 cells
to investigate the role of PEAKI1 in vitro. The results
demonstrated that targeting PEAK1 inhibited cell
viability and decreased the number of colonies in 8505C
and Hth74 cells in vitro. We further studied the
mechanism of targeting PEAK1 on cell viability
inhibition. We observed that targeting PEAK1 alone did
not significantly affect cell apoptosis in both cells. This
means that the inhibition of cell viability by targeting
PEAKI1 alone is not achieved by promoting cell
apoptosis, but may be achieved through other pathways.
Targeting PEAK 1 alone was reported to reduce cell
cycle and cell cycle associated proteins (Strnadel et al.,
2017). Further research is needed to determine whether
targeting PEAK1 inhibits cell viability by affecting the
cell cycle.

PEAKI1 overexpression is reported to be related with
collagen-mediated chemoresistance in pancreatic cancer
cells (Aguilera et al., 2017). Kelber et al. (2012) and
Fujimura et al. (2014) reported that targeting PEAK1
sensitized the PDAC cells to the current first-line
chemotherapy gemcitabine. PEAK1 was over-expressed
in the resistant PDAC cells, but in the sensitive PDAC
cells, PEAK1 was down-expressed, and gemcitabine
treatment increased PEAK1 expression in the sensitive
PDAC cells (Fujimura et al., 2014), suggesting that
required PEAK1 expression may be related to
gemcitabine resistance. In our study, high PEAKI1
expression was observed in 8505C and Hth74 cells,
which were resistant to Vemurafenib treatment, whereas
targeting PEAK1 restored sensitivity to Vemurafenib in
8505C and Hth74 cells. These data indicated that
PEAK1 may be a target to reduce Vemurafenib
resistance in ATC cells. Although targeting PEAKI1
expression reduced Vemurafenib resistance, the
underlying mechanisms are unknown.

In our study, targeting PEAK1 alone or Vemurafenib
alone inhibited cell viability and colony formation, but
did not induce apoptotis. However the combined PEAK1
inhibition and Vemurafenib markedly enhanced cell
apoptosis, suggesting that targeting PEAK1 sensitizes
ATC cells to Vemurafenib treatment by inducing cell
apoptosis. The proapoptotic BH3-only Bim plays a key
role in the control of apoptosis and in the initiation of the
apoptotic pathways (Adams and Cory, 2007;
Mukhopadhyay et al., 2014). In the present study in
vitro, targeting PEAK1 alone or Vemurafenib treatment

alone did not significantly upregulate Bim expression in
both of the cells. But the combined PEAK1 inhibition
and Vemurafenib markedly upregulated Bim expression
in both of the cells. Our findings reported here that
targeting Bim inhibited Vemurafenib -induced cell
apoptosis in presence of PEAKI1 inhibition in vitro.
These results indicate that targeting PEAKI1 sensitized
ATC cells to Vemurafenib through Bim upregulation.

In summary, our study demonstrates that targeting
PEAKI in combination with Vemurafenib treatment
increases the Vemurafenib sensitivity. Targeting PEAK1
can activate Bim expression to neutralize Vemurafenib
resistance. Therefore, targeting PEAK1 is a new strategy
to treat BRAF-mutated advanced thyroid cancer patients
that are either primarily insensitive to Vemurafenib or
those are have developed resistance against BRAF
inhibition.
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