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Purpose: Thyroid cancer is the most frequent malignancict system, and it
has became the fastest growing type of cancer worldwal§®. 1 ipM¥inknown about
the molecular mechanisms of thyroid cancer. Studd certain relation-

thyroid carcinoma.
Methods: Whole exon sequence a ce of primary papillary thyroid
carcinoma (PTC) samples and j normal thyroid tissue samples were per-
formed and then bioinformaig i ut. PTC cell lines (TPC1, BCPAP, and
KTC-1) with transfection
ARAP3 gene, including cel

g2 RNA were used to investigate the functions of
ay, colony formation assay, migration assay, and
invasion assay.
nce and bioinformatics analysis, we found ARAP3
& in thyroid cancer. Downregulation of ARAP3 significantly
(TPC1, BCPAP, and KTC-1), cell proliferation, colony formation,

indicated that ARAP3 genes have important biological implications
Otontially drugable target in PTC.
Keyw&@ks: papillary thyroid carcinoma, next-generation sequence, ARAP3, oncogene

roduction

Thy®8id cancer is one of the most frequent malignancies of the endocrine system, and
it has become the fastest growing type of cancer worldwide.!? Recently, the number
of thyroid cancer cases annually had increased by 4% globally and its incidence is
predicted to become the fourth leading cancer diagnosis by 2030.3

Papillary thyroid carcinoma (PTC) is the most common type of thyroid malignancy,
accounting for 80%—85% of all types of thyroid cancers.* Recent studies have found
that the tumorigenesis and development of thyroid cancer predominantly are driven
by genetic factors, including the activation of oncogenes and inactivation of tumor
suppressor genes.* ¢ BRAF mutation, which can aberrantly activate the MAP kinase
pathway, plays a fundamental role in thyroid tumorigenesis, especially in PTC. Other
mutations such as TERT mutation,” RAS mutation,*® PIK3CA mutation,”!! PTEN
mutation,'? and TP53 mutation'*!* also play an important role in thyroid tumorigenesis
and development.

Although much progress has been made in genetic research, much still remains
unknown about the molecular mechanisms of PTC. To further understand the genetic
mechanism of thyroid cancer, we performed whole exon sequence of 65 primary PTC
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tissue samples and matched adjacent normal thyroid tissue
samples and whole genome sequence of 10 primary PTC
tissue samples and matched adjacent normal thyroid tissue
samples. We then identified ARAP3 gene may act as a novel
tumor oncogene in PTC.

ARAP3 (ArfGAP with RhoGAP domain, ankyrin
repeat, and PH domain 3) encodes a phosphoinositide-
binding protein containing ARF-GAP, RHO-GAP, RAS-
associating, and pleckstrin homology domains. ARAP3 was
first identified for its ability to bind to phosphatidylinositol
(3.4,5)-triphosphate in porcine leukocytes.'”> ARAP3, on
activation of PI3K signaling, is found to be recruited to the
plasma membrane, regulating lamellipodia formation and
growth factor signaling.'>!® Song et al revealed that ARAP3
minimally impacts hematopoietic stem cells in adult bone
marrow despite its critical role in embryonic vascular devel-
opment.!7 Several studies have found that AR4AP3 gene has
certain relations with human cancers. Yagi et al found that
ARAP3 inhibits peritoneal dissemination of scirrhous gastric
carcinoma cells by regulating cell adhesion and invasion.'®
However, whether ARAP3 gene also plays an important role
in PTC is still unknown.

Although studies have found that some certain relation-
ship between ARAP3 and human cancer, the role of ARA
in thyroid cancer has not been well explained. In this stud

by performing next-generation sequence and bjgs

Primary PTC samples
tissue samples wa
ogen immediately after
stored ata —80°C freezer.
Histopatholog Blides were reviewed retrospectively for
all cases to confir@ihe histological diagnosis and to ensure
abundant cancer cont®it of the tumor by two pathologists. All
procedures performed in studies involving human participants
were in accordance with the ethical standards of the Ethics
Committee of the First Affiliated Hospital of Wenzhou
Medical University. Informed consent for the scientific use

of biological material was obtained from each patient.

Cell lines and cell culture
The TPC1 and BCPAP cell lines were kindly provided by
Professor Mingzhao Xing of the Johns Hopkins University

School of Medicine, Baltimore, MA, USA. KTC-1 cell line
was kindly provided by Stem Cell Bank, Chinese Academy
of Sciences. The TPC1 and BCPAP were cultured in
RPMI1640 supplemented with 10% fetal bovine serum and
1x MEM nonessential amino acids +1x sodium pyruvate.
The KTC-1 was cultured in RPMI1640 supplemented with
10% fetal bovine serum and 1xX MEM nonessential amino
acids. All cell lines were incubated at 37°C in a humidified

atmosphere containing 5% CO,.

TAGACAAGCTC-3" (forward) and
AACTGCACAA-3’ (reverse); GAPDH:
TCAACGGATTTG-3’ (forward); and
CCCCAGCCTTCTCCAT-3’ (reverse).

rotein extraction and Western blot
alysis

Treated cells were lysed in RIPA lysis buffer (Beyotime,
Shanghai, China). An equal amount of protein of about 20 pug
was separated by sodium dodecyl sulfate polyacrylamide
gel electrophoresis and transferred onto the polyvinylidene
fluoride membrane. After blocking with 5% skimmed milk,
the polyvinylidene fluoride membrane was incubated with
anti-ARAP3 antibody (Abcam, USA). After washing three
times with tris-buffered saline and Tween 20, the membrane
was incubated with horseradish peroxidase-linked secondary
anti-goat immunoglobulin G antibody (Abcam) at room
temperature for 1.5 h. GAPDH protein, detected using an
anti-GAPDH antibody (Abcam), was used for control.

RNA interference

Small interfering RNA (siRNA) for ARAP3 was purchased
from Shanghai Gene Pharma (Shanghai, China) for siRNA-
mediated gene knockdown, 8x10* (TPC1) or 2x10° cells
(BCPAP, KTC-1) were transfected with 10 uL (TPC1)
or 7.5 uL (KTC-1) or 5 uL (BCPAP) siRNA (20 uM)
and 4 uL RNAIMAX (Life Technologies, Carlsbad, CA,
USA) in a 6-well plate according to the manufacturer’s
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recommendations. Cells were harvested 48 h after transfec-
tion for subsequent protein or RNA expression analysis.

Cell proliferation assay and colony formation assay
For the proliferation assay, TPC1, KTC-1 cells (3x10° cells)
and BCPAP cells (5x10° cells) were seeded in 96-well plates
and then transfected with siRNA. All cells were then incu-
bated at 37°C for consecutive 5 days. MTS (Solution Cell
Proliferation Assay; Promega, Fitchburg, WI, USA) was
added to the cells and, following a 2-h incubation, absorbance
was measured at 490 nm using Spectramax M5 (Molecular
Devices, Sunnyvale, CA, USA).

For the colony forming assay, the three transfectant cells
or control cells (2x10* cells for TPC1 and KTC-1, 4x10?
cells for BCPAP) were seeded in 6-well plates, incubated for
8—14 days and then fixated with 4% PFA (paraformaldehyde;
Sigma, USA) for 30 min and stained with 0.01% crystal violet
for 30 min. All assays were performed in triplicate.

Migration and invasion assays

To detect the changed capacity of tumor cell migration,
transwell cell culture chambers were used, according to
the manufacturer’s instructions (Corning Costar Corp,

e lower chamber was filled with culture
pented with 20% fetal bovine serum. The
cells were then 1®ubated at 37°C in a humidified incubator
in 5% CO, for 24 h. Cells that did not traverse the filter

medium supp

were wiped off. Cells on the reverse side of the filter were
fixated with 4% PFA (Sigma) for 30 min and stained with
0.01% crystal violet for 30 min, and photographed under
light microscope.

Statistical analysis

Data on normal distribution were expressed as mean = stan-
dard deviation and were compared with #-test. Categorical
variables were expressed as percentage and were compared
with chi-square test or Fisher’s exact test, as appropriate.
All P—Values were two s1ded andg

g all the 75 patients (38 patients are BRAF
and 37 patients are BRAF V600E negative),
ation (141052399) was found in 4 patients with-
BB AF V60OE mutation. None was found in patients with
BRAF V600E mutation. A recurrence mutation (141052399)
in 4 of all the 75 patients was identified. The detailed infor-
mation of ARAP3 mutation (141052399) detected by next-
generation sequence is shown in Table 1. The mutation rate
was low in these four patients, with 11.76%, 13.04%, 12.5%,
11.54%, respectively.

ARAP3 downregulation suppressed TPCI,
BCPAP and KTC-I cell proliferation and

colony formation

To determine whether ARAP3 really plays an oncogenic role
in thyroid cancer, we downregulated the gene expression level
of ARAP3 by using siRNA. As shown in Figure 1, ARAP3
mRNA expression was effectively downregulated in both
RNA and protein level. Then we carried out cell proliferation
assays and colony formation assays in three PTC cell lines

Table | The detailed information of ARAP3 mutation detected by next-generation sequence (4/75)

Sample CHROM POS Mutation RefNr RefAA ThisNr ThisAA Mutation BRAF
rate (%) type V600E
Ql chr5 141052399 11.76 CTC Leu CCC Pro Missense Wild type
Q4 chr5 141052399 13.04 CTC Leu CCC Pro Missense Wild type
Q8 chr5 141052399 12.5 CTC Leu CCC Pro Missense Wild type
Qlo chr5 141052399 11.54 CTC Leu CCcC Pro Missense Wild type
Note: Mutation rate means the proportion of mutation bases accounts for all the bases detected by next-generation sequence.
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Figure | Knockdown of ARAP3 gene in three papillary thyroid carcinoma cell lines (TPCI, BCPAP, and KTC-1).
Notes: ARAP3 depletion was monitored by real-time polymerase chain reaction (A) and Western blotting (B). ARAP3 mRNA expression was effectively downregulated
in TPCI, BCPAP, and KTC-I cells transfected with small interfering RNA compared with NC in both RNA and protein level. ***P<0.0] 4 on with NC using
Student’s t-test.

(TPC1, BCPAP, and KTC-1). As shown in Figure 2A, an  significantly reduced in
evident inhibition of cell proliferation by downregulating  (S1and S2) compared
ARAP3 expression (transfection with siRNA) compared with ~ All three cell lines
the control (transfection with NC) was detected in three cell ~ with siRNA mi
lines (P<0.05). Cell lines transfected with siRNA showed  after 24 h s
decreased proliferation capacity, starting to reach statistical  in TPC1 and BCPA
significance at 3 or 4 days of cell culture. The inhibitory  assa
effect is more obvious in TPCI. tio
To confirm the results of cell proliferation assays, we can PC1, BCPAP, and KTC-1). As shown
ious decrease in the number of invading
cell lines transfected with siRNA and the
Is (P<<0.05). These together indicated ARAP3

ene as a significant oncogene involving in tumorigenesis

performed colony formation assays. Cell colony formati

was also significantly inhibited by ARAP3 downregulati
(P<<0.05) (Figure 2B and C), consistent with the finding o
cell proliferation assays.

etastasis in PTC.

ARAP3 downregulation inhibit
TPCI,BCPAP and KTC-I

and invasion
Next, to investigate the role g migratory and  for thyroid cancer, much still remains unknown about the

Discussion
Although much progress in genetic research had been made

invasive abilities of thyroi 1,BCPAP, molecular mechanisms of PTC. There are still more than
and KTC-1), we cartj igration and transwell 4% PTC cases with unknown oncogenic driver and many

invasion assays. The owed that it was  epigenetic alterations have not yet been well studied.'” Using
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Figure 2 (Continued)
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whole exon sequence and whole genome sequence, .18 However, little is known about its function

gene was found to may be act as an important onc an cancer especially thyroid cancer.
role in PTC. Some studies have demonstrateg n this study, the aim was to investigate the potential tum-
origenic role of ARAP3 gene in thyroid cancer. Using whole
exon sequence and whole genome sequence, a recurrence
mutation (141052399) was found in 4 of all the 75 patients in

ARAP3 gene. Moreover, it was missense mutation and amino
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Figure 3 Downregulation of ARAP3 suppressed papillary thyroid carcinoma cell lines (TPCI, BCPAP, and KTC-1) cell migration.

Notes: (A) Migration assay. Migrating cell number was much less in TPCI, BCPAP, and KTC-1 cells transfected with small interfering RNA compared with NC. (B) Relative
quantification of migrating cell number. Columns represent the mean of migrating cell numbers from at least three independent experiments and the little vertical bars at the
top of the columns represent SD. **P<0.05, ***P<<0.01 in comparison with NC using Student’s t-test.
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acid was located in one of the protein domains. These find-
ings suggest that ARAP3 may play a critical role in thyroid
cancer and prompted us to take the next step to functionally
study the ARAP3 gene in cell lines. Therefore, three thyroid
cancer cell lines, TPC1, BCPAP, and KTC-1, were chose
cellular models for PTC. Then, using cellular and molecu
approaches, ARAP3 downregulation was shown to lead to th

ause the rate of mutation

j methods need to
be explored.
atures and ARAP3 gene
as lymph node metastasis

ship betweg

and disease-fred ival. Third, the specific mechanisms
enic role of ARAP3 and whether there

is epigenetic alteration in the ARAP3 gene in thyroid cancer

involved in the tumd3

still remains to be investigated.

All in all, in this study, by using high-throughput
sequence, bioinformatics analysis, and cellular and molecular
approaches, exertion of ARAP3 gene as a tumorigenic role
in PTC was demonstrated, particularly in proliferation and
tumor metastasis, which add to our understanding of the
molecular pathogenesis of PTC. This study indicated that

orm statistical analysis. This work was supported
from the National High Technology Research
nd Development Program of 863 project of China (NO
12AA02A210) and Major Science and Technology Proj-
ects of Zhejian Province (2015C03052).

Disclosure
The authors report no conflicts of interest in this work.

References

1. Nikiforov YE, Nikiforova MN. Molecular genetics and diagnosis of
thyroid cancer. Nat Rev Endocrinol. 2011;7:569-580.

2. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. C4A Cancer
J Clin. 2014;64:9-29.

3. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM,
Matrisian LM. Projecting cancer incidence and deaths to 2030: the
unexpected burden of thyroid, liver, and pancreas cancers in the United
States. Cancer Res. 2014;74:2913-2921.

4. Xing M. Molecular pathogenesis and mechanisms of thyroid cancer.
Nat Rev Cancer. 2013;13:184-199.

5. Xing M. BRAF mutation in thyroid cancer. Endocr Relat Cancer. 2005;
12:245-262.

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

7. LiuX, BishopJ, Shan Y, et al. Highly prevalent TERT promoter mutations
in aggressive thyroid cancers. Endocr Relat Cancer. 2013;20:603—610.

8. LiuZ, Hou P, Ji M, et al. Highly prevalent genetic alterations in receptor
tyrosine kinases and phosphatidylinositol 3-kinase/akt and mitogen-
activated protein kinase pathways in anaplastic and follicular thyroid
cancers. J Clin Endocr Metab. 2008;93:3106-3116.

submit your manuscript

7166

Dove

OncoTargets and Therapy 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Next-generation sequence detects ARAP3 as a novel oncogene

9. Abubaker J, Jehan Z, Bavi P, et al. Clinicopathological analysis of
papillary thyroid cancer with PIK3CA alterations in a Middle Eastern
population. J Clin Endocr Metab. 2008;93:611-618.

10. Garcia-Rostan G, Costa AM, Pereira-Castro I, et al. Mutation of the
PIK3CA gene in anaplastic thyroid cancer. Cancer Res. 2005;65:
10199-10207.

11. Hou P, Liu D, Shan Y, Hu S, et al. Genetic alterations and their rela-
tionship in the phosphatidylinositol 3-kinase/Akt pathway in thyroid
cancer. Clin Cancer Res. 2007;13:1161-1170.

12. GustafsonS, Zbuk KM, Scacheri C, Eng C. Cowden syndrome. Semin
Oncol. 2007;34:428-434.

13. Donghi R, Longoni A, Pilotti S, Michieli P, Della Porta G, Pierotti MA.
Gene p53 mutations are restricted to poorly differentiated and undif-
ferentiated carcinomas of the thyroid gland. J Clin Investig. 1993;91:
1753-1760.

14. Fagin JA, Matsuo K, Karmakar A, Chen DL, Tang SH, Koeffler HP.
High prevalence of mutations of the p53 gene in poorly differentiated
human thyroid carcinomas. J Clin Investig. 1993;91:179-184.

A
&

OncoTargets and Therapy

Publish your work in this journal

OncoTargets and Therapy is an international, peer-reviewed, open
access journal focusing on the pathological basis of all cancers, potential
targets for therapy and treatment protocols employed to improve the
management of cancer patients. The journal also focuses on the impact
of management programs and new therapeutic agents and protocols on

Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal

15.

16.

17.

18.

19.

Krugmann S, Anderson KE, Ridley SH, Risso N, et al. Identification of
ARAP3, a novel PI3K effector regulating both Arf and Rho GTPases,
by selective capture on phosphoinositide affinity matrices. Mol Cell.
2002;9:95-108.

Krugmann S, Andrews S, Stephens L, Hawkins PT. ARAP3 is essential
for formation of lamellipodia after growth factor stimulation. J Cell Sci.
2006;119:425-432.

Song Y, Jiang J, Vermeren S, Tong W. ARAP3 functions in hematopoi-
etic stem cells. PloS One. 2014;9:¢116107.

Yagi R, Tanaka M, Sasaki K, et al. ARAP3 inhibits peritoneal dissemi-
nation of scirrhous gastric carcinoma cells by regulating cell adhesion
and invasion. Oncogene. 2011;30:1413-1421.

Agarwal N, Akbani R, Aksoy BA, et al. Integrated genomic character-
ization of papillary thyroid carcinoma. Cancer Genome Atlas Research
Network. Cell. 2014;159:676-690.

Dove

patient perspectives such as quality of life, adherence and satisfaction.
The manuscript management system is completely online and includes
a very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

OncoTargets and Therapy 2016:9

submit your manuscript 7167

Dove


http://www.dovepress.com/oncotargets-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 
	Nimber of times reviewed 2: 


