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1 | INTRODUCTION

Abstract

Thyroid cancer is maintaining at a high incidence level and its carcinogenesis is
mainly affected by a complex gene interaction. By analysis of the next-generation
resequencing of paired papillary thyroid cancer (PTC) and adjacent thyroid tissues,
we found that Growth Associated Protein 43 (GAP43), a phosphoprotein activated
by protein kinase C, might be novel markers associated with PTC. However, its func-
tion in thyroid carcinoma has been poorly understood. We discovered that GAP43
was significantly overexpressed in thyroid carcinoma and these results were consist-
ent with that in The Cancer Genome Atlas (TCGA) cohort. In addition, some clinico-
pathological features of GAP43 in TCGA database showed that up-regulated GAP43
is significantly connected to lymph node metastasis (P < 0.001) and tumour size
(P = 0.038). In vitro experiments, loss of function experiments was performed to in-
vestigate GAP43 in PTC cell lines (TPC-1 and BCPAP). The results proved that GAP43
knockdown in PTC cell significantly decreased the function of cell proliferation, col-
ony formation, migration, and invasion and induced cell apoptosis. Furthermore, we
also indicated that GAP43 could modulate the expression of epithelial-mesenchymal
transition-related proteins, which could influence invasion and migration. Put those
results together, GAP43 is a gene which was associated with PTC and might be a

potential therapeutic target.
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is high, it is generally considered that PTC is relatively curable and

has a good prognosis.®” After a surgical operation or radio-iodin-

Thyroid cancer (TC) is maintaining at a high incidence level and it
becomes one of the most common cancers in worldwide.? The
US National Cancer Institute anticipated 53 990 new cases besides
2110 death numbers of patients because of TC in the USA in 2018.%4
Besides, the papillary thyroid cancer (PTC) is the commonest sub-
type of TC (accounts for 80%-90%).> Although the incidence of PTC

ated therapy, patients with PTC show satisfactory prognosis besides
a general 10-year survival rate of 90%.” However, clinical course of
PTC usually follows indolent and carries excellent prognosis, it is still
highly metastatic and relapses after routine treatment.” Lymph node
metastasis (LNM) is the main factor of locoregional recurrence and

a distinct risk factor of mortality.s’10 LNM has been shown to occur

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2019 The Authors. Journal of Cellular and Molecular Medicine published by John Wiley & Sons Ltd and Foundation for Cellular and Molecular Medicine.

7974 | wileyonlinelibrary.com/journal/jcmm

J Cell Mol Med. 2019;23:7974-7984.


www.wileyonlinelibrary.com/journal/jcmm
https://orcid.org/0000-0002-4540-2711
mailto:﻿
mailto:﻿
mailto:﻿
http://creativecommons.org/licenses/by/4.0/
mailto:oncology_zhang@outlook.com
mailto:woc863@hotmail.com

ZHENG ET AL.

in approximately 20% of all PTC patients, and regional recurrence
occurred in 10% of patients undergoing total thyroidectomy.!* So,
it is vital for us to facilitate the in-depth investigation of the mech-
anism of PTC and help doctors to provide an appropriate treatment
approach.

The incidence and development of PTC are primarily affected by
genomic alternation, involving stimulation of oncogene and silencing
of a tumour suppressor gene. Accumulating reports have been pub-
lished about molecular mechanisms of PTC over nearly a period of
20 years. B-type Raf kinase (BRAF) V600E, a famous gene mutation,
promotes PTC tumorigenesis and progression by abnormally stim-
ulating the mitogen-activated pathway kinase pathway.'? Besides,
some notable mutations such as RAS mutation,'® TERT mutation,'*
PTEN mutation,’® PIK3CA mutation®®! and TP53 mutation®® also
show a significant part in thyroid carcinoma. Numerous researchers
have made remarkable progress in TC gene research, but many char-
acters of PTC are yet relatively unspecified. Hence, examining for
new potential markers and clarifying molecular mechanisms in the
improvement of thyroid carcinoma is still essential.

In our previous study, we have conducted next-generation of 19
pairs of PTC tissues and adjacent normal thyroid tissue.'? After eval-
uating all the information, we identified that growth-associated pro-
tein 43 (GAP43), a gene encoding an axonal membrane protein, as an
oncogene promotes PTC tumorigenesis and tumour progression.'?
As for the normal function of this protein, it is normally expressed
in neuronal somata, axons and growth cones during pre- and early
postnatal development.zo'21 Consistently, it also plays a fundamental
function in neural growth, axonal regeneration and stabilisation of
synaptic function.??23 A study indicated that GAP43 genetic vari-
ants and its gene network interaction may associate with the sus-
ceptibility to Hirschsprung disease.?* A considerable report of the
mechanisms indicated that GAP43 may promote non-small lung can-
cer (NSLC) cell migration by activating Rac1 and mediating F-actin
cytoskeleton polymerisation.25 Emerging shreds of evidence have
manifested that GAP43 has an important function in many aspects;
however, whether the GAP43 gene also plays a critical role in PTC
remains unclear.

To evaluate the mRNA expression profiles of PTC, 19 paired PTC
samples and adjacent non-carcinomatous samples were conducted
to whole transcriptome sequencing. We firstly discovered GAP43
was significantly overexpressed in PTC tissue. Hence, we collected
50 pairs of tumour samples and adjacent normal tissues to validate
the expression of GAP43 by using quantitative reverse transcription-
polymerase chain reaction (QRT-PCR). Moreover, we also analysed
the relationship of GAP43 expression and clinical features in PTC.
Then, we performed a series of cell line experiments and Western
blot by siRNA to explore the role of GAP43 in TC. We established
that loss of function about GAP43 effectively inhibits the prolifera-
tion and invasion of two PTC cell lines (TPC-1, BCPAP) and promotes
apoptosis in vitro. Down-regulation of GAP43 in those cell lines de-
creased the N-cadherin and vimentin and increased E-cadherin.

Allin all, we firstly proved that GAP43 has a potential role in PTC
cell progression and could be a novel target in PTC patients.

WILEY--"7

2 | MATERIALS AND METHODS

2.1 | Samples collection

As a validated cohort, we gathered 50 fresh PTC and paired normal
tissues from patients through surgery at the First Affiliated Hospital
of Wenzhou Medical University between 2014 and 2018. All those
patients did not acquire chemotherapy or radiotherapy for pre-treat-
ment. The samples were instantly achieved at the time of initial sur-
gery and were frozen in liquid nitrogen instantly after lesion resection
and then stored at -80 Celsius before RNA extraction. All tumour tis-
sues were histologically reviewed by two pathologists, and the cases
were retrospectively reviewed by two senior pathologists to confirm
the histological diagnosis. Informed consent for the scientific use of
the biological material was obtained from each patient. All patient-de-
rived information was recorded following the protocols approved by
the ethical standards of the Ethics Committee of the First Affiliated
Hospital of Wenzhou Medical University (approval no. 2012-57).

2.2 | The Cancer Genome Atlas (TCGA) database

A total of 502 PTC patients with complete clinicopathological char-
acteristics (such as age, sex, LNM, tumor size, clinical stage (ACJJ7),
and histological type) were collected for further analysis. All data
were downloaded from the TCGA data portal (https://tcga-data.nci.
nih.gov/docs/publications/tcga/).

2.3 | RNAisolation and real-time reverse
transcription/polymerase chain reaction (qPCR)

The total RNA from the tissues was isolated using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc), according to the manu-
facturer's protocol (Life Technologies, Carlsbad, CA), cDNA was
prepared using a ReverTra Ace qPCR RT kit (Toyobo, Osaka, Japan).
To evaluate the RNA quality and quantity, we used the A260/A280
ratio as the control value. cDNA samples were all stored at -80°C.
Then, the relative expression of GAP43 was detected by ABI Prism
7500 Sequence Detection System (Thermo Fisher Scientific) by One
Step SYBR® PrimeScript®PLUS

RT-RNA PCR Kit (TaKaRa, Tokyo, Japan) according to the user
guide protocol. The primer sequences for PCR are as follows:
GAP43, forward 5- TTCCGTGGACACATAACAA-3' and reverse 5'-
GGACATCATCCTTCTTCTCT-3'; GAPDH, forward 5-GGTCGGAGT
CAACGGATTTG-3' and reverse 5'-ATGAGCCCCAGCCTTCTCCAT-3".

2.4 | Cell culture and growth conditions

The three types of human PTC cell line (TPC-1, KTC-1 and BCPAP)
and normal thyroid (HTORI3) cell lines were obtained from the
Chinese Academy of Sciences Stem Cell Bank. The use of the above
cell lines has been approved by the Ethics Committee of The First
Affiliated Hospital of Wenzhou Medical University. These cell lines

all were cultured in RPMI 1640 (Invitrogen; Thermo Fisher Scientific,


https://tcga-data.nci.nih.gov/docs/publications/tcga/
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Inc, Waltham, MA, USA), supplemented with 10% foetal bovine
serum (FBS; Invitrogen; Thermo Fisher Scientific, Inc), 1 x MEM
non-essential amino acids and 1 x sodium pyruvate. All cells were
maintained in a humidified incubator at 37°C with 5% CO,. TPC-1,
KTC1 and BCPAP cells were plated onto six-well plates at concentra-
tions of 4.5 x 10°, 7.5 x 10° and 8 x 10° cells/ well respectively, and

incubated for 24 hours in the growth medium.

2.5 | RNA interference

siRNA for GAP43 was
(Shanghai, China). The se-
of the GAP43 and negative control siRNA are
(Sense-1: GCCGUCCUCCAAGGCUGAATT,
UUCAGCCUUGGAGGACGGCTT;
GCCAAGCUGAAGAGAACAUTT; Antisense-2: AUGUUCUCUUCAG

CUUGGCTT). Scramble sequences were used as negative controls (Si-

For cell interference, synthesised
from Shanghai Gene Pharma
quences
as follows:

Antisense-1: Sense-2:

NC) in our experiments. The scramble sequences are randomly added
without any target sequence tracks. 5 x 10% TPC or 6 x 10° BCPAP
cells were transfected with either 10 pL siRNA (TPC-1) or 5 puL siRNA
(BCPAP) of iMAX (Life Technologies, Carlsbad, CA, USA) according
to the company's instructions. Cells were harvested 48 hours after
transfection for further experiments or analysis. All knockdown ex-

periments were repeatedly performed three times.

2.6 | Cell proliferation assay

A Cell Counting Kit-8 (CCK-8, Beyotime, China) was assessed to ob-
serve cell proliferation ability according to the company's protocol.
Cells were seeded into 96-well plates at the density of 1.5 x 10° cells per
well after transfection. Subsequently, 10 pL CCK-8 solution was added
to each individual well. This same procedure was repeatedly measured
at 1, 2, 3 and 4 days, respectively. CCK-8 solution (10 plL) was added
to each well and incubated for 2.5 hours at 37°C. Absorbance levels
were detected at 450 nm (OD450) using SpectraMax M5 (Molecular
Devices LLC, Sunnyvale, CA, USA). For every group, data from five dif-

ferent wells were pooled. All the assays were performed in triplicate.

2.7 | Colony formation assay

The two transfected or control groups were planted into six-well plates
at 1.5 x 10° cells and preserved in RPMI 1640 containing 10% FBS for
8-14 days. Afterwards, the cells were rinsed with phosphate-buffered sa-
line (PBS), fixed with 4% PFA (paraformaldehyde Sigma, USA) for 30 min-
utes. Finally, plates were stained with crystal violet (Sinopharm Chemical

Reagent, Beijing, China). All the assays were performed in triplicate.

2.8 | Migration and invasion assays

In the migration assays, we used Transwell chambers (Corning Costar
Corp, Cambridge, MA, USA). Two PTC Cells (3 x 10* for TPC-1,
3.5 x 10* BCPAP) were suspended in 300 pL non-serum RPMI1640

and plated into the upper chamber. For the lower chamber, 600 pL of
RPMI1640 including 10% FBS was filled in a 24-well plate. Next, the
cells were incubated in the above condition. After 24 hours, the cells
adhered to the upper chamber were erased by cotton swabs, and the
migration cells on the lower chamber were secured and stained with
0.4% crystal violet. We used Matrigel Invasion Chambers (Corning,
NY, USA) as invasion assays. The same technique described for the

migration assay was done with the invasion chambers.

2.9 | Flow cytometry

An Annexin V/propidium iodide (Pl) apoptosis kit (Nanjing KeyGen
Biotech. Co., Ltd., Nanjing, China) were used to determine the apoptotic
rates of TPC1, BCPAP according to the company's advice. The cells
were collected, rinsed three times by PBS, and suspended in 1 x bind-
ing buffer (Beyotime Institute of Biotechnology, Haimen, China) at a
concentration of 1 x 10° cells/mL. Cell suspensions of 300 pL were
stained with 5 pL of Annexin V-fluorescein isothiocyanate and 5 pL of
Pl at room temperature for 15 minutes in the darkroom prior to analysis
by flow cytometry (BD FACS Aria; BD Biosciences, Franklin Lakes, NJ).

2.10 | Protein extraction and Western blot analysis

The protein of transfected cells lysates was lysed in cell lysis buffer
(Beyotime, China). Protein concentrations were measured using a
bicinchoninic acid assay (BCA). By using SDS-PAGE on a 10% gel
and electrotransferred to PVDF membranes total proteins (20 pg)
in the lysate were removed. Using 5 % skimmed milk (BD, Difco™
Skim Milk, 232100), the membranes were blocked for 2 hours and
incubated by primary antibodies overnight at 4°C. After rinsing three
times with triple buffered saline and Tween 20, the membranes were
incubated for 2 hours with secondary antibody at normal room tem-
perature. After rinsing three times with triple buffered saline and
Tween 20, the cells were incubated for 1.5 hours with secondary an-
tibody at room temperature. All band intensities were quantified by
Image Lab software. The primary antibodies used included vimentin
(Abcam), N-cadherin (Abcam), E-cadherin (Abcam), GAP43 (Abcam)
and p-actin (Sigma). Goat anti-rabbit HRP-conjugated 1gG (Abcam)
and goat anti-mouse HRP-conjugated 1gG (Abcam) as the secondary
antibody p-actin served as an internal control.

2.11 | Statistical analysis

Statistical data evaluations were accomplished using SPSS 23.0 soft-
ware (SPSS, Inc, Chicago, IL). GraphPad Prism7 (GraphPad Software,
Inc, LaJolla, CA, USA) was used for creating the graphs. Data on normal
distribution were expressed as mean + standard deviation. Otherwise,
the differences between treated and control groups were estimated
by Student’s t-test (two-tailed). As for the clinical feature, patients of
PTC were divided into two parts based on the high and low expression
level of GAP43, with the median value as the cutting line. P < 0.05 was
considered to indicate a statistically significant difference.
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TABLE 1 The expression of growth

associated protein-43 gene in 19 cases Symbol RN-FPKM RT-FPKM Log 2 ratio (RT/RN) RT/RN
of thyroid papillary carcinoma was higher GAP43 0.033936635 1.949363226 1.759223992 Up
than that in normal tissue by whole GAP43 0 1.895330456 Up
transcriptome sequencing GAP43 0.08772778 3.699854637 1.625047522 Up
GAP43 0 0.948829382 Up
GAP43 0.573899397 0.875060606 0.183202365 Up
GAP43 0.044775052 27.73978573 2.792067003 Up
GAP43 0.056147344 1.423116966 1.403911379 Up
GAP43 0.183203548 4.06582776 1.346215097 Up
GAP43 0.067258766 0.877797662 1.115645525 Up
GAP43 0.010895226 0.865856499 1.900209678 Up
GAP43 0.056025915 1.045908521 1.271104743 Up
GAP43 0.158057854 0.331310457 0.321419062 Up
GAP43 0.06891197 27.14887438 2.595457163 Up
GAP43 0.055769441 0.55906537 1.0010663 Up
GAP43 0.078664129 1.028488235 1.11642259 Up
GAP43 0.04452478 4.937265171 2.044884671 Up
GAP43 0.033434048 5.761393281 2.23633856 Up
GAP43 0.285280218 9.576019137 1.525913348 Up
GAP43 0.156508085 18.80984738 2.079848494 Up

Abbreviations: FPKM, fragments per kilobase million; GAP43, Growth Associated Protein-43; RN,
RNA normal tissues; RT, RNA tumour tissues.

>

Validated cohort

I *okkok
o P—
<
(U] 80 -
L .
5 60 - .
7]
® T 40
52
S E 201
™
:
< 01
(U]
g -2 r r
=
© S\ S\
@ /z" //6
o N
O‘
&

>
s

B TCGA cohort

dokkk

T

200 -

150 4

100

Relative GAP43 expresssion
(RPKM)

FIGURE 1 The mRNA expression of GAP43 both in local validated cohort and TCGA cohort. A, GAP43 expression was significantly
up-regulated in PTC tissues compared with the adjacent non-cancerous thyroid tissues using gRT-PCR (****P < 0.0001). B, Data including
502 PTC samples and 58 adjacent non-cancerous thyroid samples, GAP43 expression was also significantly down-regulated in PTC in TCGA
cohort (****P < 0.0001). Abbreviations: GAP43, growth-associated protein 43; PTC, papillary thyroid carcinoma; gRT-PCR, quantitative
reverse transcription-polymerase chain reaction; TCGA, The Cancer Genome Atlas

3 | RESULTS

3.1 | GAP43 overexpression in PTC

To investigate the function of GAP43 in PTC, we conducted 19
pairs of primary PTC tissues and adjacent normal tissues via whole

transcriptome sequencing. After analysing this data, we identified

GAP43 as up-regulated in most PTCs (Table 1). Furthermore, we
detected the mRNA expression level of GAP43 in 50 patients via
RT-gPCR to certify our sequencing results. In tumour tissues, ex-
pression level of GAP43 was significantly higher comparing with ad-
jacent non-tumour tissue (Figure 1A). This result is consistent with
the data revealed in the TCGA cohort (Figure 1B).
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High expres- Low expression

Clinicopathologic features sion (N = 251) (N =251)
Gender

Female 184 183

Male 67 68
Age (years)

Mean + SD 46.06 +15.16 48.62 + 16.407

<45 125 111

>45 126 140
Histological type

Classical 204 152

Other types 47 99
Multi-nodularity

Yes 124 102

No 125 141
Tumour size (mm)

220 189 168

<20 61 82
Lymph-node metastasis

Yes 137 86

No 91 138
Distant metastasis

Yes 8 7

No 243 244
Disease stage (AJCC7)

1+11 159 174

1+ 1V 91 76

Notes: Chi-square test, P-value <0.05.

TABLE 2 The association between
growth associated protein-43 expression

x? Pvalue and clinicopathologic features in The
Cancer Genome Atlas cohort

0.01 0.92

0.805 0.37

26.116 <0.001

3.031 0.082

4.319 0.038

21.276 <0.001

0.069 0.793

2.023 0.155

Abbreviations: AJCC7, Seven Edition of American Joint Committee on Cancer; TCGA, The Cancer

Genome Atlas.

3.2 | GAP43 was associated with the
clinicopathological features of PTC

To facilitate in-depth investigation of GAP43 in PTC, the rela-
tionship of GAP43 and the clinicopathological features was
further analysed. In TCGA cohort, we divided 502 patients into
high GAP43 expression (n = 251) and low GAP43 expression
(n = 251) groups according to the median value. Results showed
that histological type (P < 0.001), tumour size (P = 0.038) and
LNM (P < 0.001) were significantly related to high GAP43 ex-
pression (Table 2). Conversely, no significant associations were
found between GAP43 expression and gender, age, distant me-
tastasis, disease stage (AJCC7) and multi-focality. Similarly, in
our validated cohort, high GAP43 expression was correlated with
the tumour size (P = 0.021) and LNM (P = 0.041), but disease
stage (AJCC7) was insignificant (P = 0.774), as shown in Table 3.
Overall, those results have shown that GAP43 might serve as a

oncogene in PTC.

3.3 | High GAP43 expression intensifies the risk of
LNM in PTC patients

Through logistic regression analysis, we assessed the relationship be-
tween GAP43 expression and LNM. We revealed that the significant
variables for LNM were GAP43 expression (odds ratio [OR] = 2.462,
95% confidence interval [Cl] = 1.678-3.594, P < 0.001), age (OR = 0.62,
95% Cl = 0.427-0.889, P = 0.012), histological type (OR = 0.646,
95% Cl = 1.544-3.680, P < 0.001), tumour size (OR = 2.496, 95%
Cl=1.619-3.764, P < 0.001), gender (OR = 1.551, 95% Cl = 1.022-2.353,
P = 0.039) and disease stage (OR = 3.493, 95% Cl = 2.316-5.268,
P < 0.001; Table 4) in univariate logistic regression analysis. Meanwhile,
multivariate logistic analysis validated that GAP43 expression
(OR = 2.135, 95% Cl = 1.371-3.325, P = 0.001), age (OR = 0.29, 95%
Cl = 0.009-0.097, P < 0.001), histological subtype (OR = 2.615, 95%
Cl = 1.575-4.342, P < 0.001) and disease stage (OR = 60.855, 95%
Cl=17.791-208.165, P < 0.001) were significant and independent high-
risk factors of LNM by using all parameters (Table 5).
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growth associated protein-43 expression

High expression

Low expression

and clinicopathologic features in a Clinicopathologic features (N = 25) (N = 25) VG P value
validated cohort Gender

Female 12 11 0.081 0.777
Male 13 14

Age (years)
Mean = SD 44.56 + 14.22 47.62 + 15.54 0.082 0.774
<45 11 10
245 14 15

Multi-nodularity
Yes 12 11 0.081 0.777
No 13 14

Tumour size (mm)
220 19 11 5.333 0.021
<20 6 14

Lymph-node metastasis
Yes 13 6 4.160 0.041
No 12 19

Capsule invasion
Yes 2 1 1
No 23 24

Disease stage (AJCC7)
I+l 15 14 0.082 0.774
1+ 1v 10 11

TABLE 4 Univariate logistic regression analysis for the risk of

lymph node metastasis

Notes: Chi-square test, P-value <0.05.
Abbreviations: AJCC, American Joint Committee on Cancer; TCGA, The Cancer Genome Atlas.

lymph node metastasis

TABLE 5 Multivariate logistic regression analysis for risk of

Factor OR 95% Cl P-value Factor OR 95% ClI P-value
GAP43 expression (high 2462 1.678-3.594 <0.001° GAP43 expression (high 2.135 1.371-3.325 0.001?
vs low) vs low)
Histological type 2.383 1.544-3.680 <0.001° Histological Type 2.615 1.575-4.342 <0.001?
Age, years (<45 vs >45) 0.62 0.427-0.899 0.012° Age, years (<45 vs >45) 0.29 0.009-0.097 <0.001°
Gender (male vs female) 1.551 1.022-2.353 0.039? Gender (male vs female) 1.489 0.901-2.462 0.12°2
Tumour size (mm) 2.469 1.619-3.764 <0.001° Disease stage (AJCC7) 60.855 17.791-208.165 <0.001?%
Disease stage (AJCC7) 3.493 2.316-5.268 <0.001° Tumour size (mm) 1.304 0.769-2.211 0.325°
Multi-nodularity 1446 0.994-2.103 0.054 Abbreviations: AJCC, American Joint Committee on Cancer; GAP43,

Abbreviations: AJCC, American Joint Committee on Cancer; GAP43,
Growth Associated Protein-43.
P value <0.05.

3.4 | GAP43 knockdown restrains TPC-1 and
BCPAP cell proliferation and colony formation

We also assessed the GAP43 expression level both in several PTC
cell lines and normal thyroid cell lines (HTORI-3) by using RT-gPCR
and WB. The results showed that GAP43 gene was commonly high-
expressed in TPC-1, KTC-1 and BCPAP (Figure 2A, 2B). Given the

Growth Associated Protein-43.
2P value <0.05.

GAP43 gene is commonly overexpressed in PTC, we hypothesised
GAP43 plays an oncogenic function in TC cell progression. Next, we
selected TPC-1 and BCPAP as relatively high-expression cell lines to
explore the function of GAP43. We down-regulated the GAP43 ex-
pression level via effective small interfering RNA (siRNA-1, siRNA-2).
Obviously, Si-RNA could knock off the expression of GAP43 more
than half (Figure 2C, 2D). Next, down-regulation of GAP43 signifi-
cantly inhibited TPC-1 and BCPAP cell line proliferation as assessed
by CCK-8 and colony formation assays (Figure 2E, 2F).
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FIGURE 2 Down-regulated expression of GAP43 promotes cell proliferation in PTC cell lines. A, B, The relative expression of GAP43
(compared with the GAPDH gene) was examined via RT-gPCR and WB. GAP43 gene is expressed at higher levels in TPC-1, KTC-1 and
BCPAP than HTORI3 (normal thyroid cell line). C, D, The relative expression of GAP43 (compared with the GAPDH gene) was verified by
RT-gPCR and WB in TPC-1, BCPAP cell lines. Compared with the corresponding Si-NC group, the expression of GAP43 in Si-RNA group was
lower. E, CCK-8 assays: TPC-1, BCPAP cell lines transfected with Si-RNA1, Si-RNA2 or Si-NC were cultured in 96-well plates for 1-4 d and
using CCK-8 measured cell proliferation. F, Colony formation of Si-RNA1, Si-RNA2, and Si-NC cells: Si-RNA1, Si-RNA2 significantly restrains
cell proliferation in thyroid cell. **P < 0.01; ***P < 0.001 in comparison with the control group using Student's t-test. Abbreviations: GAP43,
growth-associated protein 43; PTC, papillary thyroid carcinoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction

hypothesised the GAP43 might have a function on the PTC cell
line migration and invasion. As predicted, the results showed
that down-regulated GAP43 significantly inhibited TPC-1 and
Given the results of clinicopathological features analysis and BCPAP migration capacity compared with the control groups
cell proliferation and colony formation experiments, we further (Figure 3A-3B). Similarly, knockdown GAP43 can significantly

3.5 | Knockdown of GAP43 represses TPC-1 and
BCPAP cell migration and invasion in vitro
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FIGURE 3 Knockdown of growth-associated protein 43 (GAP43) represses TPC-1 and BCPAP cell migration and invasion in vitro. A,
C, Transwell migration and invasion assays in cells with down-regulated GAP43 expression and their corresponding control cells. B, D,
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inhibit the cell invasive ability comparing with corresponding Si-NC
cell lines (Figure 3C-3D).

3.6 | GAP43 gene knockdown induces the cell
apoptosis of PTC cell lines in vitro

We presumed that GAP43 also plays a role in the cycle of cell, so
flow cytometry was used to investigate the proportion of apoptotic
cells transfected with si-GAP43 cell lines. The results showed that
knockdown of GAP43 induced increased apoptosis in TC cells (TPC1,
BCPAP), especially late-stage apoptotic cells, compared with corre-
sponding Si-NC cell lines (Figure 4A, 4B).

3.7 | GAP43 modulates epithelial-mesenchymal
transition in thyroid carcinoma cell lines

Accumulating studies reported that epithelial-mesenchymal transi-
tion (EMT) is a critical process especial during cancer cell metasta-
sis.2928 As shown in Figure 5A-D, the expression of vimentin and
N-cadherin was deceased and expression of E-cadherin was en-
hanced in si-GAP43 cell lines. Those results suggested that GAP43
may promote thyroid cell metastasis by changing EMT.

4 | DISCUSSION

Thyroid cancer, as one of the quickly growing malignant tumour, is
expected to surpass colorectal cancer and became the fourth most
commonly diagnosed cancer in 2030.%7 Accumulating evidence has
proved that GAP43 has a crucial function in the process of neural cell
growth and development, but the underlying molecular mechanisms
of GAP43 in thyroid carcinoma are still poorly understood.

Next-generation sequencing has been widely used in the study
of the gene expression variations and cancer molecular mechanism.
In our previous study,19 we selected 19 matched pairs of thyroid car-
cinoma tissues and nearby non-cancerous tissues and the outcomes
revealed that GAP43 expression was overexpressed in tumour tis-
sues. This finding suggested GAP43 may have a possible role as an
oncogene in PTC.

In both TCGA and local cohorts of PTC, the clinicopathologic
feature analysis showed that the overexpression of GAP43 was sig-
nificantly related to the aggressive clinicopathologic characteristics,
such as tumour size and LNM. Furthermore, knockdown of GAP43
could repress PTC cell proliferation and colony formation, as well as
migration and invasion capacities of PTC cells. We also showed that

underexpression of GAP43 may inhibit protein level of N-cadherin
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and vimentin and enhance E-cadherin. This discovery suggests that
GAP43 can regulate the metastasis of PTC cell lines by modulating
EMT. To the best of our knowledge, this study is firstly investigated
the significant function of GAP43 in PTC.

Despite these exciting findings, some limitations still exist in this
study. The relationship between GAP43 and the prognosis of PTC
should be studied in large samples. In addition, animal experiments
should be performed to test and verify the oncogenic function of
GAP43.

In a summary, the present study investigated the association be-
tween GAP43 and clinicopathological features in two PTC cohorts
(TCGA and local). Additionally, we showed that GAP43 knockdown
impairs TC cell proliferation, colony formation, migration, invasion and
induces cell apoptosis via EMT pathway. These interesting findings
provide a potential molecular marker of PTC for diagnosis and therapy.

CONFLICT OF INTEREST

Above authors declare that they have no conflict of interest.

AUTHOR CONTRIBUTIONS

Chen Zheng did the main experiments and wrote the manuscript.
Rui-da Quan and Cheng-Yong Wu help gathered and analyzed the
raw data. Adheesh Bhandari helped to revise the article. Xiao-
hua Zhang conceptualized and designed the study and provided

supervision.

DATA AVAILABILITY STATEMENT

The data sets supporting the conclusions of this study are included
in this article and its additional images. Raw data are available on
the main electronic data storage system of First Affiliated Hospital
of Wenzhou Medical University and access can be provided upon

request to the authors.

ORCID
Chen Zheng https://orcid.org/0000-0002-4540-2711
REFERENCES

1. Torre LA, Siegel RL, Ward EM, Jemal A. Global cancer incidence and
mortality rates and trends-an update. Cancer Epidemiol Biomarkers
Prev. 2016;25(1):16-27.

2. Davies L, Welch HG. Current thyroid cancer trends in the United
States. JAMA Otolaryngol Head Neck Surg. 2014;140(4):317-322.

3. Ito VY, Nikiforov YE, Schlumberger M, Vigneri R. Increasing inci-
dence of thyroid cancer: controversies explored. Nat Rev Endocrinol.
2013;9(3):178-184.

4. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J
Clin. 2018;68(1):7-30.

5. Burns WR, Zeiger MA. Differentiated thyroid cancer. Semin Oncol.
2010;37(6):557-566.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

WILEY--7%

Hinson AM, Massoll NA, Jolly LA, Stack BC Jr, Bodenner DL,
Franco AT. Structural alterations in tumor-draining lymph nodes
before papillary thyroid carcinoma metastasis. Head Neck.
2017;39(8):1639-1646.

Leboulleux S, Rubino C, Baudin E, et al. Prognostic factors for per-
sistent or recurrent disease of papillary thyroid carcinoma with
neck lymph node metastases and/or tumor extension beyond
the thyroid capsule at initial diagnosis. J Clin Endocrinol Metab.
2005;90(10):5723-5729.

Kim SK, Kwon A-Y, Back K, et al. Predictive factors of lymph node
metastasis in follicular variant of papillary thyroid carcinoma. Ann
Surg Oncol. 2017;24(9):2617-2623.

Lundgren CI, Hall P, Dickman PW, Zedenius J. Clinically sig-
nificant prognostic factors for differentiated thyroid carci-
noma: a population-based, nested case-control study. Cancer.
2006;106(3):524-531.

Zidan J, Karen D, Stein M, Rosenblatt E, Basher W, Kuten A.
Pure versus follicular variant of papillary thyroid carcinoma: clin-
ical features, prognostic factors, treatment, and survival. Cancer.
2003;97(5):1181-1185.

Schneider DF, Chen H. New developments in the diagnosis and
treatment of thyroid cancer. CA Cancer J Clin. 2013;63(6):374-394.
Kimura ET, Nikiforova MN, Zhu Z, Knauf JA, Nikiforov YE, Fagin
JA. High prevalence of BRAF mutations in thyroid cancer: genetic
evidence for constitutive activation of the RET/PTC-RAS-BRAF
signaling pathway in papillary thyroid carcinoma. Cancer Res.
2003;63(7):1454-1457.

Liu Z, 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 Endocrinol Metab. 2008;93(8):
3106-3116.

Liu X, Bishop J, Shan Y, et al. Highly prevalent TERT promoter
mutations in aggressive thyroid cancers. Endocr Relat Cancer.
2013;20(4):603-610.

Gustafson S, Zbuk KM, Scacheri C, Eng C. Cowden syndrome.
Semin Oncol. 2007;34(5):428-434.

Abubaker J, Jehan Z, Bavi P, et al. Clinicopathological analysis
of papillary thyroid cancer with PIK3CA alterations in a Middle
Eastern population. J Clin Endocrinol Metab. 2008;93(2):611-618.
Hou P, Liu D, Shan Y, et al. Genetic alterations and their relationship
in the phosphatidylinositol 3-kinase/Akt pathway in thyroid cancer.
Clin Cancer Res. 2007;13(4):1161-1170.

Taccaliti A, Boscaro M. Genetic mutations in thyroid carcinoma.
Minerva Endocrinol. 2009;34(1):11-28.

Wang Q-X, Chen E-D, Cai Y-F, et al. A panel of four genes accu-
rately differentiates benign from malignant thyroid nodules. J Exp
Clin Cancer Res. 2016;35(1):169.

Meiri KF, Pfenninger KH, Willard MB. Growth-associated protein,
GAP-43, a polypeptide that is induced when neurons extend axons,
is a component of growth cones and corresponds to pp46, a major
polypeptide of a subcellular fraction enriched in growth cones. Proc
Natl Acad Sci U S A. 1986,83(10):3537-3541.

Gerin CG, Madueke IC, Perkins T, et al. Combination strategies
for repair, plasticity, and regeneration using regulation of gene ex-
pression during the chronic phase after spinal cord injury. Synapse.
2011;65(12):1255-1281.

Benowitz LI, Routtenberg A. GAP-43: an intrinsic determi-
nant of neuronal development and plasticity. Trends Neurosci.
1997;20(2):84-91.

Kawasaki T, Nishio T, Kawaguchi S, Kurosawa H. Spatiotemporal
distribution of GAP-43 in the developing rat spinal cord: a histo-
logical and quantitative immunofluorescence study. Neurosci Res.
2001;39(3):347-358.


https://orcid.org/0000-0002-4540-2711
https://orcid.org/0000-0002-4540-2711

98
7% | wiLEy

24.

25.
26.

27.

28.

ZHENG T AL.

Wang Y, Yan W, Wang J, et al. Common genetic variants in GAL,
GAP43 and NRSN1 and interaction networks confer suscep-
tibility to Hirschsprung disease. J Cell Mol Med. 2018;22(7):
3377-3387.

Zhang F, Ying L, Jin J, et al. GAP43, a novel metastasis promoter in
non-small cell lung cancer. J Transl Med. 2018;16(1):310.

Thiery JP, Acloque H, Huang RY, Nieto MA. Epithelial-mesenchymal
transitions in development and disease. Cell. 2009;139(5):871-890.
Li Q, Zhang C, Chen R, et al. Disrupting MALAT1/miR-200c sponge
decreases invasion and migration in endometrioid endometrial car-
cinoma. Cancer Lett. 2016;383(1):28-40.

Ogretmen B, Hannun YA. Biologically active sphingolipids in
cancer pathogenesis and treatment. Nat Rev Cancer. 2004;4(8):
604-616.

29. 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(11):2913-2921.

How to cite this article: Zheng C, Quan R-D, Wu C-Y, et al.
Growth-associated protein 43 promotes thyroid cancer cell
lines progression via epithelial-mesenchymal transition. J Cell
Mol Med. 2019;23:7974-7984. https://doi.org/10.1111/
jcmm.14460



https://doi.org/10.1111/jcmm.14460
https://doi.org/10.1111/jcmm.14460

