Journal of Cancer 2021, Vol. 12 5114

WB [VYSPRING .
WS INTERNATIONAL PUBLISHER !ouv““l of cu“cet.

2021; 12(17): 5114-5124. doi: 10.7150/jca.58049

Research Paper

ADNP prompts the cisplatin-resistance of bladder
cancer via TGF-B-mediated epithelial-mesenchymal
transition (EMT) pathway

Yu Xiel?, Shuai Zhu?, Jinglei Zang3, Guanlin Wu#, Yuheng Wen?, Yu Liang?5, Ying Long®, Weiming Guo?,
Chuanbing Zang8, Xiang Hu!, Gang Fan29, Shuanglin Xiang!** and Jian Zhang!**

1. Key Laboratory of Protein Chemistry and Developmental Biology of the Ministry of Education, Hunan Normal University, 410081 Changsha, China.

Department of Urology, the Affiliated Cancer Hospital of Xiangya School of Medicine, Central South University, Hunan Cancer Hospital, 410013 Changsha,

China.

Changsha Health Vocational College, 410600 Changsha, China.

Department of Pathology, School of Basic Medical Sciences, Fudan University, 200433 Shanghai, China.

Pingxiang Maternal and Child Care Hospital, 337000 Pingxiang, China.

Clinical Translational Research Center, the Affiliated Cancer Hospital of Xiangya School of Medicine, Central South University, Hunan Cancer Hospital,

410013 Changsha, China.

The 2nd Affiliated Hospital of South China University, 421001 Hengyang, China.

Medizinische Klinik m. S. Himatologie u. Onkologie, Campus Bejamin Franklin, Unviersitdtsmedizin Berlin Charité, 12203 Berlin, Germany.

9. Department of Urology, Huazhong University of Science and Technology Union Shenzhen Hospital; the 6th Affiliated Hospital of Shenzhen University
Health Science Center, 518060 Shenzhen, China.

N

Ok

® N

P4 Corresponding authors: Prof. Dr. Jian Zhang, Key Laboratory of Protein Chemistry and Developmental Biology of the Ministry of Education, Hunan Normal
University, Yuelunan Road 168, Yuelu, Changsha. E-mail: hnc_uro@yeah.net; Prof. Dr. Shuanglin Xiang, Key Laboratory of Protein Chemistry and
Developmental Biology of the Ministry of Education, Hunan Normal University, Yuelunan Road 168, Yuelu, Changsha. E-mail: 1715840770@qq.com.

© The author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License (https:/ /creativecommons.org/licenses/by/4.0/).
See http:/ /ivyspring.com/terms for full terms and conditions.

Received: 2021.01.11; Accepted: 2021.05.19; Published: 2021.06.22

Abstract

Activity-dependent neuroprotective protein (ADNP) is vital for embryonic development and brain
formation. Besides, the upregulated expression of ADNP enhances tumorigenesis in some human tumors
like bladder cancer (BC). However, the potential roles of ADNP in drug resistance and the related
mechanisms in BC is unknown. We performed this study to elucidate the influence of ADNP in the
chemoresistance of BC and tried to explore the underlying molecular mechanism. The expressions of
ADNP in BC from progression and non-progression patient specimens were measured by quantitative
real-time PCR (qRT-PCR) and immunohistochemistry (IHC). In vitro experiments including colony
formation, cell counting kit-8 (CCK-8), wound healing, and in vivo tumorigenesis assay were performed to
explore the effects of ADNP on chemoresistance of BC. The impacts of ADNP on TGF-3/Smad signaling
pathways were explored by western blot. Our results showed that the expression of ADNP mRNA and
protein were significantly upregulated in BC tissues of the patients who suffered tumor-progression via
RT-PCR and western blot. Cox regression survival analysis revealed that patients with high ADNP
expression closely linked to shorter tumor-free survival. ADNP downregulation in BC showed more
sensitive to cisplatin in vivo, while ADNP overexpression showed the opposite results. Additionally, we
confirmed that ADNP promoted cell migration and EMT, thereby inducing cisplatin resistance, which may
be related to TGF-3 / Smad signaling pathway.
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Introduction

Bladder cancer (BC) is one of the most common  BC still faced severe challenges [4]. So there is urgent
malignancies of the human urinary system [1]. need to explore the underlying mechanisms of
Chemotherapy remains a vital therapeutic strategy for ~ chemoresistance in BC. Previous studies indicated
BC [2, 3]. Despite significant advances in BC research ~ a molecular and phenotypic association between
in the past few decades, the survival of patients with  chemoresistance and the acquisition of the epithelial-
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mesenchymal transition (EMT)-like phenotype in
many types of cancers such as breast cancer,
glioblastoma, hepatocellular carcinoma [5-9]. For
example, EMT involved in chemoresistance of cancer
cells against conventional therapeutics including
cisplatin, vincristine and oxaliplatin [10]. On the
mechanism, TGFp signaling was associated with
chemoresistance and EMT characteristics, since
TGFB-induced EMT increased chemoresistance in
hepatocellular carcinoma.

Activity-dependent neuroprotective protein
(ADNP) is a protein that plays a crucial role in
neuroprotective responses to cellular growth and
proliferation [11]. ADNP was frequently amplified
and overexpressed in many human malignancies,
such as ovarian [12]. ADNP second cDNA clone (H3)
differed from clone H7 in several polymorphic
regions and polyadenylation sites. In addition, clone
H3 contains frameshift mutations with premature
termination codon at position 3408 [13]. The discovery
of ADNP mutations in neurological disorders ignited
an interest to explore the role of ADNP in cancer.
Studies have shown that under different stress
conditions, ADNP may mutate or differ in expression,
thus accelerating the progression of cancer [14]. Wild
type ADNP can impact cellular proliferation via the
WNT signaling pathway in colon carcinoma [15].
However, the activation of ADNP signaling system,
mediated by an endogenous pituitary adenylate
cyclase-activating polypeptide, can increase the
resistance of malignant peripheral nerve sheath tumor
to H»Oz-induced death with serum starvation [16].
Our previous study has shown that overexpression of
ADNP in BC stimulated the Akt-MDM?2-p53 pathway
and enhanced binding of cyclin D1 to CDK4 or CDK®,
accelerating the cell cycle transition from G1 phase to
S phase [17]. ADNP may act as an oncogene in certain
cellular contexts. Hence, we speculate that ADNP
contribute to chemoresistance of BC through
modulating EMT processes. In this study, we
preliminarily investigated the relationship between
chemoresistance of ADNP and BC, and the effect of
ADNP on TGF-f signaling pathway of EMT.

Materials and Methods

Tissue samples and cell lines

All patients had non-muscle invasive bladder
migration. The clinical stages included CIS, Ta and T1.
Before inclusion, all papillary tumors were completely
removed. Patients with T1 disease underwent
urethrectomy. The included patients had sufficient
bone marrow function (more han 1500 blood
granulocytes/mm3® and more than 150,000
platelets/mm?3). Patients were > 18 years old and had

the ability to provide informed consent. Immuno-
suppressed patients (for example, use of HIV, chronic
steroids) were excluded.

All of paraffin-embedded specimens of human
non-muscle invasive bladder transitional cell
carcinoma tissues were obtained from the patients
who were recruited in the Affiliated Cancer Hospital
of Xiangya Medical College of Central South
University from January 2015 to December 2017.
Another 43 non-muscle invasive bladder urothelial
carcinoma surgical fresh specimens were also
collected randomly, including 25 patients with
progression BC and 18 patients with non-progression
BC. All patients were diagnosed by histopathology
and were treated with bladder tumor resection and
intravesical chemotherapy. We defined
non-progression BC by using urethrocystoscopy, CT,
and urinary shedding, indicating no bladder tumor
progression during 3-year follow-up. By 3-year
follow-up biopsy, a mature invasive transitional cell
carcinoma of the lamina propria is defined as
progression BC.

Human BC cell lines, including T24, BIU87, 5637,
and TCCSUP, were obtained from Sun Yat-sen
University Cancer Center (Guangzhou), and cultured
in RPMI-1640 medium (Gibco, USA) and 10% fetal
bovine serum (Gibco, USA) + 1% Streptomycin and
placed in a 5% CO2, 37 °C. Prior to the use of these
clinical data for research, informed patient consent
and approval from the institutional research ethics
committee were obtained.

The study was approved by the ethics committee
of the Affiliated Cancer Hospital of Xiangya School of
Medicine, Central South University (No: 2016-0008).
This study was conducted in accordance with the
following ethical guidelines: the Helsinki Declaration,
the International Code of Ethics in Biomedical
Research (CIOMS) involving human subjects, the
Belmont Report, and the American Common Rules.

Quantitative real-time PCR (qRT-PCR)

mRNA were measured as previously described
[18-20]. Total RNA was extracted from the tissues
using TRIzol reagent (Invitrogen, USA) according to
the manufacturer’s instructions. Spectrophotometry
(A260 / A280 = 1.8-2.0) was used to determine RNA
purity, and cDNAs were generated with M-MLV
transcriptase according to the manufacturer's
instructions (BioRAD, USA). The quantitative real-
time PCR mixture system is 1 pg cDNA, 0.4 ul of the
target gene primer, and 5 ul 2 x SYBR Green (BioRAD,
USA). The reaction was performed using the
LightCycler480 Real-Time PCR System (BioRAD,
USA). The reaction procedure is: 1 min at 95 °C,
followed by 35 cycles of 95 °C for 15 seconds, 95 °C for
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10 seconds, 65 °C for 60 seconds, and finally 97 °C for
1 minute. The 2-44CT method was used to determine
the relative gene expression level of non-progression
BC tissue and progression BC tissue. ADNP
amplification primer sequences are:

e Forward: 5'-CATCCTGCGTCTGGACCTGG-3";
e Reverse: 5-TAATGTCACGCACGATTTCC-3'.

Western blot analysis

Western blot analysis was performed as
previously described [21], tissues and cells were
washed with PBS, and lysed with RIPA lysis buffer
including protease lysis inhibitor (Roche USA) and
phosphatase inhibitor (Roche USA). A BCA protein
assay kit (Thermo Scientific,c USA) was used to
measure protein concentration. 30ug protein extract
was separated with a 10% SDS-polyacrylamide gel
and transferred to a PVDF membrane (microwell).
The membrane was blocked with TBST buffer
containing 5% skim milk at 37 °C for 2 hours,
incubated with primary antibody at 4 °C overnight,
and incubated with peroxidase-conjugated secondary
antibody for 2 hours. The signal was detected using
ECL kit (Cell Signaling Technology, 12757) and
photographed. Bands were quantified using gray-
scale analysis software (Bio-Rad). GAPDH expression
is used as a loading control to standardize the
expression of other proteins. The main antibodies are
as follows: anti-ADNP (1: 1000, Proteintech, USA),
anti-GAPDH, N-Cadherin, Vimentin, Snail,
E-Cadherin, pB- Catenin, Claudin-1, TGF-p, TGF-pR1,
Smad2/3, p-Smad2/3 (1: 1000, Cell Signaling
Technology, USA). The secondary antibodies are as
follows: HRP-goat anti-rabbit Ig G, HRP-goat anti-
mouse Ig G (1: 5000, Cell Signaling Technology, USA).

Immunostaining

Immunostaining was performed as previously
described [22, 23], the paraffin-embedded tissue was
cut into 5 mm slices, and baked at 60 °C for 2 h. The
slices dewaxed in xylene and hydrated in gradient
ethanol. Endogenous enzymes were removed in 0.3%
hydrogen peroxide. The slices were added into EDTA
antigen repair buffer and heated. The first antibody
was added for incubation (ADNP, E-Cadherin, N-
Cadherin and Vimentin (1: 1000, Abcam ab199120) at
4 °C overnight. Slices were washed by PBS. Slices
were incubated with HRP-conjugated goat -rabbit or
goat-mouse secondary antibody at 37 °C. DAB is
applied to color rendering. After the slices were
dehydrated and transparent, they were sealed with
neutral gum.

The immunostaining degree of paraffin
embedded sections was scored independently by two
experienced pathologists. Both of them were blind to

the histopathological characteristics and clinical data
of the specimens. All fields of a slice were analyzed.
The score was based on the proportion and intensity
of positive staining of tumor cells. The percentage
score of tumor cells was as follows: 0: no positive
tumor cells; 1: <10% tumor cell positive; 2: 10-35%
positive tumor cells; 3: 36-75% positive tumor cells);
4.> 75% positive tumor cells. The staining intensity
was graded according to the following standards: 1.no
staining; 2. Weak staining (light yellow); 3. Moderate
staining (light brown); 4. Strong staining (brown). The
staining index is calculated as the product of the
proportion of positive tumor cells and the staining
intensity score. The staining index (0,1, 2,3, 4, 6,8, 9,
12) was used to evaluate the expression of ADNP in
BC. Staining index score =6 was defined as high
expression, while score <6 was defined as low
expression [24].

Cell transfection

ADNP  overexpression plasmid (ViGene,
Shandong) and empty vector (ViGene, Shandong,
China) were used. The ADNP expression construct
was generated by cloning the full-length human
ADNP cDNA into a pMSCV-retro-puro vector
(Clontech, Palo Alto, CA). For ADNP knockdown, the
trispecific knockdown site ADNP-shRNA (KD-1:
CAACATGACTGATGGAGTA; KD-2: GCAAATGCC
TCTACTGTAA; KD-3: TAGTAAGACTGCTGAC
AAA) and negative control shRNA (NC) were
purchased from Shanghai Jikai, China Biotechnology.
Cells were transfected with lentivirus when cells
reached 30-50% confluency. Transfected cells were
screened with 1 ug/ml puromycin (Sigma-Aldrich)
after 72 h. The stable transfected cell line was
maintained in a culture medium containing
puromycin at 0.1 ug/ml.

Cell viability assay

Cell viability were measured as previously
described [25, 26]. Approximately 4000 stably
transfected cells were seeded on 96-well plates. The
cells were treated with different concentrations of
cisplatin for 24 h after adhered, 10 ul of Cell Counting
Kit-8 reagent (CCKS8, Dojindo Kumamoto, Japan) was
added into each well and incubated for 4 h. The
absorbance was measured with a spectrophotometer
(Molecular Devices, Sunnyvale, CA, USA) at a
wavelength of 450 nm.

Colony growth assay

Approximately 3000 stably transfected cells were
seeded on 6 well plates and cultured for 15 days. The
medium was changed every 3 days. Cells were
washed twice with PBS before being harvested,
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stained with crystal violet and photographed [27, 28].
The stained colonies were counted with image].

Wound healing experiment

Stably transfected cells (1x10°) were cultured in 6
well plates until there was 60%-70% confluence. The
scratch was made with a sterile pipette tip (10 pl), and
the exfoliated cell was washed away with PBS. The
images were obtained under the microscope and the
wound distance was recorded and calculated with
Image] at Oh and 24h, respectively. The migration
percentage was calculated according to the following
formula: Healing rate = [(Oh distance - 24h
distance)/0Oh distance] x 100% [29, 30].

Tumor xenograft experiments

As previously described [31, 32], 4-week-old
NOD/SCID nude mice were purchased from Hunan
SJA Experimental Animal Company (Changsha,
Hunan). Stable ADNP knockdown T24 cells and
negative control T24 cells (1x10° cells) were injected
into the right armpit skin of nude mice (5 per group),
and each nude mouse in the drug group were injected
with 5 mg/kg of cisplatin once every two days from
the day 7t after injection. Control group were injected
with equivalent PBS. The tumor length (L) and width
(W) were measured with a vernier caliper every 5
days. The volume of the tumor was calculated
according to the following formula: Volume=
(LxW?2)/2. Tumor weight was measured at the end of
the experiment. Animals were sacrificed on the day
42nd. Tumors were isolated, weighed and
immunostained with anti-ADNDP, anti-N-cadherin,
anti-E-cadherin and anti-Vimentin. The animal
feeding and experimental operations were performed
under SPF conditions and were approved by the
Animal Ethics Committee of the Affiliated Cancer
Hospital of Xiangya Medical College of Central South
University. The study was approved by the animal
ethics committee of the Affiliated Cancer Hospital of
Xiangya School of Medicine, Central South University
(No: 2019-007).

Statistical analysis

All statistical analyses were performed using the
SPSS 21.0 statistical software (SPSS Incorporated,
Chicago). All data were from at least three
independent repeated experiments. Mean + SD
significant tests were used, and the specific test was
performed by the student test. Chi-square test was
used to analyze the relationship between ADNP
expression and clinicopathological characteristics.
Survival curves were drawn using Kaplan-Meier
method and compared by log-rank test. Survival data
were analyzed using univariate and multivariate
cox-regression. All cases were statistically significant

with P <0.05.

Results

ADNP was up-regulated in patients suffered
tumor-progression

We randomly collected the surgical fresh
specimens from 43 BC patients, including 25 patients
with tumor-progression and 18 patients with
no-progression. The expression of ADNP mRNA was
up-regulated in the patients who suffered tumor-
progression  versus in the patients with
no-progression (P<0.05, Fig. 1A). Additionally, the
immunohistochemistry of 128 BC tissues showed that
ADNP protein was also significantly overexpressed in
patients with tumor-progression (P <0.01, Table 1 and
Fig. 1B, C). These data suggested that overexpression
of ADNP associated with tumor-progression in
patients treated with chemotherapy.

Table 1. Correlations of ADNP expression and
clinicopathological features of bladder cancer patients

Characteristics n ADNP expression P-value
Low (n=72)  High (n=56)

Age (y)

260 72 (56.3%) 44 28 0.209

<60 56 (43.8%) 28 28

Gender

Male 61 (47.7%) 39 22 0.094

Female 67 (52.3%) 33 34

T stage

T2 85 (66.4%) 56 29 0.002

T3, T4 43 (33.6%) 16 27

Tumor multiplicity

Unifocal 81 (63.3%) 52 29 0.017

Multifocal 47 (36.7%) 20 27

Tumor size (cm)

<3 76 (59.4%) 34 42 0.002

>3 52 (40.6%) 38 14

Vital states

non-progression 73 (57.0%) 52 21 <0.001

progression 55 (43.0%) 20 35

Patients with high ADNP expression were
associated with poor prognosis

In order to explore the relationship between
ADNP expression and clinical parameters, we
collected the clinical data of the 128 BC patients and
scored the degree of ADNP antibody staining. The
clinical data of these paraffin-embedded BC
specimens showed in Table 1. Kaplan-Meier survival
curve showed that the no-progression was
significantly shorter in patients with high expression
of ADNP versus in the patients with low ADNP
expression (P <0.01, Fig. 1D). Cox regression analysis
also showed that ADNP was a risk prognostic factor
for bladder tumor-progression after chemotherapy
(Table 2). In summary, these data supported that
ADNP upregulation in BC tissues was associated with
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poor  prognosis  in treated  with

chemotherapy.

patients

Table 2. Univariate and multivariate Cox-regression analyses of
prognostic factors in bladder cancer patients

Variables HR Univariate analysis HR  Multivariate analysis
95% CI p-value 95% CI p-value

Age 1.129  0.655-1.129 0.655 - - -

Sex 1.225 0.719-2.088 0.455 - - -

T stage 3.823  2.232-6.549 <0.001 2513 1.398-4.517 0.002
Tumor 2.839 1.663-4.848 <0.001 1.923 1.073-3.447 0.028
multiplicity

Tumor size 0.360  0.196-0.662 <0.001 0.484 0.256-0.917 0.026
ADNP 3.362 1.936-5.838 <0.001 2.091 1.130-3.867 0.019

Abbreviations: HR: hazard ratio; CI: confidence interval.

ADNP increased the cisplatin-resistance in BC
cells

In previous studies, we used western blotting to
detect the basic expression of ADNP protein in four
BC cell lines, in which it was low in 5637 and
TCCSUP. By contrast, ADNP expression was much
high in T24 and BIU87. Therefore, we performed a
series of functional experiments using constructed
stable ADNP knockdown and overexpressed cells to
test whether ADNP contributes to the sensitivities of
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cisplatin in BC cells. We knocked down ADNP in T24
and Biu87 cells, respectively. CCKS8 test showed that
Knocking down ADNP reduced cell viability in both
types of cells, and the promoting effect became
stronger with the increase of cisplatin concentration.
(Fig. 2A). Similarly, ADNP knockdown in the cells
under cisplatin treatment also significantly reduced
the average number of colonies in the colony
formation experiment (Fig. 2C). Furthermore, we
overexpressed ADNP in 5637 and TCCSUP cell lines,
both CCK8 and colony formation analysis showed
that ADNP overexpression significantly increased the
cell viability and average colony number (Fig. 2B and
2D). These results indicated that ADNP may induce
the resistance of BC cells to cisplatin.

ADNP accelerated migration and promoted
EMT in BC cells

We performed wound healing experiment to
explore the impact of ADNP on migration in BC cells.
As shown in Fig. 3A, cells with ADNP knockdown
exhibited delayed wound healing compared with NC
group under cisplatin treatment. Overexpressed
ADNP showed opposite results, suggesting that
ADNP may promote the migration of BC cells under
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Figure 1. ADNP expression associates with tumor progression in patients after intravesical chemotherapy. A, ADNP mRNA in 43 bladder tumors, including 25
progression BC and 18 non-progression BC, were analyzed by using real-time quantitative PCR. Standardization was performed with B-actin as a control gene. B, Representative
images of ADNP protein expression in non-progression BC and progression BC, the slides represent 50 microns. C, Quantitative analysis of the average immunohistochemistry
staining scores of ADNP in 73 cases non-progression BC tissue and 55 cases progression BC tissue after chemotherapy. D, Kaplan-Meier method analyzed the no progression

survival in 128 BC patients according to ADNP expression. * P <0.05.
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cisplatin treatment. Interestingly, compared with NC
group under cisplatin  treatment, = ADNP-
overexpression up-regulated the expression of
mesenchymal cell markers including N-Cadherin,
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A
1007 — T24-ADNP-NC : 1007 — BIUB7-ADNP-NC .
- — T24-ADNP-KD2 - = i i
£ 80 = 801 BIU87-ADNP-KD2
T 60 C 604
] o
7] w0
% 404 ‘§-40.
2 201 2 204
< <
0 T T T 1 0 . r r r )
0.00 0.25 0.50 0.75 1.00 000 015 030 045 060 075
Cisplatin concentration(ug / ml) Cisplatin concentration(ug / ml)
B
1007 — 5637-ADNP-VECTOR 1007 — TCCSUP-ADNP-VECTOR §
- — 5637-ADNP-OE : = — TCCSUP-ADNP-OE
= 807 R 80 .
o 2
B 60 © 60
2]
% -
o 404 S 404
g g
o .
2 20 g 2
0 . : . : . 0 : : : . .
000 015 030 045 060 0.75 0,000 0125 0250 0375 0.500 0.625
Cisplatin concentration(ug / ml) Cisplatin concentration{ug / ml)
Cc ADNP-NC ADNP-KD2
B\ 120+
M e e Bl ADNP-NC
. L]
L s aal Bl ADNP-KD2
-
4 £
o
[
>
& m——\ g
‘ ol t o\ o
( ., )
Yy
T24 BIUST
. .
- e s, 1004 B ADNP-Vector
s S\ o a0\
5637 g ( it } 804 Bl ADNP-OE
- it ® o . ('™ *
o e . R [ _g
T E 60 .
: 2
- Z 404
. . e @ -." . 8
o\ [l M 204
Tccsur (NSRRI | ttel R 5
o e o4 gl 5637 TCCSUP
\J »

Figure 2. ADNP increases the cisplatin-resistance in BC cells. A, T24 and BIU87 cells were transfected
with different ADNP-knockdown shRNA (KD-2) and negative control shRNA (NC) to establish the stable ADNP
knockdown cell. CCK8 detected the apoptosis rate in BC cells under different concentrations of cisplatin. B, 5637
and TCCSUP cells transfected with ADNP overexpression plasmid (OE) and the empty vector ADNP (Vector) to
establish the stable ADNP overexpressing cell. CCK8 detected the apoptosis rate of BC cells under different
concentrations of cisplatin. C, Clone formation test to detect the growth of BC cells with the treatment of cisplatin
between ADNP knockdown group and negative control group in T24 and BIU87. D, Clone formation test to detect
the growth of BC cells treated with cisplatin between ADNP overexpressing group and blank control group in 5637
and TCCSUP. ** P <0.01, * P <0.05.

Vimentin and snail as detected by western blot
while
p-Catenin and Claudin-1 were down-regulated. By
contrast, cells with ADNP-knockdown showed the

the expression of E-cadherin,

opposite (Fig. 3B). These data
strongly suggested that ADNP
induced EMT. Together, ADNP can
increase the resistance of BC cells to
cisplatin possibly by accelerating
the migration and promoting EMT
in BC cells.

ADNP regulated the
cisplatin-resistance of BC in
vivo

In order to wverify the
experimental results in vitro, we
constructed  xenograft bladder
tumor models using T24 bladder
cells in NOD/SCID nude mice to
evaluate the effect of ADNP on
cisplatin response in vivo. As shown
in Fig. 4A-C, cisplatin were
associated with lower ability of
tumor forming. ADNP knockdown
inhibited tumor formation and
higher drug response rate. Using
immunohistochemistry on isolated
nude mouse tumor tissues, the
results confirmed that ADNP
knockdown significantly down-
regulated the expression of ADNP,
N-Cadherin, and Vimentin after
cisplatin intervention, while
E-Cadherin expression was the
opposite (Fig. 4D). These results in
vivo suggested that ADNP may
play an important role in the
development of cisplatin resistance
in BC.

ADNP activated TGF-8/Smad
signaling pathway

To further study the possible
molecular mechanism why ADNP
regulated EMT and cisplatin-
resistance, we treated the BC cells
with cisplatin (0.125 ug/ml, 48 h)
and used western bolt to explore
the protein expression of the key
proteins in the TGF-B/Smad, which
is classic signaling pathway in EMT
processes. As shown in the
experiments with ADNP knock-
down in T24 and BIU87 BC cells,
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expression of TGF-B, TGF-BR1, Smad2, Smad3,
p-Smad2 and p-Smad3 was significantly decreased,
while overexpression of ADNP in 5637 and TCCSUP
BC cells produced the opposite effects (Fig. 5). These
results suggested that ADNP activated the
TGF-B/Smad signaling pathway. ADNP promoted
EMT and induced cisplatin resistance in BC cells,
which may be related to TGF-$/Smad signaling
pathway.
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Discussion

In this study, we analyzed the relationship
between ADNP and cisplatin-resistance in human BC.
Our results, for the first time, indicate that ADNP
expression was higher in progression BC compared to
non-progression BC. Patients with high ADNP
expression in BC had significantly shorter survival
after chemotherapy. Here we provided the potential
evidences that ADNP induced cisplatin-resistance.
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Figure 3. ADNP accelerates migration of BC cells. A, Wound healing assay was used for validating the effect of ADNP on migration in BC. B, Western blot was used to
detect the expression of N-Cadherin, E-Cadherin, 3-Catenin, Vimentin, snail, and Claudin-1 in the different groups. ** P <0.01, * P <0.05.
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Figure 4. ADNP regulates the cisplatin-resistance in BC in vivo. A, 4 groups image of tumors dissected from NOD/SCID nude mice. B, Tumors volume was measured
from the 7th day after tumor implantation, the continuous growth curve was drawn. C, Comparison of the average tumor resection weight of the control group and the
knockdown group with the treatment of cisplatin. D, Immunohistochemical detection of representative images of ADNP, N-Cadherin, E-Cadherin, and Vimentin in two groups

of nude mice. *** P <0.001, ** P <0.01, * P <0.05.

ADNP encodes a protein that is involved in the
development of the nervous system in embryos [33].
Besides, ADNP gene is also closely linked with tumor
cells proliferation, invasion as well as migration [15].
Wound healing experiments showed that ADNP
promoted cell migration [15, 34]. A recent study
showed that the expression of ADNP enhanced the
adaptive ability of malignant peripheral nerve sheath
tumors to survive in a malignant environment [16, 35]
[16]. The expression of ADNP in bladder was related
to age and sex, and is higher in young men [36]. Here
we found that the high expression of ADNP leaded to

unfavorable prognosis in patients treated with
chemotherapy. Thus, we hypothesized that ADNP
may promote cells proliferation and cell migration,
thereby increasing the chemoresistance in BC. In this
study, we verified our hypotheses by using in vitro
experiments. Our results revealed that ADNP
knockdown in BC cell lines significantly reduced cells
proliferation and cell migration under cisplatin, while
ADNP upregulation showed the opposite results.
These results supported that ADNP had an effect on
BC chemoresistance.
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Figure 5. ADNP activates TGF-B pathway in BC cells. BC cells were treated
with cisplatin (0.125 pg/ml, 48h). The expression of the key proteins in the
TGF-B/Smad, including TGF-B, TGF-BR1, Smad2/Smad3, p-Smad2/p-Smad3 were
detected in BC cells by using western blot.

EMT is considered to be closely related to tumor
progression and chemotherapy resistance [10]. Gene
expression alterations during EMT processes resulted
in many phenotypic changes such as changes in cell
morphology, loss of adhesion, and acquisition of stem
cell-like features [37]. In most cases, the loss of
E-cadherin is a hallmark of EMT. For instance, MCF-7
breast cancer cell line resistant to adriamycin and the
ZR-75-B breast cancer cell line resistant to vincristine
exhibited EMT and vimentin high expression, while
E-cadherin, formation of desmosomes and tight
junction expression were reduced [38]. In this study,
we used immunoblotting to analyze the expression of
EMT-related biomarkers in BC cell lines. ADNP
upregulation  increased the  expression  of
mesenchymal biomarkers like N-cadherin, vimentin
as well as snail, whereas it reduced the expression of
epithelial proteins like E-cadherin, [-catenin and
Claudin-1, which consist with previous founding. By
contrast, ADNP downregulation showed the opposite
results, indicating that ADNP promoted the EMT in
BC cells. A close relationship between ADNP-induced
EMT and cisplatin-resistance were also established on
mice models. Subcutaneous xenotransplantation was
used to establish a model in nude mice. The results
showed that cisplatin were associated with lower
ability of tumor forming. ADNP knockdown inhibited
tumor formation and higher drug response rate.
ADNP knockdown significantly down-regulated the
expression of ADNP, N-Cadherin, and Vimentin after
cisplatin intervention, while E-Cadherin expression
was the opposite. These data were consistent the
research on lung cancer. The growth rate of primary
tumor in mice was reduced by 60% by treatment with
the cyclophosphamide (a chemotherapeutic drug).

However, as compared with epithelial-type cancer
cells, EMT-positive cells in primary tumors were
resistant to drug induced cell apoptosis. The number
of cells were without significantly decreasing under
chemotherapy [39]. Above data revealed that EMT
might have contribution on drug resistance in BC.

Transforming growth factor beta (TGF-p), which
played an important role in cell proliferation,
differentiation, embryogenesis and morphogenesis, is
thought to be a main pathway of the EMT process in
cancer [40]. In classic TGF-p/Smad signaling, TGF-p
ligand binded to the type II TGF-{ receptor (TBRII) on
the cell membrane to form the TGF-p/TPRII complex
to activate the type I TGF-p receptor (TPRI) [41, 42].
Phosphorylation of TPRI activated phosphorylation of
Smad?2 and Smad3 in cytoplasm [43]. Phosphorylation
of Smad2/3 caused a trimer formation between
phosphorylated Smad2/3 and Smad 4 [44]. The
receptor activated Smad complex activated or
inhibited its target gene promoter, thereby promoting
EMT [45]. Studies showed that long-term exposure to
EGFR-TKIs activated TGF-B/Smad signaling and
promoted the EMT phenotype in non-small cell lung
cancer [9]. In line with this, we knocked down ADNP
in T24 and BIU87 BC cells and found the expression of
TGFp, TGF-PRI and p-Smad2/3 were decreased, in
contrast, overexpression of ADNP in 5637 and
TCCSUP BC cells showed opposite results, indicating
that ADNP promoted cell migration and EMT,
thereby inducing cisplatin resistance, which may be
related to TGF-B/Smad signaling pathway. TGF-f
belongs to the TGF-P superfamily, which regulates
cell growth and differentiation, and can transform the
phenotype of normal fibroblasts. The TGF-p pathway
was affected by changes in epithelial cell adhesion
molecules [46]. Previous studies have shown that cell
growth and migration were regulated by cell
adhesion (such as cadherins, selectins), while ADNP
promoted cell adhesion [47]. Therefore, we speculated
that ADNP may affect the activation of TGEF-p
signaling pathway by regulating cell adhesion,
thereby promoting EMT and increasing the resistance
of BC cells to cisplatin, which is the content of our
next study.

In summary, our study showed that ADNP was
significantly upregulated and was closely related to
unfavorable prognosis in progression BC after
chemotherapy. ADNP promoted cell migration and
EMT, thereby inducing cisplatin resistance, which
may be related to TGF-f/Smad signaling pathway.
Our results provided a mechanistic explanation for
the involvement of ADNP in BC progression under
chemotherapy. ADNP may be a novel molecular
target for predicting prognosis and cancer therapy in
patients with BC after chemotherapy.
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