OncoTargets and Therapy

Dove

ORIGINAL RESEARCH

Long Non-Coding RNA SPRY4-IT| Reverses
Cisplatin Resistance by Downregulating MPZL-|
via Suppressing EMT in NSCLC

Yunyao Ye(®'?**

Jingyao Gu'*
Pei Liug'3*
He Wang'*
Lihua Jiang'
Tianyao Lei'
Shanxun Yu?
Gaohua Han?

Zhaoxia Wang®'

'Department of Oncology, The Second
Affiliated Hospital of Nanjing Medical
University, Nanjing, Jiangsu, People’s
Republic of China; 2Department of
Oncology, Taizhou People’s Hospital,
Taizhou, Jiangsu, People’s Republic of
China; *Department of Digestive
Oncology, The Fourth Affiliated Hospital
of Nanjing Medical University, Nanjing,
Jiangsu, People’s Republic of China;
“Department of Oncology, Sir Run Run
Hospital, Nanjing Medical University,
Nanjing, Jiangsu, People’s Republic of
China

*These authors contributed equally to
this work

Correspondence: Zhaoxia Wang
Department of Oncology, The Second
Affiliated Hospital of Nanjing Medical
University, Nanjing 210011, People’s
Republic of China

Tel +86-25-58509810

Fax +86-25-58509994

Email zhaoxiawang66@ | 26.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Purpose: Long non-coding RNA (IncRNA) SPRY4 intronic transcript 1 (SPRY4-IT1) is
reported to play important roles in the occurrence and development of many tumors.
However, the possible role of SPRY4-IT1 in cisplatin (DDP) resistance of non-small-cell
lung cancer (NSCLC) remains unclear. The aim of this study is to investigate the functions
and molecular mechanisms underlying SPRY4-IT1 of cisplatin resistance in NSCLC.
Methods: Expression of SPRY4-IT1 was analyzed in A549 and cisplatin-resistant A549/DDP
cell lines by quantitative real-time polymerase chain reaction (RT-qPCR). Overexpression
techniques were applied to investigate the biological functions of SPRY4-IT1 in cisplatin-
resistant A549/DDP cells. The effects of SPRY4-IT1 on proliferation and apoptosis were
evaluated using cell counting kit-8 (CCKS8) assays, colony formation assay and flow-
cytometric analysis. The expressions of epithelial-mesenchymal transition (EMT)-associated
proteins, including E-cadherin and Vimentin, were detected by Western blot. Microarray analysis
was performed to identify the putative targets of SPRY4-IT1, which were further verified by
Western blotting and RT-qPCR. A549/DDP cells transfected with pCDNA-SPRY4-IT1 were
injected into nude mice in order to verify the effect of SPRY4-1T1 on cisplatin resistance in vivo.
Results: The present study demonstrated that SPRY4-IT1 expression was decreased in
A549/DDP cells compared with parental A549 cells. Upregulation of SPRY4-IT1 suppressed
cell proliferation and caused apoptosis of AS49/DDP cells both in vitro and in vivo. MPZL-1
was negatively regulated by SPRY4-IT1. Furthermore, upregulation of SPRY4-IT1 and
downregulation of MPZL-1 could suppress epithelial-mesenchymal transition (EMT),
which was characterized by increased E-cadherin expression and decreased Vimentin
expression.

Conclusion: Upregulation of SPRY4-IT1 reversed the cisplatin-resistant phenotype of
NSCLC partially by downregulating MPZL-1 via inhibiting EMT process.
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Introduction

Lung cancer is one of the most common types of cancer, and the leading cause of
cancer-associated mortality in both men and women worldwide." Non-small-cell
lung cancer (NSCLC) accounts for 80-85% of all lung cancer cases.” Despite
considerable progress in treatment of the disease, platinum-based combination
chemotherapy, especially cisplatin,” still remains the mainstay of NSCLC treatment,
for neoadjuvant therapy, adjuvant therapy and palliative therapy. However, cisplatin
resistance severely impedes NSCLC treatment and becomes a major cause of the
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therapy failure. Therefore, understanding the molecular
mechanisms underlying chemoresistance is crucial for the
effective therapeutic strategy and improvement of survival
rate.

Long noncoding RNAs (IncRNAs) are non-protein-
coding RNAs, with more than 200 bp in length.* IncRNAs
function as key regulators of several biological processes,
such as cell proliferation, apoptosis, migration and invasion
by epigenetic, transcriptional and post-transcriptional
levels.” The dysregulated expressions of IncRNAs, acting
as oncogenes or antioncogenes, have been demonstrated to
be related with the occurrence and progression of a variety
of cancers. An accumulating evidence indicates that
IncRNAs are also implicated in the development of tumor
chemoresistance.® For instance, Li et al found that highly
expressed IncRNA SNHGI! involves in the hepatocellular
carcinoma cells sorafenib resistance via activating the Akt
pathway (PMID: 31053148). Moreover, LINC00665 con-
tributes to the NSCLC cells acquired resistance to gefitinib
by interacting with EZH2 and activating the PI3K/AKT
pathway (PMID: 30889481).

LncRNA SPRY4 intronic transcript 1 (SPRY4-IT1) is
derived from an intron within SPRY4,” which plays an
important role in melanoma cell growth and invasion.
Aberrant expression of SPRY4-IT1 has also been found in
many other cancers, such as prostate cancer, breast cancer
and esophageal cancer.®? Our previous study showed that
EZH2-mediated epigenetic suppression of SPRY4-IT1 is
correlated with a poor prognosis of NSCLC, and promotes
cell proliferation and metastasis by affecting the epithelial—
mesenchymal transition (EMT).'® However, whether
SPRY4-IT1 influences the development of chemoresistance
in NSCLC remains unclear. In this study, we investigated
the effects of IncRNA SPRY4-IT1 expression on the che-
mosensitivity of NSCLC cells to cisplatin both in vitro and
in vivo. Furthermore, we clarified for the first time that
overexpression SPRY4-IT1 could reverse cisplatin resis-
tance by inhibiting MPZL-1 via inhibiting EMT in NSCLC.

Materials and Methods
Cell Lines and Cell Culture

The cisplatin-resistant human lung cancer cell line (A549/
DDP) and its parental cell line (A549) were obtained from
the Cancer Institute, Chinese Academy of Sciences. All cells
were cultured in RPMI-1640 medium supplemented with 10%
fetal bovine serum, 100 U/mL penicillin and 100 pg/mL
streptomycin under 5% CO, at 37°C. The cisplatin-resistant

cell line A549/DDP was exposed to the medium containing
1.0 pg/mL cisplatin in order to maintain cisplatin resistance.

RNA Extraction and RT-qPCR

Total RNA was extracted from cells or transfected cells by
using TRIzol reagent (Invitrogen, Carlsbad, CA) according to
the manufacturer’s instructions. Total RNA (500 ng) was
reverse transcribed by using PrimeScript RT reagent Kit
(Takara, China). The RNA expression was determined
by SYBR Premix Ex Taq (TaKaRa, Dalian, China) and nor-
malized with the expressions of GAPDH. SPRY4-IT1 expres-
sion was determined by qRT-PCR using the following
primer sequences: sense, 5'-AGCCACATAAATTCAGCAG
A-3'; and reverse, 5'-CGATGTAGGATTCCTTTCA-3'. The
primer for MPZL-1 was designed as: sense, 5'- GTTAAGCAG
GCTCCTCGGAA-3"; and reverse, 5-TCCGCATACACC
ACAGACTC-3'". Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal control and the primers were
as follows: sense, 5'-GTCAACGGATTTGGTCTGTATT-3";
and reverse, 5'-AGTCTTCTGGGTGGCAGTGAT-3'.

Construction of Plasmid Vector

SPRY4-IT1 was synthesized and subcloned into the pLenti-
GIII-CMV-GFP-2A-Puro vector. Ectopic expression of
SPRY4-IT1 was achieved through pPCDNA-SPRY4-IT1 trans-
fection, with an empty pCDNA vector as a control. The
expression levels of SPRY4-IT1 were detected by RT-qPCR.

Cell Counting Kit-8 (CCK8) Assay and

Colony Formation Assay

The half-maximal inhibitory concentration (ICs,) was deter-
mined using a CCK8 assay. Transfected cells were seeded in
96-well plates and maintained in standard growth medium.
Overnight, cells were exposed to different concentrations
of cisplatin. Cell viability was assessed at 0, 24, 48, 72
and 96 h with and without cisplatin treatment. CCK8 of
added and
2 h. Absorbance at 450 nm was then detected using an

10 pL/well was incubated for another
automatic microplate reader. For the colony formation
assay, transfected cells (0.5x10° cells/well) were seeded
into 6-well plates. After 14 days, cells were fixed with
methanol and stained with 0.1% crystal violet, and the num-
ber of colonies was counted.

Flow Cytometric Analysis
A549/DDP control cells and treated cells were seeded in
6-well plates and then treated for 24 h in medium with or
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without DDP. The cells were then washed twice in cold
PBS and fixed with 70% ethanol. After centrifugation at
2000 x g for 5 min, the cells were double stained with
Annexin V-FITC and propidium iodide and analyzed using
a flow cytometer equipped with CellQuest software.

Western Blot Assay

Cells were lyzed in RIPA buffer with a protease inhibitor
cocktail and phenyl-methylsulfonyl fluoride. Protein lysates
were separated via SDS-PAGE (10% gel) and transferred
onto polyvinylidene fluoride membranes (EMD Millipore).
Blocking was achieved with 5% skimmed milk for 1 h in
Tris-buffered saline Tween 20, and the membrane was incu-
bated with primary antibodies E-cadherin
(Proteintech, USA), Vimentin (Proteintech), MPZL-1
(Proteintech), and GAPDH (Proteintech), overnight at 4°C.
The membrane was then incubated with secondary antibody
for 1 h after washing with TBST three times. An anti-

GAPDH antibody was used as a control. Signals were visua-

against

lized using the ECL chromogenic substrate and quantified by
densitometry using Quantity One software.

Tumor Formation Assay in a Nude Mouse

Model

Ten female athymic BALB/c nude mice (4 weeks old)
were maintained under pathogen-free conditions and ran-
domly divided into two groups (5 for every group). A549/
DDP cells were transiently transfected with pCDNA-
SPRY4-IT1 and empty vector, and harvested from the
6-well cell culture plates, washed with phosphate-
buffered saline, and resuspended at a concentration of
1x10® cells/mL. A total of 100 mL of suspended cells
was subcutaneously injected into a single side of the
posterior flank of each mouse. The tumor growth was
examined every 3 days, and tumor volumes were calcu-
lated using the equation V=0.5xDxd” (V, volume; D, long-
itudinal diameter; and d, latitudinal diameter). When

tumor volumes reached 50 mm?®

, every mouse received
cisplatin 3 times per week by intraperitoneal injection at
a dose of 3.0 mg/kg. At 5 weeks post-injection, the mice
were euthanized, and the subcutaneous growth of each
tumor was examined. The present study was performed
in strict accordance with the recommendations in the
Guide for the Care and Use of Laboratory Animals of
the National Institutes of Health. The protocol was
approved by the Committee on the Ethics of Animal

Experiments of the Nanjing Medical University.

Immunohistochemical (IHC)
The mouse xenograft tumors were immunostained for the
marker of Ki-67, E-cadherin and Vimentin.

Statistical Analysis

All the experiments were replicated 3 times. All data were
shown as means + SD. Statistical differences were tested
using Student’s z-test (two-tailed) between two groups and
one-way analysis of variance (ANOVA) among multiple
groups by SPSS 16.0 software. P<0.05 was considered to
be statistically significant.

Results
SPRY4-IT| Is Downregulated in

DDP-Resistant NSCLC Cells (A549/DDP)

To evaluate the differences of A549/DDP and A549 cells on
DDP treatment response, CCK8 assay was performed to
detect the cell viability in the presence of DDP. It showed
that A549/DPP cells were more resistant to DDP compared
to A549 cells as determined by their IC50 (half-maximal
inhibitory concentration) respectively (28.36+ 2.3 ug/mL vs
8.75+1.0ug/mL; Figure 1A; P < 0.01). A549/DDP cell
appears large swellings and spindle-shaped form different
from A549 cell under microscopy (Figure 1B). Considering
the role of SPRY4-IT1 in NSCLC development,' we detected
the expression of SPRY4-IT1 in these two cell lines. It was
revealed that SPRY4-IT1 expression in A549/DDP cells
was significantly decreased by approximately 2.5 folds
(Figure 1C; P<0.01) in contrast to A549 cells. To further
investigate the effects of SPRY4-IT1 on the development of
DDP resistance in NSCLC, pCDNA-SPRY4-IT1 vector was
transfected into A549/DDP cells to up-regulate SPRY4-1T1
expression (Figure 1D). CCK8 assay demonstrated that IC50
of SPRY4-IT1 over-expressed cells was largely decreased
compared with controls (12.36+1.2pug/mL vs 27.44+2.5ng/
mL; Figure 1E; P <0.01).

SPRY4-IT| Overexpression Inhibits
Proliferation and Promotes Apoptosis in
A549/DDP Cells

To investigate how SPRY4-IT1 influences the development
of NSCLC cell resistance to DDP, the CCK8 assay was
conducted. The results of CCK8 assay revealed that cell
growth was impaired in A549/DDP cells transfected with
pcDNA-SPRY4-IT1 combined with DDP treatment than that
in controls (Figure 2A). To further verify the results, colony
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Figure | IncRNA SPRY4-IT| expression is downregulated in A549/DDP cells.

Notes: (A) IC50 of cisplatin were detected in A549 and A549/DDP cells. (B) Morphologies of A549 and A549/DDP cells under microscope (40xmagnification). (C) SPRY4-
IT1 expression was significantly downregulated in A549/DDP cells compared with A549 cells. (D) A549/DDP cells were transfected with pCDNA-SPRY4-IT| and pCDNA-
NC. (E) IC50 of cisplatin were detected in A549/DDP cells transfected with pCDNA-SPRY4-IT| and pCDNA-NC individually. **P<0.01.

Abbreviations: IncRNA, long noncoding RNA; SPRY4-IT1, SPRY4 intronic transcript |; IC50, half-maximal inhibitory concentration; RT-qPCR, quantitative real-time

polymerase chain reaction.

formation assay was performed and the results showed that
clonogenic survival was inhibited following overexpression
of SPRY4-IT1 under DDP treatment (DDP dose of 0.0, 8.0
png/mL; Figure 2B). Furthermore, flow cytometry analysis
showed that upregulation of SPRY4-IT1 expression signifi-
cantly promoted DDP-induced apoptosis in A549/DDP cells
(DDP dose of 0.0, 8.0 pg/mL; Figure 2C).

MPZL-I Is Negatively Modulated by
SPRY4-IT| in A549/DDP Cells

RNA transcriptome sequencing was applied to identify genes
that exhibited altered expression between SPRY4-IT1 over-
expressed cells and controls (Table 1). Ninety-two genes
were differentially expressed in all the three replicates
(expression change >1.5 fold; P<0.05), and 53 genes were
upregulated and 39 genes were downregulated (Figure 3A).
The Gene Ontology (Go) enrichment analysis demonstrated

that those genes with significant differences (>2.5 fold
change) following SPRY4-IT1 overexpression were primar-
ily involved in apoptosis, epithelial-mesenchymal transfor-
mation (EMT),
pathways (Figure 3B). To validate the microarray findings,

and mesenchymal cell development
the top 10 up-regulated and down-regulated genes were sub-
jected to verification by RT-qPCR (Figure 3C and Table 2). It
was revealed that the trend in expression changes (upregula-
tion or downregulation) of all 10 selected genes were con-
sistent with the microarray analysis. However, among those
differentiated-expression genes, MPZL-1 expression exhib-
ited the most substantial change (down-regulated) and was
enriched in the EMT-associated cell migration pathways. The
results of the Western blot analysis further confirmed that
upregulation of SPRY4-IT1 could lead to decreased MPZL-1
protein expression in A549/DDP cells (Figure 3D and E)
while neither upregulation nor downregulation of MPZL-1

submit your manuscript

2786

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove Ye et al
A B PCDNA/NC PCDNA/SPRY4-IT1
120 -
350 — DDP
2100 | DDP 300 _L *% O0ug/ml
£ Oug/ml
£ 80 2 u Sug/ml
§ 80 1a—ase £2%0 ug/m
< 2
X 60 A S 200
; —eo—A549/DDP =
= 5 150
2 40 4 %
£ —4—PCDNA/SPRY4-IT1 3 100
% 2 DDP z
b1 1 8ug/ml
—e—pCDNA/NC 50
0 . . . . . . . . 0
0 1 2 4 8 16 32 64
DDP (ug/ml) <
N v:l"‘“
c LN
DDP Oug/ml DDP 8Sug/ml ©
V‘o ‘fo
«: 171% o 441% 40 1 = DDP
2] ]
pCDNA 2 - - 35 DOug/ml
INC ~ * ~ *
o4 =5 —_
- " g 307 u8ug/ml
o ) 3 2
- - 39T% - 7.320% £ 251
S (=] @
2 IChR T B g € 20
109 10" 102 103 10* 10° 10" 10° 10° 10 z
o Tc_: < 15
5.86%
pCDNA @ o4 11.88% 10
/SPRY4-IT o
o o 5 1
- - N
= El py
o Dk o $C [\
S - m 2 T 4 e T T T C°$PJ \SYVS
100 10" 102 10% 10* T100 10! 102 103 104 ¢ P

Figure 2 IncRNA SPRY4-IT| inhibited cell proliferation and promoted apoptosis induced by cisplatin in A549/DDP cells.

Notes: (A) Cell viability was measured by CCK8 assay in A549 and A549/DDP cells with and without transfection of pPCDNA-NC or pCDNA-SPRY4-IT| under different
concentrations of cisplatin after treatment. (B) Clonal forming analysis was used to detect the effect of overexpression of SPRY4-IT| on cell growth under different
concentrations of cisplatin at 14 days after treatment. (C) Flow cytometric analysis was used to investigate the effect of SPRY4-IT| on cell apoptosis induced by cisplatin

(cisplatin dose of 0.0, 8.0 ug/mL) at 24 h after treatment. *P <0.05, **P<0.01.

Abbreviations: CCK-8, cell counting kit-8; InNcRNA, long noncoding RNA; SPRY4-IT I, SPRY4 intronic transcript |; RT-qPCR, quantitative real-time polymerase chain reaction.

had no significant effect on the expression of SPRY4-IT1.
These results indicated that the expression of MPZL-1 was
negatively regulated by SPRY4-IT1.

SPRY4-IT| Reverses Cisplatin Resistance
via Downregulating MPZL-1

In order to investigate whether MPZL-1 participates in the
development of chemoresistance in A549/DDP cells, we

Table | Number of Regulated Genes in A549/DDP Cells After
Overexpression of SPRY4-IT| as Compared to Negative Controls

No. of Genes (=1.5-Fold)

Up-Regulated Down-Regulate
Genes Genes

Replicate | 298 255

Replicate 2 296 303

Replicate 3 347 290

Replicate | +2+3 | 53 39

Notes: Expression change of downstream genes (expression change 21.5 fold; P<0.05).
Abbreviation: SPRY4-IT|, SPRY4 intronic transcript |.

first detected the mRNA and protein expression levels of
MPZL-1 in parental A549 and A549/DDP cells. It was
confirmed that MPZL-1 expression was upregulated in
AS549/DDP cells compared with parental A549 cells signif-
icantly (Figure 4A; P<0.01). Next, it showed that decreased
expression of MPZL-1 by siRNA-MPZL-1 transfection
(Figure 4B) inhibited cell proliferation induced by cisplatin,
as observed from the survival curve and clonogenic
survival assay (Figure 4C and D). Furthermore, down-
regulation of MPZL-1 promoted A549/DDP cell apoptosis
(Figure 4E). To further verify whether MPZL-1 was
involved in SPRY4-IT1-induced regulation of DDP sensi-
tivity, we performed rescue experiments. A549/DDP cells
co-transfected with pCDNA-SPRY4-ITI and
pCDNA-MPZL-1, we found that over-expression of
MPZL-1 partially compromised the inhibition effects of
SPRY4-IT1 on growth of A549/DDP cells, thereby restor-
ing DDP resistance (Figure 4F). Our results revealed that
the effects of SPRY4-IT1 on NSCLC DDP resistance is at
least in part through targeting MPZL-1.

were
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Notes: (A) RNA transcriptome sequencing was used to detect the dysregulated genes after SPRY4-IT| overexpression 24 h. (B) Gene Ontology (GO) enrichment analysis.
(C) Ten up-regulated and ten down-regulated genes were identified by RNA transcriptome sequencing. (D) MPZL-1 was verified by qRT-PCR to be the target of SPRY4-IT.

(E) MPZL-1 was verified by Western blot to be the target of SPRY4-ITI.

Abbreviations: GO, Gene Ontology; SPRY4-IT |, SPRY4 intronic transcript |; RT-qPCR, quantitative real-time polymerase chain reaction.

SPRY4-IT1/MPZL-1 Affects Epithelial—
Mesenchymal Transition in A549/DDP

Cells

Our previous study has documented that SPRY4-IT1 could
affect cell epithelial-mesenchymal transition (EMT) process
in NSCLC cells, and EMT has been identified as an impor-
tant effector in the development of chemoresistance. To
verify whether SPRY4-IT1/MPZL-1 confer on NSCLC
cells DDP resistance via affecting EMT, we detected
E-cadherin and Vimentin mRNA and protein expression
levels after up-regulation of SPRY4-IT1 or down-regulation
of MPZL-1. The results of RT-qPCR (Figure 5A and C) and
Western blot (Figure 5D and B) determined that over-

expression of SPRY4-IT1 or down-regulation of MPZL-1
could increase E-cadherin expression while decrease
Vimentin expression.

Overexpression of SPRY4-IT| Inhibits
Xenograft Tumor Growth Under DDP

Treatment

In order to validate the effect of SPRY4-IT1 on the sensitivity
of A549/DDP cells to DDP in vivo, we constructed nude
mouse xenograft model. The results showed that the average
tumor volume or weight of SPRT4-IT1 overexpression group
was significantly smaller or lighter than that of controls under
cisplatin treatment (Figure 6A—C). The expression of
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Table 2 The Dysregulated Gene Profiles After Overexpression of SPRY4-IT| Using RNA Transcriptome Sequencing

mRNAs Regulation Ratio mRNAs Regulation Ratio

RPI1-166D19.1 Up 20.1453 RP11-1006G14.4 Down 13.9358
RP11-76217.5 Up 12.6629 NPHP3-ACADI | Down 9.39215
REST Up 10.4459 ADAMIA Down 8.47636
ZNF322 Up 9.92374 CTBPI-AS2 Down 4.96036
RP11-903H12.5 Up 6.28244 MPZLI Down 491361
ZNF24 Up 5.47958 KIAA0408 Down 3.69406
TUB Up 4.29358 DNAJB5 Down 3.32472
cs Up 3.18511 PPAN-P2RY | | Down 2.90913
GSKIP Up 282117 NFAT5 Down 2.46475
SLCI6AI Up 231973 TMEM47 Down 2.13703

Notes: Ten up-regulated genes and ten down-regulated genes.
Abbreviation: SPRY4-IT|, SPRY4 intronic transcript |.

SPRY4-IT1 in tumor tissues from pCDNA-SPRY4-IT1 staining revealed decreased Ki-67 expression, reflecting pro-
transfected A549/DDP cells was significantly increased liferation inhibition in tumor tissues formed from A549/DDP
than controls (Figure 6D). Moreover, immunohistochemical  cells with IncRNA SPRY4-IT1 overexpression (Figure 6E).
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Figure 4 Knockdown of MPZL-| inhibited cell growth and induced apoptosis of A549/DDP cells.

Notes: (A) MPZL-| was upregulated in A549/DDP cells by qRT-PCR and Western blot. (B) The expression of MPZL-1 was analyzed by qRT-PCR and Western blot after
transfection with si-MPZL-1 in A549/DDP cells at 24 h after treatment. (C) Cell growth was inhibited by downregulating MPZL-1. (D) Clonal forming analysis was used to
detect the effect of MPZL-1 low expression on cell growth. (E) Flow cytometric analysis was used to investigate the effect of MPZL-1 low expression on cell apoptosis
induced by cisplatin (Cisplatin dose of 0.0, 8.0 pg/mL) at 24 h after treatment. (F) Cell growth was measured by CCK8 assay by transfection with pPCDNA-SPRY4-IT| and
pCDNA-MPZL-| contrast to pPCDNA-SPRY4-IT| overexpression group at 0 h, 24 h, 48 h, and 72 h after treatment. *P <0.05, **P<0.01.

Abbreviations: CCK-8, cell counting kit-8; siRNA, small interfering RNA; RT-qPCR, quantitative real-time polymerase chain reaction; SPRY4-IT |, SPRY4 intronic transcript |.

OncoTargets and Therapy 2020:13 submit your manuscript 2789

Dove


http://www.dovepress.com
http://www.dovepress.com

Ye et al Dove
A B
12 Vimentin 1 E-cadherin
*¥
7 -4
.g 1 .5 o ] Vimentin l. ~
w
?;.’_ 0.8 3 _
5 2]
= 06 ¢
L0 1 4 -
% % E-cadherin | s ‘
3 o
2 041 . 5
E £,
[} [
-4 0.2 4 =
1 GarpH | D
0 -
0 -
N i-MPZL-1 .
€ s NC  si-MPZL-1 NC  Si-MPZL-1
c D
1.2 7 Vimentin 61 E-cadherin -
= 1 4 T .s 5
2 2 Vimentin - —
$ s E- 4
& 3
g 0.6 <Zt 3
= ] E-cadheri
=4 cadherin
Z £ - —
£ 04 o 2 4
® *% 2
2 =
w 02 4 CRE T GAPDH --
< -2
=7
0 . 0 ;
s ¢ A ¢ A
P,ﬁc XCad ﬁ 5 $?3$ 4&.’6
& o &
v a N
© & ©

Figure 5 Upregulation of SPRY4-IT| and downregulation of MPZL-| induced EMT reversal.

Notes: (A) The expressions of Vimentin and E-cadherin were detected by qRT-PCR in A549/DDP cells transfected with si-MPZL-| and NC at 24 h after treatment. (B) The
expressions of Vimentin and E-cadherin were detected by Western blot in A549/DDP cells transfected with si-MPZL-1 and NC. (C) The expressions of Vimentin and
E-cadherin were detected by qRT-PCR in A549/DDP cells transfected with pCDNA-SPRY4-IT| and NC at 24 h after treatment. (D) The expressions of Vimentin and
E-cadherin were detected by Western blot in A549/DDP cells transfected with pCDNA-SPRY4-IT| and NC at 24 h after treatment. **P<0.01.

Abbreviations: EMT, epithelial-mesenchymal transition; RT-qPCR, quantitative real-time polymerase chain reaction; SPRY4-IT|, SPRY4 intronic transcript |.

In addition, relative expression of epithelial marker
(E-cadherin) was increased while mesenchymal marker
(Vimentin) was decreased in pCDNA-SPRY4-IT1 group
(Figure 6E).

Discussion

For NSCLC patients, chemotherapy remains to be the most
basic and successful management; however, drug resis-
tance, either primary or acquired, represents a severe barrier
in the improvement of long-term survival and quality of life.
With the development of molecular analytical and profiling
techniques, the current understanding of resistance mechan-
isms and certain novel chemoresistance-associated
IncRNAs have been identified.!! In the case of NSCLC,
multiple IncRNAs, such as CCAT1, AK126698, HOTAIR,

GASS5, UCA1 and MEG3 have been reported to influence
chemoresistance.'> We previously reported that HOTAIR
contributes to cisplatin resistance by downregulating P21'?
and MEG3 has effect on mitochondrial apoptosis pathway
to lead to cisplatin resistance.'® In this study, it was first
revealed that IncRNA SPRY4-IT1 was downregulated in
NSCLC cisplatin-resistant cells and up-regulation of
SPRY4-IT1 partially reversed DDP resistance of NSCLC
cells by promoting apoptosis and inhibiting proliferation.
Despite the detailed molecular mechanisms underlying
chemoresistance not yet being fully understood, an accu-
mulating researches have revealed the correlation of drug
resistance and EMT.'>!'® EMT is a physiopathological
process in which epithelial cells lose adhesion proteins

and acquire the characteristics of mesenchymal cells.'”'®
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Figure 6 Overexpression of SPRY4-IT| enhanced cisplatin sensitivity of NSCLC cell in vivo.

Notes: (A) Tumor formed of A549/DDP cells transfected with pPCDNA/SPRY4-IT| after cisplatin treatment was inhibited in vivo. (B and C) Tumor weight and volume of
A549/DDP cells transfected with pPCDNA/NC and pCDNA/SPRY4-IT| after cisplatin treatment in vivo. (D) qRT-PCR was used to detect the SPRY4-IT| expression in
pCDNA/NC and pCDNA/SPRY4-IT| group. (E) The E-cadherin, Vimentin and Ki-67 expressions were detected by IHC. **P<0.01.

Abbreviations: SPRY4-IT |, SPRY4 intronic transcript |; RT-qPCR, quantitative real-time polymerase chain reaction; IHC, Immunohistochemistry.

According to certain clinical data regarding EGFR inhibi-
tors (EGFR-TKIs), it has been suggested that EMT mar-
kers may be associated with limited response to EGFR
inhibitors, whereas the retention of the epithelial pheno-
type is correlated with response, even in those without
EGFR mutations. A study by Lim in breast cancer demon-
strated that EMT confers chemoresistance by regulating
the genes associated with cell death and stem cell main-
tenance. Another study by Pattabiraman revealed that
abnormally activated EMT displayed elevated levels of
ATP-binding cassette (ABC) that promoted drug efflux.”’
In the present study, we observed that forced SPRY4-IT1
expression reversed the cisplatin-resistant phenotype of
NSCLC, in large part, owing to its ability to inhibit EMT
process.

Further RNA sequencing revealed that MPZL-1 may be
a potential SPRY4-IT1 target in NSCLC DDP-resistant cells.
In addition, MPZL-1 upregulation had been identified in
NSCLC cisplatin-resistant cells (A549/DDP), and down-
regulation of MPZL-1 reversed cisplatin resistance and sup-
pressed EMT process. MPZL-1, also known as PZR, has been
identified as Src homology phosphatase type-2 (SHP-2) bind-
ing partner in epithelial cells which is essential for

haematopoietic skeletal and vascular development.'®=°

Recent studies have shown that MPZL1 could promote the
fibronectin-dependent migration of murine mesenchymal-
derived MEF cells, and may be involved in adhesion-
dependent signaling.*' Jia et al found that MPZL1 increased
the in vitro migratory and in vivo metastatic potential of HCC
cells by elevating phosphorylation of ERK-1/2 and AKT,
which contribute to EMT programmes via receptor tyrosine
kinase (RTK) pathway.”> So, we hypothesized that in NSCLC,
MPZL-1 may act as an activator of intracellular signaling
pathway regulating EMT, conferring a greater resistance to
DDP of NSCLC cells. It has been established that IncRNAs
can either act as positive or negative regulators of target gene
expression, at various levels, including chromatin modifica-
tion, transcription, and post-transcriptional, depending on their
subcellular location.”*** Various IncRNAs can recruit special
chromatin remodeling complexes to particular chromatin loci
to induce epigenetic silence.?> There are also reports on some
IncRNAs which regulate the transcription of target genes via
a direct mechanism,”® such as promoter and enhancer asso-
ciated transcripts (paRNAs and eRNAs, respectively), besides,
by regulating transcription of enhancers and promoters, they

can play negative regulation of gene transcription.

OncoTargets and Therapy 2020:13
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Additionally, the of IncRNAs
transcriptional modifications can reflect gene function and

involvement in  post-
stability. In summary, our findings first reveal that overexpres-
sion SPRY4-IT1 can reverse resistance to cisplatin of A549/
DDP cells in vitro and vivo in lung cancers by downregulating
MPZL-1 via suppressing EMT. However, the possible
mechanisms underlying SPRY4-IT1 negative regulation of
MPZL-1 remain to be discovered and need our further work.

Conclusions
SPRY4-IT1/MPZL-1 is a promising target for improving
cisplatin efficiency in the treatment of NSCLC.
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