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Background: Molecular-targeted therapy plays an important role in the @mbined
treatment of breast cancer. Long noncoding RNA (LncRNA) pls a signi cant role
in regulating breast cancer progression. The present studys to reveal the potential
roles and molecular mechanism that the secretory carrierssociated membrane protein
1-transcript variant 2 (SCAMP1-TV2) has in breast.

Methods: Cell Counting Kit-8 (CCK-8), RNA Immunoprecipitation (R)JPand RNA
pull-down assays were employed to determine the interactios between SCAMP1-TV2
and Pumilio RNA binding family member 2 (PUM2). The lucifesa reporter assays and
chromatin immunoprecipitation (ChIP) assays were used toegj to know the effect of
human insulinoma-associated 1 (INSM1) directly on the SAMnal SH3 domain containing
1 (SASH1) promoter.

Results:  Silenced SCAMP1-TV2 inhibited the proliferation, migratn, and invasion
of breast cancer cells, and promoted cell apoptosis. Meanwhe, SCAMP1-TV2
downregulation decreased its binding to PUM2 and increasedhe binding of PUM2
to INSM1 messenger RNA (mRNA), thus promoting the degradatn of INSM1 mRNA.
Silencing INSM1 decreased its inhibitory effect on SASH1 dnscription and inhibited
the phosphatidylinositol 3-kinase (PI3K)/protein kinas& (AKT) signaling pathway. The
xenograft tumor growth in a nude mice was signi cantly inhiied by the silencing of
SCAMP1-TV2 in combination with the overexpression of PUM2.

Conclusions: SCAMP1-TV2/PUM2/INSM1 pathway plays an important role in
regulating the biological behavior of breast cancer cells.

Keywords: RNA binding protein (RBP), SCAMP1-TV2, breastca  ncer, nRNA degradation, IncRNA, PUM2
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BACKGROUND potential regulatory e ects of INSM1 in breast cancer currgntl
remains unclear. In this study, the endogenous expression of
As the second common cancer in the world, breast cancesCAMP1-TV2, PUM2, and INSML1 in breast cancer tissues and
comprises 25% of all the female cancers. The survival @glls was determined. Then, further investigation was done
breast cancer patients has been signi cantly increaseddamne the relationship between these molecules and their e ectthen
years by improvements in surgical treatment, radiotherapypiological behaviors of breast cancer cells, so as to reveabtied
chemotherapy, and endocrine therapy. However, the e cacy isnechanism for the morbidity and progress of breast cancet, an

not yet ideal for triple negative breast cancej. (At present, ¢ er another therapy for curing the breast cancer.
molecule-targeted therapy is a hot topic in the treatment efdst

cancer p).

Long noncoding RNAs (IncRNAs), as RNA transcript200 METHODS
nt without protein coding function, are important in regulaty Human-Tissue Samples
the occurrence and development of various tumdip Various  Human breast cancer specimens and their nearby tissues were
IncRNAs have become important biological markers with regardrom such cancer patients who got surgery from 2015 to 2017
to the diagnosis, treatment e cacy, and prognosis of tumors.at the Breast Surgeons Department, the First A liated Hospital
LncRNA can regulate tumor occurrence and development ajinzhou Medical University. By following the WHO classi cation
transcriptional, posttranscriptional, and epigenetic le€)sAs  of tumors in breast cancer (2012, 4th edition), the breast
a transcript of SCAMP1 gene, IncRNAomo sapiensecretory cancer specimens were divided into two categories according
carrier-associated membrane protein 1, transcript variant 2o immunohistochemical results: luminal A [R{PR(C)Her-
(SCAMP1-TV2; GenBank, NR_110885.1) cannot be translate2{—)Ki-67< 14%] and triple negative [ER(-)PR(-)Her-2(-)]
into protein, and the expression and e ects of SCAMP1-TV2breast cancer by two competent clinical pathologists. The
in breast cancer have not been reported. Gene expressionnsfethods applied in our study were approved by the Institutional
able to be regulated at the posttranscriptional level by RNAReview Board at The First A liated Hospital, Jinzhou Medical
binding proteins (RBPs), which should be play an important roleUniversity. The consent was given by all the related patients$, a
in the occurrence and development of tumors. Pumilio RNAthe study was approved by the Ethics Committee of The First
binding family member 2 (PUM2) belongs to a PUF family A liated Hospital of Jinzhou Medical University.
of RBPs. PUM2 can bind with 750 uniqgue messenger RNA
(MRNA) targets in humans and plays a critical role in brainCell Culture
development and the maintenance of stem cells Studies The human MCF-10A, MCF-7, and MDA-MB-231 cell lines
completed in recent years have shown that PUM2 has awere purchased from Chinese Academy of Medical Sciences
important regulatory e ect on several solid tumors and soft(Shanghai, People's Republic of China). Human embryonic
tissue malignant tumors( 7). However, the expression and role kidney (HEK) 293T cell lines were purchased from the Shanghai
played by PUM2 in breast cancer have not yet been reportethstitutes of Biological Sciences Cell Resource Center. -MCF
LncRNAs serve as a “molecular sponge” or “molecular sca old10A cells were cultured in Dulbecco's modi ed Eagle’s medium
for RBP to regulate the expression of downstream gefies (DMEM)/F12 supplemented with 5% horse serum, 20 ng/ml
9). PTBP3 protein can recruit abundant Inc-nuclear enrichedepidermal growth factor (EGF), 0.5 mg/ml hydrocortisone,
abundant transcript 1 (NEAT1) splicing variants to promote 100 ng/ml cholera toxin, and Ig/ml insulin. MCF-7 and HEK-
hepatocellular carcinomar). Maternally expressed 3 (MEG3) 293T cells were cultured in DMEM/high glucose supplemented
serves as a guide RNA sca old by recruit polypyrimidine tractwith 10% fetal bovine serum (FBS). MDA-MB-231 cells were
binding protein 1 (PTBP1) to destabilize Shp mRNA to causeultured in L15 medium supplemented with 10% FBS. All cells
cholestasis9). Based on the prediction with the bioinformatics were maintained in a humidi ed incubator at 3T with 5% CQ.
software in this study, there was a binding site between SCAMP L o
TV2 and PUM2, which indicates that SCAMP1-TV2 may play itsReverse Transcription and Quantitative
biological role by binding with PUM2. After the predictionmgg Real-Time PCR
the bioinformatics software, we found out that the insulina-  Total RNA was extracted from the breast cancer and adjacent
associated 1 (INSM1) expression was downregulated motgsues, as well as MCF-7 and MDA-MB-231 cells. Using
signi cantly by PUM2 overexpression. Trizol reagent (Life Technologies Corporation, Carlsbad,, CA

Human INSM1 gene is located at chromosome 20p11.2, andSA). The RNA concentration and its quality were detected
it encodes 510 amino acid<@. INSM1 is mainly expressed at the 260/280 nm ratio using a Nanodrop spectrophotometer
in neuroendocrine tissues at some development stages, a(idD-100). The complementary DNA (cDNA) was generated
especially expressed at a high level in central nervous $issugsing a High Capacity cDNA Reverse Transcription Kit
pancreatic islets, and neuroendocrine tumoid)( In addition,  (Applied Biosystems, CA, USA). Quantitative real-time PCR
INSM1 is expressed during the development of endocrine organggRT-PCR) was performed using Two-Step SYBR PrimeScript
e.g., thyroids, adrenal glands, and thymus glands. INSM1 ®T-PCR Kit (Takara Bio, Inc, Japan) for the assays of
highly expressed in medullary thyroid carcinoma, smallkgly SCAMP1-TV2, PUM2, INSM1, and glyceraldehyde 3-phosphate
cancer, and cervical carcinoma, and can regulate the bitabgi dehydrogenase (GAPDH). For the primers used, refer to
behaviors of tumor cellsl-14). At present, the expression and Supplementary Table 1All gRT-PCR analyses were done using
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the 7500 Fast Real-Time PCR System (Applied Biosystem#)at had migrated or invaded to the lower side of the membrane
Expressions were normalized to endogenous controls, and tiveere xed with methanol and stained with 10% Giemsa. Then,
relative quanti cation (211 ¢Y) method was used for fold ve random elds were chosen to count the cells under a

change calculation. microscope, and the photographs were taken.
Lentiviral Vector Construction and Reporter Vector Construction and Dual
Infection Luciferase Reporter Assays

Short hairpin RNAs dlrecteq agalnst_ _SCAMPI'TVZ' INSM1he NSML binding sites in the SASH1 promoter were predicted
and SAM and SH3 domain containing 1 (SASHI1) werey o jASPAR software. For the reporter constructs, the
respectively, ligated into the pLV-u6-gfp-Puro lentiviralcter  gagHq promoter regions (2,000 ©200 bp) were ampli ed
(Hanbio Biotechnology, Shanghai, China). Short hairpin RNACOm human genomic DNA by PCR. Furthermore, putative

directed against PUM2 was ligated into the pLV-ub-red-bsqngyy pinding sites in the PCR conducts were deleted one
lentiviral vector (Hanbio Biotechnology, Shanghai, China 4¢er another. The PCR products were subcloned into the

Target sequences are .Iisted EiupplementaryTabIe? The _ pGL3 vector (Promega, Madison, WI, USA) upstream of a
INSM1 and SASH1 coding sequence (CDS) were ligated inf@ jterase gene. The human full-length INSM1 gene was cloned
the pLV-gmv-r(_ed-bsd lentiviral vector (Hanbio Biotechnglp ;. PEX3 (PGCMV/MCS/Neo) plasmid vector (GenePharma,
Shanghgl, China). The PUM2 codlng_ s_equence (CDS) _W%anghai, China). HEK293T cells were cotransfected with the
"Qa‘e‘j into the pLV-cmy-gfp-Puro Iermywal vector (Hanbio pGL3 vector with either full-length or deleted promoter regso
Biotechnology, Shanghai, China). Lentivirus was harde4&h and pEX3-INSM1 or pEX3 empty vector using Lipofectamine

after the lentiviral vectors or the empty lentiviral vectors3nn0 For the analysis on the luciferase activity, refer ® th
(negative control, NC) cotransfected with the packagingasc previous description

into human breast cancer cell lines MCF-7 and MDA-MB-
231. Cells were then infected with the lentivirus to obtain

the sh-SCAMP1-TV2, sh-PUM2, sh-INSM1, and sh-sasnyVestern Blot Assay N
cells, or PUM2, INSM1, and SASH1 overexpressing cellysing radioimmunoprecipitation a_lssa_y(RIPA) bu_erco_ntalnlng
The overexpression and knockdown e ciency are shown in50 mM HEPES, 1 mM ethylenediaminetetraacetic acid (EDTA)

Supplementary Figure 1 (pH 8.0) on ice, the total protein was extracted from frozen
cells. The samples were centrifuged for 40 min at 17,000 rpm and
Cell Proliferation Assay 4 C, and the protein concentration of the supernatant extracts

Cell Counting Kit-8 assays (CCK-8, Dojin, Japan) weréVas obtained by bicinchoninic acid (BCA) protein assay kit
performed to determine the proliferation of MCF-7 and MDA- (Beyotime, Shanghai, China). They were subjected to sodium
MB-231 breast cancer cells. After the transfection, cellse wedodecyl sulfate-polyacrylamide gel electrophoresis (SDSEFA
seeded in 96-well plates in a density of 2,000 cells per weind electrophoretically transferred to polyvinylidene ude
After 72h, 10m of CCK-8 solution was added into each well (PVDF) membranes. Then, such membranes were incubated
and incubated for 2 h at 3T. The absorbance was measured at? Tris-bu ered saline containing 5% nonfat milk for 2h at

450 nm with the SpectraMax M5 microplate reader. room temperature and then incubated for 18 h with primary
antibodies as follows: PUM2 (1:2,000, Abcam, Cambridge, MA,

Quantization of Apoptosis by Flow USA), INSM1 (1:500, Santa Cruz Biotechnology, Santa Cruz,

Cytometry CA, USA), SASH1 (1:1,000, Abcam, Cambridge, MA, USA),

Using the Annexin 7AAD/PE staining (Southern Biotech,and GAPDH (1:1,000, Santa Cruz Biotechnology, Santa Cruz,

Birmingham the AL, USA), cell apoptosis was quanti ed. TheCA' USA). Horseradish peroxidase (HRP)-linked antimouse

cells, after being rinsed for twice with PBS and centrifizgal, inmmuqoglobulin G (I9G) and HRP-Ii.nkec.j antirabpit 19G
were resuspended in Annexin-V-7AAD/PE binding bu er and antibodies were used as secondary antibodies. The sigeats w

stained with Annexin 7AAD/PE based on the manufacturergduanti ed using FluorChem 2.0 software (Alpha Innotech, San

instructions. The cells were then analyzed by ow cytometr)J'eandro' CA, USA).

(FACScan, BD Biosciences) to get the apoptotic fractions. ) )
Immunohistochemistry

Cell Migration and Invasion Assay All paran-embedded specimens were sliced into serial 4-
Chambers (24-well) with 8am pore size (Costar, Corning, NY, mm sections and labeled with primary antibodies anti-PUM2
USA) were accepted to test the migration and invasion of MCF{1:50, Abcam, Cambridge, MA, USA), anti-INSM1 (1:50,
7 and MDA-MB-231. Such tests were done in a way that th&anta Cruz Biotechnology, Santa Cruz, CA, USA), followed
cells were resuspended in 1@0serum-free medium at a density by incubation with the biotinylated secondary antibody
of 1P/ml and seeded in the upper chamber [or chambers weréncluded in the immunohistochemical labeling kit (KIT-708
precoated with 500 ng/ml Matrigel solution (BD, Franklin lesk  MaxVision, Fu Zhou, China). Nuclei were counterstainedhwit
NJ)]. Six hundred microliters medium of 10% FBS was placedematoxylin. To evaluate the expression levels of PUM2 and
in the lower chamber for 48 h; the cells on the upper membranédNSM1, immunostained human breast tissues were judged by
surface were then physically wiped out with a cotton swab. Celtsvo pathologists.
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RNA Immunoprecipitation Assay (PUM2 stable-overexpression MCF-7 or MDA-MB-231 cells), sh-
RNA immunoprecipitation (RIP) was performed using a MagnaSCAMP1-TV2 combined with PUM2 group (sh-SCAMP1-TV2
RNA-binding protein immunoprecipitation kit (Millipore, stable-expression MCF-7 or MDA-MB-231 cells infected with
Billerica, MA, USA) based on the instructions from the PUM2 stable-overexpression viruses). A total of 31(P cells
manufacturer. Whole-cell lysate was incubated with RIRvere injected into the fourth mammary fat pad of the mice.
bu er containing magnetic beads conjugated with humanTumor volume was measured every 5 days, and the volume was
anti-PUM2 antibody or with negative control normal rabbit calculated by the formula: volume (nminD length ~ width?/2.

IgG. Samples were incubated with Proteinase K, and then, the

immunoprecipitated RNA was isolated. The RNA concentrationStatistical Analysis

was measured by a spectrophotometer (NanoDrop, ThermData were presented as mearSD. All statistical analyses were
Scienti ¢, Waltham, MA, USA), and the RNA quality was evaluated by SPSS 18.0 statistical software with the Switlent
assessed using a bioanalyzer (Agilent, Santa Clara, CA, US#st or one-way analysis of variance (ANOVA). Di erences were
Furthermore, puri ed RNAs were extracted and then analyzedtonsidered to be signi cant whelR< 0.05.

by RT-PCR to demonstrate the presence of the binding targets.

RNA Pull-Down Assay RESULTS

The interaction between SCAMP1-TV2 and PUM2 (or PUM1)Knockdown of SCAMP1-TV2 Inhibited the

was examined using Pierce Magnetic RNA-Protein PuII-DowrMa”gnant Biological Behaviors of Breast

Kit (Thermo Fisher) according to the manufacturer's prottxo ancer Cells

Biotin-labeled SCAMP1-TV2 or antisense RNA was coincubatefl; | 1o 1, evaluate the e ects of SCAMP1-TV2 in breast cancer

with protein extract of MCF-7 or MDA-MB-231 cells and expression level of SCAMP1-TV2 was rst assessed in

magnetic beads. Low speed centrifugation was used to gener%t . .

the bead—RNA_protein complex. With the bead compound reast cancer tissues and cells. As compared with paracancerous
. . P . piex. i S P tissues, the expression of SCAMP1-TV2 was signicantly

washing with Handee spin columns, it was boiled in SDS bu er,

. . . increased in luminal A and triple negative breast canceudss
and the retrieved protein was detected using the GAPDH cdntro(Figures 1A.B. Compared with MCF-10A cells, the expression

of SCAMP1-TV2 was signicantly increased in MCF-7 and
. . L . MDA-MB-231 cells Figure 1C and Supplementary Figure 2.
Simple chromatin _immunoprecipitation (ChiP) Enzymatic To further investigate the function of SCAMP1-TV2, stable-

Chromatin IP Kit (Cell Signaling Technology, Danvers, MA, .
USA) was used for ChIP assays according to the manufacturetr"rsansfecuad sh-SCAMP1-TV2 ~cells were established, and

. . : we conrmed the knockdown e ciency of SCAMP1-TV2
protocol. Briey, cells were crosslinked with 1% formaldeayd (Supplementary Figure 3 As compared with sh-NC cells, the
and collected in lysis bu er. Chromatin was then digestedhwit bp yrid b '

. viability, migration, and invasion of sh-SCAMP1-TV2 cellsreve

micrococcal nuclease. Immunoprecipitation was incubateith wi signi cantly decreasedRigures 1D,5, whereas the apoptosis
3 mg of anti-INSM1 antibody or normal rabbit IgG followed by 9 y de ‘9 e pop
was markedly increase#igure 1B).

immunoprecipitation with protein G agarose beads during an

overnight incubation at 4C with gentle shaking. As an input . -
reference, 2% of the volume was removed before incubatio%)vereXpressmn of PUM2 Inhibited the

with the antibody and stored at 20 C. The ChIP DNA was Malignant Biological Behaviors of Breast
reverse crosslinked with 5 mol/L NaCl and Proteinase K amsith Cancer Cells
puri ed. Immunoprecipitated DNA was ampli ed by PCR using The bioinformatics software RBPMAP and Starbase 2.0 predicted

Chromatin Immunoprecipitation Assay

primers, which are listed iSupplementary Table 3 that PUM2 can bind to SCAMP1-TV2, indicating that SCAMP1-
_ _ TV2 may require PUM2 for its function. Therefore, we rst
Tumor Xenografts in Nude Mice detected the expression of PUM2 in breast cancer tissues and

The animal experiment was done in strict conformance withcells. PUM2 was mainly distributed in the cytoplasm, and luahin
the Plan requested to be followed by the Animal ProtectiomA and triple negative breasts cancer tissues had decreadd@ PU
Committee of China Medical University. The stable-expressiomxpression compared to paracancerous tisst@gute 2A). As
MCF-7 and MDA-MB-231 cells were used farvivostudy. Four-  shown in Figures 2B,G the mRNA expression of PUM2 was
week-old BALB/C athymic nude mice were obtained from thealso signi cantly decreased in breast cancer tissues ofniaim
National Laboratory Animal Center (Beijing, People's Republi A type and triple negative type compared to paracancerous
of China). The animals received autoclaved food and watdissues. As compared with MCF-10A cells, the mRNA and
ad libitum during the study. The nude mice were divided protein expression levels of PUM2 were markedly lower in
into ve groups: control group (only MCF-7 or MDA-MB- MCF-7 cells and MDA-MB-231 cellsF{gures 2D,B. Stable-
231), sh-SCAMP1-TV2-NC combined with PUM2-NC group transfected PUM2 and sh-PUM2 cells were established, and then,
(sh-SCAMP1-TV2-NC stable expression MCF-7 or MDA-the changes in the biological behaviors of cells were detested
MB-231 cells infected with PUM2-NC stable-overexpressiomompared with PUM2-NC group, the viability, migration, and
viruses), sh-SCAMP1-TV2 group (SCAMP1-TV2 knockdowninvasion of MCF-7 and MDA-MB-231 cells in PUM2 groups were
stable-expression MCF-7 or MDA-MB-231 cells), PUM2 groupsigni cantly decreased, whereas the apoptosis was increAsed
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FIGURE 1 | Secretory carrier-associated membrane protein 1-transdpt variant 2 (SCAMP1-TV2) knockdown inhibited the maligm behaviors of breast cancer cells.
(A) Expression levels of SCAMP1-TV2 in breast cancer (lumina) Aissues and adjacent tissues(B) Expression levels of SCAMP1-TV2 in breast cancer (triple gative)
tissues and adjacent tissues. Data are presented as the mean SD ( D 20, each group), *P < 0.01 vs. adjacent tissues.(C) Expression levels of SCAMP1-TV2 in
MCF-10A, MCF-7, and MDA-MB-231. Data are presented as the man  SD (1 D 3, each group). *P < 0.01 vs. MCF-10A group. (D) Cell Counting Kit-8 (CCK-8)
assay was applied to evaluate the effect of SCAMP1-TV2 knoclown on the proliferation of breast cancer cells(E) Flow cytometry analysis of breast cancer cells with
the SCAMP1-TV2 knockdown.(F) Quanti cation of migration and invasion cells with the SCAMP-TV2 knockdown. Representative images and accompanying
statistical plots were presented (scale bab 100 mm). Data are presented as the mean SD ( D 3, each group), *P < 0.01 vs. sh-NC group.

compared with sh-NC group, the contrary results were observedecreased Higures 3A,B. The RNA pull-down assay was

in sh-PUM2 groups Figures 2F-H. then conducted to further determine the binding between
. SCAMP1-TV2 and PUM2. There are three binding sites of

PUM2 Bound to SCAMP1-TV2 in a PUM2 to SCAMP1-TV2. In MCF-7 and MDA-MB-231 cells,

Targeted Manner PUM2 was found only in the pull-down samples of sense-

In order to validate the interaction between SCAMP1-TV2 andstrand RNA probe for wild-type SCAMP1-TV2, but not in
PUM2, RIP assay and RNA pull-down assay were performethe antisense-strand RNA probe or mutant-type SCAMP1-TV2
As compared with the IgG immunoprecipitate, SCAMP1-(mutant 3 binding sites) Kigures 3C,D. Additionally, because
TV2 was enriched in the PUM2 immunoprecipitate of MCF- of PUM1 and PUM2 binding to the similar motif, thus, we also
7 and MDA-MB-231 cells. After SCAMP1-TV2 knockdown, detected whether PUML1 binds to SCAMP1-TV2. We found that
such enrichment in PUM2 immunoprecipitate was signi cantly there was no binding site between SCAMP1-TV2 and PUM1
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PUM2 protein in luminal A and triple-negative breast canceissues. (B) Expression levels of PUM2 messenger RNA (mRNA) in breast azer (luminal A) tissues and
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FIGURE 2 | adjacent tissues.(C) Expression levels of PUM2 mRNA in breast cancer (triple netige) tissues and adjacent tissues. Data are presented as ¢hmean
SD (h D 20, each group), *P < 0.01 vs. adjacent tissues.(D) Expression levels of PUM2 in MCF-7 and MDA-MB-231 breast carer cells. Data are presented as the
mean SD (1D 3, each group), *P < 0.01 vs. MCF-10A group. (E) PUM2 protein expression in MCF-7and MDA-MB-231 breast caner cells. Data are presented as
the mean SD (D 3, each group), P < 0.05 and **P < 0.01 vs. MCF-10A. (F) Cell Counting Kit-8 (CCK-8) assay was applied to evaluate ¢heffect of PUM2 on the
proliferation of breast cancer cells(G) Flow cytometry analysis of breast cancer cells with PUM2 ovexpression and knockdown.(H) Quanti cation of migration and
invasion cells with PUM2 overexpression and knockdown. Repsentative images and accompanying statistical plots werpresented (scale barD 100 mm). Data are
presented as the mean SD (1 D 3, each group), *P < 0.01 vs. PUM2-NC group,” P < 0.01 vs. sh-NC group.

(Supplementary Figure 4. These ndings suggested that PUM2 SCAMP1-TV2, this enrichment was signi cantly increased
bound SCAMP1-TV2 in a targeted way, and this binding wagFigures 5C,D. Furthermore, MCF-7 and MDA-MB-231 cells

decreased by silencing SCAMP1-TV2, were double transfected with SCAMP1-TV2 and PUM2 to
determine the regulation e ects of SCAMP1-TV2 and PUM2

Knockdown of INSM1 Inhibited the on INSM1 expression, and results showed that the mRNA and

Malignant Biological Behaviors of Breast protein expression of INSM1 was decreased by SCAMP1-TV2

C silencing alone and SCAMP1-TV2 silencing in combination
an.cer Cel.ls with PUM2 overexpression, and the expression of INSM1 was
Previous stuqlles_, have_ suggested that PUM2 can degrade targeter after SCAMP1-TV2 silencing combined with PUM2
MRNA by_ b!”?"”g with the ﬁunt_ranslated_ region (UTR) overexpression group than in SCAMP1-TV2 silencing alone. In
and thu.s |nh|b|t_ the gene expression. In this study, we usegddition, the decreased expression induced by SCAMP1-TV2
the bioinformatics software RBPMAP and Starbase 2.0 tgilencing was rescued by PUM?2 silenciffiglires 5E, 5. These

predict potential PUM2 binding sites in '3_JTR_ of several results revealed that PUM2 inhibited the expression of INSM1
MRNAs. Assessment of the mRNA expression in breast cancg binding to its #UTR, and this inhibitory e ect was increased
cells after PUM2 overexpression showed that the expressi ¥ the knockdown of CAMP1-TV2

of INSM1 was downregulated more signi cantly by PUM2
overexpressior§upplementary Figure . Therefore, we further |NSM1 Reverses the Effect of PUM2 on the

ey pre oncer e shon iological Behavior of Breast Cancer Cell
g P 9 y o conrm whether PUM2 regulates the behavior of breast

|n_|um|naIAand trlple_ negative breast cancer tissues corrqbarecémCer cells through its regulation of INSM1, MCF-7 and
with paracancerous tissues. The levels of INSM1 mRNA wer, .

S . . . - . DA-MB-231 cells were cotransfected with PUM2 and
signi cantly increased in luminal A and triple negative bsta

cells, the mRNA and protein expression levels of INSMf Y, mig ’

were signi cantly increased in MCF-7 and MDA-MB-231 cells Ve'® d(_acreased n the PUI@NSMl-NC group, but the
(Figures 4D,B. The stable transfected cells of INSM1 and Sh__apoptoss rate was increased; thg cc_>n_trary results were found
INSM1 were established, and the changes in the biologic!’ﬂ PUM2-NCCINSM1 group. The inhibitory e ects of PUM2

. . “yQverexpression on the malignant biological behaviors of
behaviors o_f C.e.”S were _detecteq. Co_mpared with INSM1 N%reast cancer cells was reversed by INSM1 overexpression
group,thewaplhty, migration, and |nva5|on_of|_\/ICF-7a_1nd MBA (Figures 6A—Q. These ndings demonstrated that INSM1
MB-231 cells in the INSM1 group were signi cantly increased articipated in the regulation of PUM2 on the biological
whereas the apoptosis rate was signi cantly decreased. The

opposite results were observed in sh-INSM1(-) group compare ghaviors of breast cancer cells.
with the sh-NC group Eigures 4F—H). INSM1 Transcriptionally Inhibited SASH1

. Expression
PUM2 Overexp_re_ssmn and SCAMP1-TV2 We detected the gene expression after INSM1 overexpression
KnOdeC_)W” Inhibited the INSM1 using gene array (data not shown) and found that SASH1
Expression expression is signi cantly decreased after INSM1 overexjmess

In order to verify the role of PUM2 in regulating INSM1 Additionally, a potential INSM1 binding site was found in the
expression, the changes in the mRNA and proteinppromoter region of SASH1 using the bioinformatics software
expression levels of INSM1 were detected after knockdowdASPAR, which indicated that INSM1 might regulate the
or overexpression of PUM2. The mRNA and proteinexpression level of SASH1 by binding its promoter region. In
expression of INSM1 in MCF-7 and MDA-MB-231 cells order to validate the regulation of SASH1 by INSM1, changes
were signi cantly decreased by the overexpression of PUMR, bin the mRNA and protein levels of SASH1 were detected
markedly increased by the silencing of PUMRidures 5A,B.  after INSM1 overexpression or knockdown. The mRNA and
Subsequently, RIP was performed to assess the binding of NSifotein expressions of SASH1 were signi cantly inhibited by
mMRNA to PUM2. As compared with the IgG immunoprecipitate, the overexpression of INSM1 but promoted by the silencing
INSM1 mRNA was enriched in the PUM2 immunoprecipitate of INSM1 (Figures 7A,B. To verify this hypothesis, dual-
of MCF-7 and MDA-MB-231 cells. After the knockdown of luciferase and CHIP assays were performed. As compared
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FIGURE 3 | There was targeted binding between secretory carrier-asstiated membrane protein 1-transcript variant 2 (SCAMP1-T2) and Pumilio RNA binding family
member 2 (PUM2).(A) The binding site of PUM2 on SCAMP1-TV2(B) Cellular lysates from MCF-7 and MDA-MB-231 cells were usedf RNA immunoprecipitation
with antibody against PUM2; SCAMP1-TV2 expression levelseve detected using quantitative real-time PCR (QRT-PCR).dBa were presented as mean SD (1D 3,
each group), *P < 0.01 vs. sh-NCCanti-IgG group,” P < 0.01 vs. sh-NCCanti-PUM2 group. (C,D) Detection of PUM2 using Western blot analysis in the sample
pulled down by biotinylated SCAMP1-TV2 probe from MCF-7 andVDA-MB-231cells. The mutant-type SCAMP1-TV2 (SCAMP1-T\/®ut) was three binding site
mutant. Data were presented as mean SD ( D 3, each group).

with the pEX2 empty vector group, the luciferase activitybreast cancer cells, the e ects of SASH1 overexpression
was signi cantly decreased in the group transfected witrand knockdown on PI3K/AKT signaling were assessed.
luciferase carrier (with a potential binding site) in the proter As compared with the SASH1-NC group, the levels of p-
regions of SASH1 and pEX2-INSM1, but restored to thePI3K/PI3K and p-AKT/AKT were both signi cantly decreased
level in the group after the cotransfection with luciferasein the SASH1 group and increased in the sh-SASH1 group
vector (without a potential binding site) in the promoter (Figure 7H). In addition, the levels of p-PI3K/PI3K and
regions of SASH1 and pEX2-INSMTFigure 7C). In order p-AKT/AKT were both signicantly decreased in sh-
to further validate the direct binding site between INSM1SCAPM1-TV2 group of MCF-7 and MDA-MB-231 cells
and the SASH1 promoter, ChIP assay was conducted. TH&upplementary Figure § Based on these results, the malignant
PCR primers were designed in the upstream and downstreaiviological behaviors of breast cancer cells might be inhibite
of the predicted binding site, and a negative control primerby SASH1 overexpression through the inhibition of PI3K/AKT
was designed 1,000 bp upstream of the predicted INSM4ignaling pathway.

binding site. The results showed that INSM1 bound to the

predicted binding site in the SASH1 promoter, but did not

bind with the control region Figure 7D). These ndings In vivo Tumor Gr h Was Inhibi h
suggested that SASH1 expression was inhibited by INSM1 att@ 0 Tumor Growt as bited byt N

transcriptional level, ilencing of SCAMP1-TV2 in Combination

With the Overexpression of PUM2
SASH1 Overexpression Inhibited the In order to further determine the role of SCAMP1-TV2
Malignant Biological Behaviors of Breast and PUM2 in breast cancein vivo, the xenograft tumor

s . experiment was performed on the nude mice. The weight and
Cancer Cells by Inhibiting the Activity of size of xenograft tumors, compared with sh-REUM2-NC

PISK/AKT Signaling Pathway group, were both signicantly reduced in the sh-SCAMP1-
We created stable-transfected cell lines of SASH1 overssipre TV2CPUM2-NC, sh-NGCPUM2, and sh-SCAMP1-
and knockdown cells, and the changes in the biologicalV2CPUM2 groups, and the sh-SCAMP1-T€PUM2
behaviors of MCF-7 and MDA-MB-231 cells were evaluatedgroup had the smallest tumorsFigures 8A,B. In addition,
As compared with SASH1-NC group, the viability, migration,the survival was prolonged in sh-SCAMP1-TWRUM2-
and invasion of cells in SASH1 group were signicantlyNC, sh-NGCPUM2, and sh-SCAMP1-TM2PUM2 groups,
decreased, but the apoptosis rate was markedly increased. Tdred the survival of the sh-SCAMP1-TCPUM2 group
contrary results were found in sh-SASH1 grodjigures 7E-G.  was the most prolongedF{gure 8C). Therefore, the growth
Previous studies have identi ed a role of SASH1 in inhilgtin of xenograft tumors in nude mice was most signicantly
phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT) inhibited, and the survival was most prolonged by the silegci
signaling in thyroid and liver cancerl1fp, 16). To assess of SCAMP1-TV2 in combination with the overexpression
whether this regulatory mechanism was also present in thef PUM2.

Frontiers in Oncology | www.frontiersin.org 8 May 2020 | Volume 10 | Article 613


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Tao et al. SCAMP1-TV2 in Human Breast Cancer

A Adjacent Adjacent Cancer(Tri-negative)
Roan s, > 2 3 Adjacent
< Cancer
= ok
T 3 ok
=
£
g 2
2
9
=AY
04
Luminal A Tri-negative
B D
o 15 ok . 2 xx .
o =} ga sk
= oo =
=] [=]
o O~ (] 2 Z 4
g & o 2 E 4 < 2%
= = o g g
(5] o -
o = 5 o 2 o 2
> >N o 2
= £Z 5 ER7)
g se_3ye0 = s &
2| s A 37,
Adjatl;ent Cancelr(Luminal A) Adjacent Cancer(Tri-negative) MCF-10A MCF-7 MDA-MB-231
E
F
N 200
f{:” E 10 k% o o 3 Control
F A S 2 e @ INSM1-NC
P ‘ 2 g O < 150
& & Nod Z = " = Bl INSM1
@ & ® 2 §oe g B8 sh-NC
INSM1 [ R ,’cg 100 B sh-INSM1
£ ; = ## Hh
g2 . 50
GarpHED Wl - ¢ S
0.0
MCF-10A MCF-7 MDA-MB-231 0
MCF-7 MDA-MB-231
G
Control INSMI-NC INSM1 sh-NC sh-INSM1
< Gale @ty o Sue @i  Oale @1 na Ty
~ T "By T CER R 3 W 4
6 B ks = Control
= X h ~ 30 ## ##  EINSMI-NC
3 . S Bl INSM1
b ~
T oo T S o B T o B ~ B sh-NC
— g ST T T g 20 B sh-INSM1
A R Q0L TR oy =
i 1.0 27% 0.2% =
) N 2 10 sk %
g . Z K Kok
g : v
= o1 MCF-7 MDA-MB-231
H
300
é sk ks =3 Control
2, g [ INSMI-NC
S 2 200 B INSMI
g ) @8 sh-NC
g [ sh-INSM1
8| € 100
= g ## ##
=
g o
= MCF-7 MDA-MB-231
150,
: - = Control
g s ERINSMI-NC
= 1004 Wl INSM1
8 Elsh-NC
3= - Bl sh-INSM 1
>en
=13 % ##
2s] ##
=
g o
= MCF-7 MDA-MB-231
FIGURE 4 | Insulinoma-associated 1 (INSM1) knockdown inhibited the miginant behaviors of breast cancer cells(A) Immunohistochemistry of INSM1 protein in
luminal A and triple-negative breast cancer tissuegB) Expression of INSM1 messenger RNA (mRNA) in breast canceritiinal A) tissues.(C) Expression of INSM1
mRNA in breast cancer (triple negative) tissues. Data aregsented as the mean SD (1 D 20, each group), *P < 0.01 vs. adjacent tissues.(D) Expression of INSM1
(Continued
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FIGURE 4 | mRNA in MCF-7 and MDA-MB-231 breast cancer cells. Data are msented as the mean SD ( D 3, each group), *P < 0.01 vs. MCF-10A group.

(E) INSM1 protein expression in MCF-7 and MDA-MB-231 breast caner cells. Data are presented as the mean SD ( D 3, each group), P < 0.05 and **P < 0.01
vs. MCF-10A. (F) Cell Counting Kit-8 (CCK-8) assay was applied to evaluate éheffect of INSM1 on the proliferation of breast cancer cell{G) Flow cytometry analysis
of breast cancer cells with INSM1 overexpression and knockden (n D 3, each group).(H) Quanti cation of migration and invasion cells with INSM1 ovexpression
and knockdown. Representative images and accompanying stistical plots were presented (scale baD 100 mm). Data are presented as the mean SD (WD 3, each
group), *P < 0.01 vs. INSM1-NC group,® P < 0.01 vs. sh-NC group.
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FIGURE 5 | Pumilio RNA binding family member 2 (PUM2) overexpressionhibited insulinoma-associated 1 (INSM1) expression and kickdown of secretory
carrier-associated membrane protein 1-transcript varian2 (SCAMP1-TV2) increased the inhibitory effect of PUM2 on BM1 expression by binding INSM1 messenger
RNA (MRNA)(A) The mRNA expression levels of INSM1 regulated by PUM2 overesgssion and knockdown. (B) The protein expression levels of INSM1 regulated b
PUM2 overexpression and knockdown. The integrated densityalues (IDVs) of INSM1 are shown using glyceraldehyde 3-phospate dehydrogenase (GAPDH) as an
endogenous control. Data are presented as the mean SD (1 D 3, each group), P < 0.05 and **P < 0.01 vs. PUM2-NC group,* P < 0.05 vs. sh-NC group.
Cellular lysates from(C) MCF-7 and (D) MDA-MB-231 cells were used for RNA immunoprecipitation wit antibody against PUM2; INSM1 expression levels were
detected using quantitative real-time PCR (qQRT-PCR). Dataere presented as mean SD (1 D 3, each group), *P < 0.01 vs. sh-NCCanti-IgG group,” P < 0.01
vs. sh-NCCanti-PUM2 group. The(E) mRNA and (F) protein expression levels of INSM1 regulated by SCAMP1-TV2nd PUM2. The IDVs of INSM1 are shown using
GAPDH as an endogenous control. Data are presented as the mea SD (1 D 3, each group), *P < 0.01 vs. sh-NC1CPUM2-NC group,* P < 0.01 vs.
sh-NC1Csh-NC2 group, & P < 0.05 vs. sh-SCAMP1-TVZPUM2-NC group, NP < 0.05 and "N P < 0.01 vs. sh-SCAMP1-TVZsh-NC2 group.
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FIGURE 6 | Overexpression of Pumilio RNA binding family member 2 (PUNIihhibited the malignant behaviors of breast cancer cellsybregulating
insulinoma-associated 1 (INSM1) expressior{A) Cell Counting Kit-8 (CCK-8) assay was applied to evaluate éheffect of PUM2 and INSM1 on the proliferation of
breast cancer cells.(B) Flow cytometry analysis of breast cancer cells with the expssion of PUM2 and INSM1 changed(C) Quanti cation of migration and invasion
cells with the expression of PUM2 and INSM1 changed. Represeative images and accompanying statistical plots were premnted (scale barD 100 mm). Data are
presented as the mean SD (1 D 3, each group), *P < 0.01 vs. PUM2-NCCINSM-NC group,” P < 0.01 vs. PUM2CINSM1-NC group.

DISCUSSION experimental basis to investigating the e ects of SCAMP1-TV2
in breast cancer.
In this study, SCAMP1-TV2 was highly expressed in the samples |n recent years, there has been increased attention to
and breast cancer cells; and its silencing inhibited theilifg,  the abnormal expression and important regulatory e ects of
migration, and invasion of breast cancer cells, as well asipteé  |ncRNAs in breast cancer. In the Li et al. study7( ve
the apoptosis. SCAMP1-TV2 bound with PUM2 in a targetedncRNAs (e.g., HOTAIR) were used as markers for predicting
manner. After silencing SCAMP1-TV2, the binding betweenthe recurrence of breast cancer. Peng et found that H19
SCAMP1-TV2 and PUM2 was decreased, the binding betweapas highly expressed in breast cancer stem cells, and it redulat
PUM2 and INSM1 mRNA was increased, and INSM1 mRNAthe stem cell features by the targeted control of let-7. Muego
was degraded. Thus, the expression level of INSM1 declineghrious IncRNAs can regulate DNA injury repair and epithelial—
Knockdown of INSM1 weakened the inhibition of INSM1 mesenchymal transition (EMT) in the mammary cells and thus
on SASH1 transcription, and thus, the expression of SASHgontrolled the progression of breast cances,20). The IncRNA
was increased. Meanwhile, the activity of PISK/AKT signalin SCAMP1-TV2 is a transcript variant of SCAMP1 gene, which
pathway was inhibited, and the malignant biological beha/@r was named as SCAMP1-TV2 in this study. The expression of
breast cancer cells were suppressed. Our study results o ewa Nn&6CAMP1-TV2 was signi cantly upregulated in breast cancer
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FIGURE 7 | Insulinoma-associated 1 (INSM1) transcriptionally inhibid SAM and SH3 domain containing 1 (SASH1) expression, and K1 inhibited the malignant
behaviors of breast cancer cells through inhibiting phospditidylinositol 3-kinase (P13K)/protein kinase B (AKT) patlay. (A) The messenger RNA (MRNA) expression o
(Continued)
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FIGURE 7 | SASH1 regulated by INSM1(B) Effects of overexpression or knockdown of INSM1 on SASH1 expssion. The integrated density values (IDVs) of SASHL
are shown using glyceraldehyde 3-phosphate dehydrogenaséGAPDH) as an endogenous control. Data are presented as theean SD ( D 3, each group), P <
0.05 and **P < 0.01 vs. INSM1-NC group,” P < 0.05 and *# P < 0.05 vs. sh-NC group. (C) INSM1 on the promoter activity of SASH1 in HEK 293T cells. The
deletion construct on the promoter of INSM1 is shown in the Y-hr. The X-bar shows the promoter activity that has been normed with the reference vector
(pPRL-TK) and relative to the activity of pEX3 empty vector.dda are presented as the mean SD (D 3, each group).(D) INSM1 bound to the promoter of SASH1 in
MCF-7 and MA-MB-231 breast cancer cells. Transcription ste site (TSS) was designated asC1. Putative INSM1 binding sites are indicated. Immunoprecifited
DNA was ampli ed by PCR. Normal rat immunoglobulin G (IgG) wassed as a negative control.(E) Cell Counting Kit-8 (CCK-8) assay was applied to evaluate ¢h
effect of SASH1 on the proliferation of breast cancer cell§F) Flow cytometry analysis of breast cancer cells with the expssion of SASH1 changed.

(G) Quanti cation of migration and invasion cells with the exprgsion of SASH1 changed. Representative images and accompaying statistical plots were presented
(scale barD 100mm). Data are presented as the mean SD (1 D 3, each group), *P < 0.01 vs. SASH1-NC group,” P < 0.01 vs. sh-NC group. (H) Effects of
overexpression or knockdown of SASH1 on the activity of PISBK/KT pathway. The IDVs of PI3K, P-PI3K, AKT, P-AKT are shown using”A®DH as an endogenous
control. Data are presented as the mean SD (1 D 3, each group), *P < 0.01 vs. SASH1-NC group,” P < 0.01 vs. sh-NC group.

FIGURE 8 | In vivotumor xenografts study. The stable expressing cells were i for the in vivostudy. (A) The nude mice carrying tumors from respective groups
were shown. The sample tumor from respective group was shown(B) The tumor was excised and weighed after 40 days(C) Tumor volume was calculated every 5
days after injection, P < 0.05 or **P < 0.01 vs. sh-NCCPUM2-NC group,* P < 0.05 vs. sh-SCAMP1-TVZPUM2-NC group, P < 0.05 vs. sh-NCCPUM2 group.

tissues and cells, and silencing SCAMP1-TV2 inhibited theegulators and enhancers. The interaction between IncRNAs
proliferation, migration, and invasion of breast cancer,amdas and RBPs is an important factor in the occurrence as well as
it promoted the apoptosis. These suggested that SCAMP1-T\RBe development of malignant tumors. RBPs can bind IncRNAs
might act as a carcinogenic factor in luminal Aand triple niaga  and regulate their stability and thus control the biolodica
breast cancer. So far, there are no reports about the e ects behaviors of tumor cells. LncRNA NORAD can upregulate the
SCAMP1-TV2 in other tumors. transcripts of Pumilio proteins and plays a role in genomic
LncRNAs mainly regulate gene expression by acting as stability (21). Some studies showed that in a mouse breast cancer
“molecular sponge” of microRNAs (miRNAs) and epigeneticmodel, transforming growth factor beta (TA#H-induced EMT
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was promoted by U2AF65 (an RBP) through Spryl splicind®UM2 can bind with mRNA 8UTR of downstream molecules
(22). In hepatocellular carcinoma, the stability of the IncRNAIn a targeted way to promote their degradation and thus inhibi
highly upregulated in liver cancer (HULC) was decreased bthe gene expression2€-30). This study demonstrated that
RBPs through the recruitment of CCR4-NOT compléd( In  PUM2 could bind with the 8UTR of INSM1 mRNA in a
addition, IncRNAs can act on RBPs to regulate the downstreat@rgeted manner and inhibit INSM1 expression. Similarly to
garget gene expression. Zhang et &l ¢bserved that Shp our results, PUM2 can bind with SCCRO3 mRNA, and PUM2
mRNA was recruited by the IncRNA MEG3, which acts asverexpression reduced the mRNA expression of SCCROS, thus
the molecular scaold of PTBP1 to promote its degradation.in uencing the tumor-suppression e ects of SCCRO31}. In
In our study, SCAMP1-TV2 bound to PUM2 in a targeted our study, the inhibition on the mRNA and protein expression
manner, and silencing SCAMP1-TV2 decreased its binding tof INSM1 was increased by the silencing of SCAMP1-TV2 in
PUM2. Similarly, Kim et al. found that IncRNA OIP5-AS1 could combination with the overexpression of PUM2. This indicates
competitively bind with HUR to weaken its e ects on targetthat the inhibition of PUM2 on INSM1 mRNA is increased by
mRNA and thus participate in the regulation of proliferating the silencing of SCAMP1-TV2.
phenotypes &). As reported by Liu et al., the IncRNA gadd7 INSM1 is a zinc nger transcription factor originally isolate
bound with TDP-43 to decrease the binding of TDP-43 to thefrom human pancreatic islets3f). INSM1 is particularly
mRNA 2UTR of target genes and attenuate the inhibition onexpressed in neuroendocrine tumors, including pituitary s,
the translation process of these gen24.(In this study, PUM2 neuroblastoma, and retinoblastoma, and INSM1 is considesed a
expression was signi cantly decreased in breast cancaretiss a neuroendocrine marker of high speci cityt @, 29, 30). INSM1
and expressed at a markedly low level in the MCF-7 and MDAis highly expressed in the extraskeletal myxoid chondrasaec
MB-231 breast cancer cells. PUM2 overexpression inhibited thend is a potential molecular marker for its diagnos&3)( In
proliferation, migration, and invasion of breast cancerlsel our study, INSM1 was highly expressed in the luminal A and
as well as promoted the apoptosis. This showed that PUMRiple negative breast cancer tissues and cells. SilencinglINS
serves as a tumor suppresser in breast cancer. In the centsgini cantly inhibited the proliferation, migration, anchivasion
nervous system, PUM2 can regulate the expression of voltagef the breast cancer cells while promoting the apoptosis, which
gated sodium ion channel (Nav) and thus control the excitgbi indicates that INSM1 acts as a carcinogenic factor in breast
of neurons (L5). In the mammalian neurons, PUM2 can maintain cancer. Similarly, INSM1 is highly expressed in small cell lung
the morphology and function of synapseiss(25). cancer tissues and cells, and INSM1 knockdown inhibits the
In addition, PUM2 can interact with Aurora-A to improve malignant biological behaviors of small cell lung cancer cells
its stability and participate in the regulation of cell mitesi (13). In our study, the INSM1 bound the TTCCTTGGGTCG
(26). According to some studies, the function of PUM2 issequence at 321 301 in the promoter region of SASH1 and
dependent upon tumor type. PUM2 is highly expressed irdecreased its transcription activity of SASH1, thus infiilgjt
myeloid leukemia cells and associated with regulating th8ASH1 expression.
growth of hematopoietic stem cells and leukemia cells ( SASH1 has been regarded as a tumor suppresser in various
PUM2 also plays a signi cant role in maintaining the identity type of tumors 84-41). This study further demonstrated that
of stem cells and tumor progression by negatively regulatin@ASH1 had low expression in MCF-7 and MDA-MB-231
mitogen-activated protein kinase (MAPKPT). Furthermore, cells, and SASH1 overexpression inhibited the proliferation

FIGURE 9 | The schematic cartoon of the mechanism underlying the biolzical behaviors of breast cancer cells by secretory carrieassociated membrane protein
1-transcript variant 2 (SCAMP1-TV2).
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migration, and invasion of these cells while promoting apojstos ETHICS STATEMENT
In the study by Zeller et al., SASH1 expression was decreased i
74% of mammary tumors in comparison with normal mammaryHuman breast cancer specimens and adjacent tissues were
epithelial tissues34, 40), which is similar to our study results. obtained from patients diagnosed with breast cancer who
Burgess et al. reported that the apoptosis rate was increased féceived surgery at the Department of breast surgery of
the seven types of breast cancer cells among the eight bredée First Aliated Hospital, Jinzhou Medical University,
cancer cells with overexpressed SASE).( from January 2015 to January 2017. The research methods
In our study, the levels of p-PI3K/PI13K and p-AKT/AKT were in our study were approved by the Institutional Review
signi cantly decreased by SASH1 overexpression, suggektin  Board at The First Aliated Hospital of Jinzhou Medical
SASH1 blocks the malignant biological behaviors of bremster ~ University. Informed consents were obtained from all
cells through the inhibition of PI3K/AKT signaling pathway. Patients, and the study was approved by the Ethics
Similarly, SASH1 overexpression inhibits the proliferationCommittee of The First Aliated Hospital of Jinzhou
and invasion of thyroid cancer cells by suppressing théledical University.
phosphorylation of PI3K and AKT43), inhibits the invasion
and metastasis of hepatocellular carcinoma cells by suppeessiAUTHOR CONTRIBUTIONS
PISK/AKT signaling pathway 44), and suppresses the TGF-
al-induced EMT of stomach cancer cells by suppressing théX: study design, data analysis, writing of the article. WT:
phosphorylation of PI3K and AKT45). For the mechanism performed the experiments, data collection, and data arglysi
underlying the biological behaviors of breast cancer dejls JM: study design, data collection, and data analysis. JZ: study
SCAMP1-TV2, refer térigure 9. design and writing of the article. XL: writing of the articléL:
In conclusion, this study rst proves that SCAMP1-TV2 is data collection. XR, SS, LS, and JC: data collection. Afloasit
highly expressed in the tissues and cells of breast canksrcidiy  read and approved the nal manuscript.
SCAMP1-TV2 inhibits the malignant biological behaviors of
breast cancer cells by reducing its binding to PUM2 and~UNDING
further increasing the binding of PUM2 to INSM1 mRNA. This
decreased the expression of INSM1 mRNA, which downregulatddiis work was supported by grants from the Natural Science
the inhibitory activity of INSM1 on SASH1 transcription, and Foundation of China (81872503 and 81872073), Liaoning
inhibited the activity of the PISK/AKT signaling pathway. Science and Technology Plan Project (No. 2017225020,
Therefore, our results not only validate the important role2015225007), Project of Key Laboratory of Neuro-Oncolagy i
and mechanism of SCAMP1-TV2 in managing the biological-iaoning Province (112-2400017005), and special develojainen
behaviors of breast cancer cells but also provide a new targetoject guided by central government of Liaoning Province
and a novel mechanism for the molecular targeted treatmént dNo. 2017011553-301).
breast cancer.
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