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ABSTRACT

Ovariancancerrefers to all sorts of cancerousgrowth that starts from the ovary. Dysregulationof long non-
coding RNAs(IncRNASs)s associatedwith ovarian cancerdevelgoment and progression.Cellular expressiol
and localizationof LINC00452n ovarian cancercellswere detected by gPCRand FISHTheroles of LINC0045
in ovarian carcinogenesisvere characterizedby MTT, transwell and colony-formation assaysn vitro aswell
as xenograftmousemodel. Theunderlying mechanismwas explored by microarray, RIP,ColP and luciferase
reporter assa. This study identified a novel IncRNALINC0045deing elevatedin both ovarian cancercells
andtumor tissuesin patients. Sud aberrant expressionof LINC00452vas negativelycorrelated with relapse
free survival of ovarian cancer patients. Overexpressionof LINC00452potentiated CaOV3cell viability,
migration and invasionin vitro aswell as xenografttumor growth in vivo. Evdencefrom the current study
suggeststhat the carcinogenicity of LINC00452s partially due to competitive sponging of miR-501-3p
followed with releaseof repressionon the ROCKla key effector in Rhosignalingpathway. Irrespectiveof its
MiRNA sponge function, LINC00452s capable of preventing ROCK1protein from ubiquitin/proteasome-
mediated degradation via their mutual physical interaction. Our study makes LINC00452a potential
therapeutic target for ovariancancer.

INTRODUCTION chemotherapy drugs are also the causes of low survival
rates in patients with ovarian cancer.

Ovarian cancer refers to a tumor with malignant cells

being found inside, near or on the outer layer of ovary. Despite the poor prognosis for patients with advanced

It ranks first in all malignant gynecological cancer in  ovarian caner, there remains a chance for a cure in

terms of mortality, of which the fivgear survival of early detection[3]. The prevailing approaches for
ovarian cancer patients is mer&9~50%][1]. One of diagnosis of ovarian tumors have included regular
the major reasons for such poor mortality lies in the fact gynecological examination, -Bltrasound scan, CA125
that the ovary is located deep in the pelvic caatyd and CA199 serum tumor makers tests, pelvic magnetic

thus the symptoms are concealed. Eighty percent of the resonancand so forth. Among them, combined CA125

diseased women have already become advanced by the test and ultrasonography are recommended for
time of preserdtion [2]. In addition, a high recurrence symptomtriggered ovarian cancer diagnosis, although
rate after treatment and the acquired resistance to their specificities for early ovarian cancer detection are

Goodl-&APA2Y HMMH Il DLbD



not high. Therefore, there is an urgent necessity for
identifying clinical diagnostic biomarkers of ovarian
cancer with higher sensitivity and accuracy.

Long noncoding RNA (IncRNA) is a class of longer than
200 nucleotides RNA transcriptahich plays important
roles in regulating epigenetic modificatjonpost
transcription, translation andprotein stability [4].
Emerging evidence indicates that aberrant expression or
dysfunction of IncRNA correlates closely to various cancer
developmen{5, 6]. In ovarian tumors, there are a large
number of dysregulatetdicRNAs. These include buatre

not limited to INcRNAs such as HOX transcript antisense
intergenic RNA (HOTAIR)[7], inactive X chromosome
specifically expressed XigB], maternally expressed gene

3 (MEG3)[9], imprinted maternally expressed H{ID].
Fundionally, dysregulated IncRNAs promote cell
proliferation, migration and invasion, inhibit cell apoptosis,
induce chemoresistance, increase cell movement, adhesion
and metastasis as well as enhance glycdlys]sWith the
advance of higithroughput sequreing technologies, the
number of INCRNA transcripts with an aberrant expression
in ovarian cancer tissue is soaring and outpacing the rate of
functional annotations. Deciphering the fundamental
functions of individual IncRNAd& normal cells and their
roles in tumor development and progression is therefore
imperative

By conducting an unbiased prognesimd expression
based screening in different ovarian cancer datahbase
identified a novel IncRNA LINC00452 being
commonly upregulated in various ovacancer cells
and tissues. It promoted ovarian cancer cell
proliferation, migration and invasidn vitro as well as
xenograft tumor growthin vivo. The underlying
mechanismsincluded both indirect derepression of
ROCK1 mRNA through sponging mi801-3p and
direct binding and stabilization of ROCK1 protein. Our
results shed light orthe implication of the novel
IncRNA LINCO00452 as a therapeutic target of ovarian
cancer.

RESULTS

LINC00452 is upregulated in ovarian tumor tissues
and cancer cells and corredtes with worse relapse
free survival in patients

Many tumors are characterized as aberrant IncCRNAs
expression profile. To explore the roles of those
essential yet unacknowledged IncRNAs in ovarian
tumorigenesis, we performed an unbiased retrieval of all
500 genes associated with RFS from ovarian serous
cystadenocarcinoma (OV) dataset in GEPIN2].
These genes were then overlapped with the significantly
upregulated genes ithreeindependent human ovarian

cancer microarray datasets GSE185P3], GSE14407

[14] and GSE23391 I[fttps://www.ncbi.nlm.nih.gov/
geo/query/acc.cgi?acc=GSE23391 As the Venn
diagram inFigure 1Ashown, a common set 00 3argets
were found to meet the screening condition, among which
7 IncRNAs were identified Supplementary Table).1
Interestingly, all other IncRNAs in the list were positively
associated with RFS except for LINC00452, whose higher
expression in ovarian gace epithelia correlates however,
with worse RFSand overall survivaln patients Figure
1B). We then confirmed by gPCR that LINC00452 was
also significantly upregulated in all general ovarian cancer
cell lines including OVCAR3, SKOV3, CaOV3, A2780
and HO-8910 cells in comparison to the normal ovarian
epithelial cells IOSE80 with the highest abundance
detected in CaOV3 cellsS(pplementary Figure ).l
Therefore, we chose CaOV3 for the rest of functional
studies.

LINC00452 is a novel IncRNA that has nevieeen
studied. In pursuit of the hints for its function, we
knocked down LINCO0452 in CaOV3 cells, and
performed microarray analysis on the differentially
expressed genes (DEG). Notably, Rissociated
coiled-coil containing protein kinase IRQOCKJ) was
identified as one of the top dowegulated gerein
LINCO00452deficient cells Figure 1Q. Corres
pondingly, Rho protein signal transduction and positive
regulation of Rho protein signal transduction terms
were also enriched by gene ontology biologicakcpss
(GOBP) analysisKigure 1D.

ROCK1encodes a protein serine/threonine kinase that is
activated upon binding to a G¥i®und form of Rho. The
ROCK family genes are involved in many aspects of the
fundamental cellular functions including contraction,
adhesion, migration, proliferation and apopto$id].
Accumulating evidence supports tHROCKlacts as an
oncogene and participates in tumor development and
progressior[16]. Therefore, our microarray analysis data
reminded that the high LINC00452 expiessassociated
aggravation in RFS of ovarian cancer might be at least
partially attributed to derepressionROCK1gene. To test

it, we firstly validated our results from a cell lbased
study in human ovarian cancer microarray datasets
GSE14407 [14]. As expected, both LINC00452 and
ROCK1 were significantly upregulated in primary
ovarian tumor tissuesand Persais correlation analysis
showed a positive correlation in their expression in tumor
(Figure 1B.

It is proposed by the canonical competeigdogenous
RNA (ceRNA) theory that INcRNAs act as microRNAs
(mi RNAs) 6spongeso or
competitively bindings to their natural targets and thus
releasing target
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then asked whether LINC00452 aR®DCK1 share any
common interacting miRNAs. To address this question,
we predicted through TargetSdd8] to have found 1125
ROCK: and 183 LINC0O045dinding miRNAs,
respectively, of whicle5were shared in commofigure
1F. We also obtained 66 commonly dowrregulated
mMiRNA candidates in ovarian tumors by comparing
microRNA profiling array datasets GSE119(049] and
GSEA4848320] (Figure 1F. Further intersection analysis
of the two subsets yielded 7 overlapped miRNFigyre

1F and Supplementary Tablg 2 view of the negative
correlation of LINC00452 with OV RFS-gure 1B, its
target miRNAs were expected an opposite association
instead. Accordingly, by performing an online tool of
KaplanMeier plotter analysi§21], we finally identified
miR-501-3p a potatial targetof LINC00452 in ovarian
tumors for its positive correlation to the survival of
ovarian cancer patientsigure 1Q.

Taken all these analytical data together, we
hypothesized that mi#801-3p is a common binding
mMiRNA for both LINC00452 andROCK1 (Figure 1H,
and constrain)ROCK1 expression in normal ovarian
tissue. Induced LINC00452 competitively sponges
cytosol miR501-3p, and consequently derepresses
ROCK1to promote ovarian tumorigenesis.

LINC00452 potentiates ovarian cancer cellgiability,
invasion and colony formation

To validate our bioinformatics analytical data from
ovarian cancer tissues, we determined the expression
profiles of miR501-3p andROCKL1in different ovarian
cancer cells. In line with our assumptions, these cancer
cells were also featured in general with lower FBiRRI-

3p but higherROCKZ1 transcripts compared to normal
IOSES80 cells Figure 2A. Further FISH assay showed
that LINC00452 is mainly located in the cytoplasm of
CaOVa cells Figure 2B.

Next, we performed ga and loss of function assays
to characterize the comprehensive effects of
LINC00452 on CaOV3 cell propensitiefigure 2Q.
Strikingly, while a gain of LINC00452 enhanced cell
proliferation, migration and invasion, loss of the gene
exhibited the oppot@ effects as evidenced by results
from MTT (Figure 2D, transwell Figure 2B as well as
colony formation Figure 2 assays. Together, these
data indicated that LINC00452 profoundly endows
carcinogenic properties of ovarian cells.

LINC00452 competitivdy sponges miR501-3p to
elevateROCK1ImRNA level

ROCK1 by LINC00452 in CaOV3. As expected,
LINC00452 overexpression reduced nBB3-3p
transcription, whereas LINC00452  knockdown
increased its transcription, respectiveligure 3A. In
contrast, overexpressing LINC00452 resulted in the
induction of ROCK1 at 6th mRNA and protein levels,
and vice versaHigure 3A.

Next, we performed luciferase reporter assay to verify
the predicted binding site between LINC00452 and
miR-501-3p. It was clearly demonstrated that rGBR1-

3p mimics reduced the luciferase adgivof wild-type
LINCO00452 reporter, but had no effect on the construct
with mutations at the binding sité=iQure 3B. The
direct binding between LINC00452 and rR1-3p
was further testified by detecting highly enriched
LINC00452 transcript in biotitabeled wildtype but
not the sitemutated miR501-3p-pulldown cell lysates
(Figure 3@. Similarly, we also demonstrated that
transfection of miRB01-3p mimics significantly
suppressed ROCK1 mRNA and protein expression.
Instead, miR501-3p inhibitors largely induced its
transcription and translation as wdfigure 30. Such
regulation was mediated through the direct binding of
miR-501-3 p to t he
untranslated region (UTR) d2OCK1las evidenced by
significantly decreased luciferase aitfi of wild-type
ROCKE3O6UTR reporter i-#8013phe
mimics (Figure 38 .
ROCKU1 fully abolished the inhibition of mif%01-3p
mimics on reporter luciferase activityFigure 3B.
Functionally, reducing mif%01-3p by its inhibitor
mimicked the effects of overexpressing LINC00452 by
facilitating CaOV3 cell proliferation Rigure 38,
migration and invasionHgure 3Q as well as colony
formation capability Figure 3H. Instead, applying
mMiR-501-3p mimics in CaOV3 cil resembled the
inhibitory effects of LINC00452 on all these cancerous
propensitiesKigure 3F 3G).

So far, our results had suggested that LINC00452 acts
as a miR501-3p sponge controllinROCKlexpression
and subsequently the outcome of RFS in ovarian cancer
patients. Unexpectedly, concomitant addition of miR
501-3p inhibitor restored only mRNASupplementary
Figure 2) but not protein expression of ROCK1 in
LINC00452 knockdown CaOV3 cellsFigure 3l).
Consistently, none of the compromised CaOV3
functions in proliferation, migration and invasion, as
well as colonyformation upon knockdown of
LINCO0452 were rescued by inhibiting mB®-3p
(Figure 333L). These data indicated that besides the
transciptional regulation ofROCK1 by LINC00452

through competitively sponging miB01-3p, the
We proceeded to seek for experimental evidence additional control at podtanslational level was
supporting the proposed regulation of rRER1-3p and potentially involved.
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Figure 1 Aberrant LINC00452 expression in ovarian tumor tissue and cancer ¢g@)ls/enn diagram showing the overlapped
genes being upregulated in ovarian tumor tissues and significantly associated witB)RIR&réll survival and RFS in ovarian cancer patients
with higher LINC00452 level were shorter as demonstrated by Kafdder analysis.@ Heatmap representation of the top differentially
expressed genes (DEG) (2 < fold changg g < 0.05) in LINC00452 knockdown (designated as group B) versus cesigyigtbd as group

A) CaOVa3 cells by microarray analysis. Color pattern representssoareZ D) Bubble chart of enriched GOBP statistics. Rich factor is the
ratio of the DEG number to the total number in a certain pathwayal@e is a false discoveate corrected Pralue ranging from 0 to 1. The
color and size of the dots represent the range of theaue and the number of DEGs mapped to the indicated pathways, respectiyely. (
LINC00452 and ROCK1 transcripts were elevated in ovarian tumor ttssupared with normal tissues, shown from microarray dataset
D{9mvmnnnTd® tSNA2YyQa O2NNBflI A2y lylrfeara aK2gSR | LR aAlliss@sS O2 NN
& ( dzR Stgsti @ &enrii diagram showing the commonly dowgulated miRNAs that are capable of binding to both LINC00452 and ROCK1
in ovarian tumors. ) Survival curve of miB01-3p in ovarian cancer patients. The overall survival in patients with lower561Rp
expression was shorter as indicated by Kaplier and logrank tests. k) Respective miB01-3p binding sites in LINC00452 and ROCK1 as
predicted in Targetscan database.
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LINC00452 stabilizes ROCK1 protein by decreasing outputfiles further suggested that the protein domain of

its ubiquitination 325380 amino acids in ROCK1 and the RNA regions
ranging from 577 to 642 nucleotides (nt), 897 to 968 nt
To test whethr there was LINCOO45glated post as well as 903 to 968 nt were most likely to mediate the
translational regulation of ROCK1 in ovarian cancer,  mutual binding. This predicted proteiRNA interaction
we first conducted anin-silico prediction through was subsequently validated by RNAmmunoc
catRAPID [22] the probability of any physical precipitation (RIP) assay, which displayed &ol@l
interaction between LINC00452 arRIOCK1 protein increase of ROCKImmunoprecipitated LINC00452
Interestingly, the aalytical result of interaction profile RNA in LINCO04520verexpressing CaOV3 compared
file gave several highly scored domains in LINC00452  to the control cellsKigure 40. Similarly, RNA pult
indicating a strong probability of interactiorfrigure down assay using biotilabeled LINC00452 probe
4A). Information given in interaction matrixFigure showed that less ROCK1 protein was pulled down when
4B) and interaction heahap €igure 4G graphic LINC00452 was knocked down in
A
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Figure 2. LINC00452 promotes ovarian cancer cell carcinogenic propef8ggPCR analysis displaying mRNA expression of
LINC00452, miB01-3p and ROCK1 in a panel of ovarian cancer cell lines and normal ovary epithelial cell line B)&889.RISH results
showing that LINC00452 was mainly located in the cytoplasm of CaOV3 cells. U6 was used as a control for nizelBang@aValidation

of LINC00452 expression in LINCOGdBrexpressing and knockdown CaOV3 cells by qPCR. *** p < 0.001 versus control celsy one
ANOVA test.§) Timedependent cell proliferation determined by MTT assay. LINCO0¢&&xpressingedls exhibited a growth advantage
while LINC0045&nockdown cells displayed a growth defect over control CaOV3 cells. ** p < 0.01, *** p < 0.001 versus control eelly, one
ANOVA test. H) Cell migration/invasion capacity determined by transwell assgyedulation of LINC00452 promoted whereas
downregulation of LINC00452 compromised cell migration and invasion of CaOV3 cells. ** p < 0.01 versus controhgeallsANGVA test.

(P Colonyformation assay showing enhanced cell growth upon increasing0DB¥2 and defective cell growth upon decreasing its
expression. ** p < 0.01 versus control cells, ovey ANOVA test.
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Figure 3 LINC00452 regulates ROCK1 expression through competitive binding ob@1Rp. (A) Changes at RNA level of miR
501-3p and R@QK1 (left) as well as protein level of ROCK1 (right) upon overexpressing or knockdown LINC00452, respectively. * p < 0.05, **
< 0.01 versus the corresponding vectansfected control, oneavay ANOVA testBj Luciferase reporter assay showing that +8{(R-3p

mimics reduced the luciferase activity of wiighbe LINC00452 reporter, but not the construct with mutations at the binding sites. * p < 0.05
versus WT or MT vectdransfected controls, onavay ANOVA test. WT, witgpe; MT, mutant type.@ RNA plddown assay by incubating
CaOVa3 cell lysates with biofiabeled wildtype (WT) or mutant (Mu) miB01-3p followed with qPCR determining LINC00452 level from
respective puldown RNA extract. *** p < 0.001 versus RNIE, oneway ANOVA testD) Determinig ROCK1 RNA (left) and protein (right)
expression upon transfection of mB®1-3p mimics or inhibitors (inh) in CaOV3 cells. ** p < 0.01, *** p < 0.001 versus control vector

5o Dl -dzd $A2 Y HMMO N Il DLbD



transfected cells, ongvay ANOVA testH Luciferase reporter assay showing thaR501-3p mimics reduced the luciferase activity of wild
type ROCK1 reporter, but not the construct with mutations at the binding sites. ** p < 0.01 versus WT or MTramsfected controls,
one-way ANOVA test. WT, witglpe; MT, mutant type.R) Timedependent cell proliferation determined by MTT assay. Cells transfected with
miR501-3p inhibitors exhibited advanced growth over the control vedtansfected CaOV3 cells. In contrast, f80R-3p inhibitor
transfected cells displayed defective growth. p* < 0.01 versus miRC, oneway ANOVA test.§) Transwell assay determining cell
migration/invasion capacity. Upregulation of nBR1-3p using mimics suppressed whereas downregulation of-50[R3p by inhibitors
promoted cell migration and invasion of Cé®cells. ** p < 0.01, *** p < 0.001 versus AN, oneway ANOVA testH) Colonyformation
assay showing defective cell growth upon transfecting-5tiR3p mimics and enhanced cell growth upon transfecting-80R3p inhibitors.

*p <0.05, * p < 0.0lersus miRNC, oneway ANOVA testl)(Western blot assay determining ROCK1 protein changes upon downregulation
of LINC00452 or combined decreases in both LINC00452 arsltBp. (L) Inhibiting miR501-3p failed in rescuing LINC00452 decrease
caused defcts in CaOV3 cell proliferatiod),(migration and invasiorK] as well as growthH). ** p < 0.01 versus siNC group, enay

ANOVA test.

CaOV3 cells Figure 4B. Results from truncated RNA
pull-down assay further suggested the binding
regionof ROCKL1 proteinn LINC00452is most likely
located in the903-968 nt (Figure 4). Together, these
results provided strong evidence indicating the direct
interaction between LINC00452 and ROCK1 protein.

Next, we asked whether tllecreased ROCKL1 protein in
the absence of both LINC00452 and rai®1-3p (Figure

3l) was due to a speagp protein degradation. We pre
treated LINC00452 knockdown CaQV3 cells with protein
synthesis inhibitor cycloheximide (CHX), and determined
the timedepemnlent ROCK1 protein degradation.
Compared to the control group, knockdown of
LINC0O0452 not only decreased the total amount of
ROCK1 protein, which was related to suppression by
miR-501-3p, but also dramatically shortened its Hi&;

absence of LINC00452F{gure 45). Interestingly, ce
treatment with proteasome inhibitor MG132 delayed
LINCO0452 deficiencycaused ROCK1 degradation,
suggesting that LINC00452 protects ROCKL1 protein from
a proteasomdependentdegradation Kigure 45). As
proteins being subjected to a degradation in proteasome
are usually tagged with ubiquitin, we further tested the
involvement of the ubiquitiproteasome pathway in
LINC00452associated degradation of ROCK1 by-IEo
assay. Indeed ubiquitinated ROCK1 in LINCO00452
knockdown cells was largely increased, while
overexpressing LINC00452 minimized ubiquitination of
ROCK1 in CaOV3 cellsKigure 4). As a whole, these
data indicated that LINC00452 physically interacts with
ROCK1 and protects it from ubiquitin/proteasorme
mediated proteolysis.

LINC00452 activates the downstream signals of
ROCK1 protein

Since both mRNA and protein levels BIOCK1 was
increased byLINC00452 the downstream signals of
ROCK1 proteinwas onjecturel to be influenced by
LINC00452 as well. As indicated by western blot assay,
silencing LINC00452 increased LIMK1 protein level but

decreased -pLIMK1 protein level, which causehe
reduction of p-LIMK1/LIMK1 ratio (Figure 5). In
addition, pcofilin protein level and the ratio of -p
cofilin/cofilin were reduced aftdtINC00452knockdown.
Suppression of themiR-501-3p partially restored the
reductionof p-LIMK1/LIMK1 and p-cofilin/cofilin ratios.

LINC00452 upregulation promoted xenograft tumor
growth in vivo

To explore the function of LINCO00452 in ovarian
tumorigenesisn vivo, CaOV3 cancer cells with stable
transfection of negative control INcCRNA, LINC00452 as
well as LINC00452 in combination with ROCKhRNA
were subcutaneously injected into nude mice,
respectively. As expected, overexpressing LINC00452
significantly promoted xenografted tumor growth
compared to the control groupigure6AT 6C). However,
simultaneous suppression ROCKldramatically slowed
down the tumor growth rate despite of LINC0R45
overexpression Fjgure 6A, 6B). We further harvested
tumors from each group for determining vivo cell
proliferation by immunohistochemical staining. In
agreement with their tumor growth rates, LINC00452
overexpressing cetlerived tumors were overwine¢d
with  Ki67-positive proliferating cells Figure 6D).
Instead, cells in tumors grown from LINC00452
overexpressing buROCKZXknockdown CaOV3 were
much less proliferative as indicated by diminished Ki67
positive staining Kigure6D). Taken together, thaurent
study suggests that the carcinogenicity of LINC00452 is
partially due to competitive sponging of miR1-3p
followed with release of repression on the ROCK1, a key
effector in Rho signaling pathway. Irrespective of its
miRNA sponge function, LINCO®R is capable of
preventing ROCK1 protein from ubiquitin/proteaseme
mediated degradation via their mutual physical interaction
(Figure6E).

DISCUSSION

Gene regulatory networks are enormous and extensively
distributed in cells, lading to intricate tumorigenesis
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Figure 4 LINC00452 protects ROCK1 from ubigujiroteasomemediated degradation.(A and B) interaction profile &) and
interaction matrix B) showing catRAPIPagmentsbased prediction of interaction between LINC00452 and ROCK&atRAPID graphic
output confirming the interaction of LINC00452 and ROCK1 as predicated by catRAPID frag@nBilsresults showing ROCK1 antibody
specifically immunoprecipitatemore LINC00452 from LINCOO4h2rexpressed CaOV3 cell lysates than control cells. Antibody against IgG
was used as a negative control. M, DNA marker; LNC (OE), LINC00452 overexpression. ** p < 0.01 versugEyRNfopptdown assay
using biotinlabeled LINC00452 yielded less ROCK1 protein when knocking down LINC00452 in CaOV3-adiils vBetaised as a negative
control indicating specificity of the interactidoetween LINC00452 and ROCKLLIN Truncated RNA ptdlown assay, fullength LINCO0452,
antisense LINC00452, and truncated LINC00452@Qht,1-1000nt,2842036nt,1962036nt) were synthesized. Results suggested that the
binding region of ROCK1 protein in LINC00452 is most likely located in tf86808. (G) Western blot results showg knockdown of
LINC00452 shortened the hdife of ROCK1, which could be reversed by blocking proteasoedkated protein degradation with MG132.
CHX, cycloheximid¢-) Coimmunoprecipitation of ROCK1 protein and ubiquitin. Knockdown of LINC00452siedredile overexpressing
LINC00452 decreased ubiquitination of ROCK1 protein, respectively. Normal IgG was used as a negative control for IP.
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mechanisms. A phenotypical difference in protein
expression could be potentially rootém multiple
changes at the mRNA transcription, translation, and/or
posttranslation levels. In addition to mutations in
proteincoding genes, emerging evidence indicates that
aberrant expression of naoding RNAs including
IncRNAs and miRNAs accountsrfamany dysregulation

in oncogenes and thus tumor aggressiveness and
metastasis[23]. Our current study started from an
unbiased screening of the upregulated human ovarian
cancer signatures with strong correlations to RFS of OV
to have identified the uniquihcRNA candidate of
LINC00452, whose expression is negatively associated
with patients6é survival

first study disclosing the function of LINC00452 in
cancer researchn vitro, LINC00452 was elevated in
all general ovarianancer cell lines including the serous
ovary cancer cells lines OVCAR3, SKOV3 and CaOV3,
as well as the ovary epithelial cancer cell lines A2780
and HOB8910 in comparison to the normal ovarian
epithelial cell IOSE80In vivo, it was also significantly
upregilated in ovarian cancer tissues. Therefore, we
consider the index of LINC00452 expression could be
beneficial for the diagnosis and prognosis of ovarian
cancer.

GO-BP analysis showed that Rho protein signal
transduction pathway was dramatically affectgubn

LINCO0452 knockdown in CaOV3 cells. The Rho
subfamily members are of GTPase activity, and act as
molecular switches controlling many essential cellular
signal transductions. Rho proteins exert multiple
biological effects by binding to their downstmeaarget
effector molecules, among which ROCK1 is one of the
major effectors[24]. We speculated that alteration in
Rho protein signal transduction pathway was resulted
from the dramatic downregulation of its effector
ROCK1 The Rho/ROCK signaling pathwasgffects
profoundly cell migration through playing a central role
in organizing actin cytoskeleton. ROCi¢gulatesthe
activities of LIMK and cofilin (LIMK substrate), thus

Tinducowg aancek celbb pelarieadian,emotility, and adhegi@ns

through promotion of actimyosin filament bundling,
myosindriven contraction, actimembrane linkage,
andactinfilament stabilizationindeed, the hyperactive
ROCK1 signaling pathway was reported to promote
migration and invasion of many types of cancer cells
[25127]. Therefore, the disordered Rho/ROCK1
signaling pathway can easily lead to tumor development
and progression. Our study brings important insights
into the function of LINC00452 through regulation on
the key oncogenBOCKZ1in ovarian tumorigenesis.

It has been weltecognizd that IncRNAs function as
molecular decoys to sequester miRNA and indirectly
regulate gene expression by inhibiting miRNAs from

Figure 5. LINC00452 activates the downstream signals of ROCK1 protiin00452 was knocked down alone or in combination

with miR501-3p knockdown. The protein levels oL MK1, LIMK1,-pofilin and cofilin were assessed in CaOV3 using western blot assay. * p

<0.05, ** p < 0.01; *** p < 0.001 versus control group.
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