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Abstract

Background Long non-coding RNAs (IncRNAs) have been increasingly uncovered to participate in multiple human can-
cers, including pancreatic cancer (PC). However, the underlying mechanisms of most of the IncRNAs have not been fully
understood yet.

Aims In this study, we probed the role and latent mechanism of LINC01420 in PC.

Methods Several online tools were applied. Gene expression was evaluated by qRT-PCR or Western blot. Both in vitro and
in vivo assays were conducted to probe LINC01420 function in PC. ChIP, RIP, and luciferase reporter assays were performed
to determine relationships between genes.

Results The bioinformatics analyses revealed LINC01420 was highly expressed in PC tissues. Besides, LINC01420 was
pronouncedly upregulated in PC cell lines and its depletion controlled PC cell proliferation and EMT in vitro and hindered
tumor growth in vivo. Importantly, KRAS was proved to mediate LINC01420-facilitated PC cell proliferation. Further,
we explained that KRAS transcription was regulated by MYC, while LINC01420 enhanced the binding of MYC to KRAS
promoter in the nucleus of PC cells. Intriguingly, LINC01420 boosted MYC expression in the cytoplasm of PC cells by
sponging miR-494-3p.

Conclusion This study illustrated that LINC01420 accelerates PC progression through releasing miR-494-3p-silenced MYC
in cytoplasm and upregulating MYC-activated KRAS in nucleus, unveiling LINC01420 as a latent therapeutic strategy for
PC patients.
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Introduction anti-tumor genes, and so on [2, 3]; however, few of them

come into clinical application. Hence, due to the limited

Pancreatic cancer (PC) is one of the deadliest human malig-
nancies all over the world [1]. In the past decades, a good
deal of molecules have been uncovered to be implicated in
the pathogenesis of PC, including growth factors, oncogenes,
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progress in the diagnostics and therapeutics of PC, most
patients with PC have already had distant metastasis or a
high risk of complications when diagnosed [4]. Meanwhile,
5-year survival time of PC patients postoperation is still dis-
appointing [5]. Hence, more effective regulators involving
in PC tumorigenesis and development are helpful to develop
useful diagnostic and therapeutic targets for PC patients.
Long non-coding RNAs (IncRNAs) are a class of RNA
transcripts with longer than 200 nucleotides in length, and the
importance of IncRNAs in the carcinogenesis and progres-
sion of various human cancers have already been revealed
by accumulating evidences over decades [6]. Lately, the var-
ied function of IncRNAs has been uncovered based on their
different localizations [7-9]. For example, the cytoplasmic
IncRNA CASC?9 facilitates hepatocellular carcinoma survival
through an AKT-dependent way [10]. LncRNA CCAT]1 in
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the cytoplasm promotes esophageal squamous cell carcinoma
(ESCC) cell growth and migration by miR-7/HOXB13 sign-
aling [11]. The cytoplasmic IncRNA LINK-A facilitates tri-
ple-negative breast cancer by targeting HIF1a signaling [12].
Also, IncRNA AC026904.1 acts as an enhancer RNA in the
nucleus, while UCAT1 functions as a competitive endogenous
RNA (ceRNA) in the cytoplasm in the development of breast
cancer [13]. Moreover, IncRNA CASC9 contributes to ESCC
metastasis through targeting LAMC?2 via interacting with the
CREB-binding protein in the nucleus [14]. LINC01420, also
called NBDY (negative regulator of P-body association), is
a newly identified oncogene in nasopharyngeal carcinoma
[15]; nevertheless, its expression pattern and role in PC remain
elusive.

In the current study, we aimed to investigate the func-
tion and the potential mechanism of LINC01420 in PC
progression.

Materials and Methods
Cell Culture

The human normal pancreatic ductal epithelial cell line
(HPDEG6-C7) and five PC cell lines (PANC-1, SW1990,
HPAC, CFAPC-1, and BXxPC-3) as well as HEK-293T cells
were all provided by the Institute of Biochemistry and Cell
Biology of the Chinese Academy of Sciences (Shanghai,
China). Cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM; HyClone, USA) with 10% fetal bovine
serum (FBS; Invitrogen Life Technologies, Carlsbad, CA,
USA), 100 U/ml penicillin, and 100 pg/ml streptomycin in
a humid incubator containing 5% CO, at 37 °C.

Cell Transfection

Two short hairpin RNAs (shRNAs) specially targeting
LINCO01420 (shLINCO01420#1 and shLINC01420#2) and
its scramble control shRNA (shCtrl) were obtained from
GenePharma (Shanghai, China). In addition, miR-494-3p
mimics and NC mimics were also generated by GenePharma
(Shanghai, China). The pcDNA3.1 vectors (Invitrogen) con-
taining the amplified cDNA of KRAS, MYC or LINC01420
were, respectively, used to overexpress KRAS, MYC and
LINCO01420, with the empty vector used as negative control.
The above plasmids were transfected appropriately into PC
cells or HEK-293T cells by using Lipofectamine 2000 (Inv-
itrogen) following the manufacturer’s instruction.

RNA Extraction and Quantitative Real-Time PCR
(qRT-PCR)

Total RNA was extracted from cells by using an RNeasy
Mini kit (Qiagen, #74104) following the manufacturer’s

protocols. Then cDNAs were obtained from isolated RNAs
with a High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, #4368813). Subsequently, the real-
time PCR was carried out on a QuantStudio 6 Flex Real-
Time PCR System (Applied Biosystems) by the use of the
Power SYBR Green PCR Master Mix (Applied Biosys-
tems, #4367659). Gene expression relative to GAPDH was
assessed with 2722Ct methods. All qRT-PCR analyses were
performed in triplicate and repeated at least three times.

Cell Proliferation Assays

To evaluate cell viability, the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-tetrazolium bromide (MTT) assay was con-
ducted in PANC-1 and BXPC-3 cells. In short, cells main-
tained in complete medium were placed in a 96-well plate
and cultured for 24, 48, 72, and 96 h. Thereafter, 20 pl of
0.5 mg/ml MTT was supplemented into each well, and then
cells underwent 4 h of incubation with MTT at 37 °C, fol-
lowed by subsequent incubation with 100 pl of dimethyl
sulfoxide (DMSO) for 1 h. Eventually, the absorbance of
each well was evaluated at 490 nm by the use of a microplate
reader. To assess the cell proliferative ability, EQU assays
were performed using the Cell Light EAU DNA imaging
kit (Invitrogen, Carlsbad, CA, USA) based on the manufac-
turer’s guide. All experiments were conducted in triplicate
for at least three repeats.

Western Blot

Total protein was isolated with 10% sodium dodecyl sul-
fate—polyacrylamide gel electrophoresis (SDS-PAGE) and
then transferred onto polyvinylidene difluoride (PVDF)
membranes (Roche). Afterward, the membranes were
blocked and incubated with primary antibodies overnight
at 4 °C, followed by further incubation with secondary anti-
bodies (Santa Cruz Biotech, CA, USA) for 2 h at 37 °C. At
length, the blots were visualized with the bands detected
using Bioimaging Systems (UVP, Upland, CA, USA). The
primary antibodies included anti-E-cadherin, anti-N-cad-
herin, anti-Vimentin (Abcam, MA, USA), anti-KRAS, anti-
AKT, anti-p-AKT, anti-ERK, anti-p-ERK (Cell Signaling
Technology, Inc., Danvers, MA, USA), and anti-GAPDH
(Abcam, MA, USA). GAPDH served as a loading control.

RNA Immunoprecipitation (RIP) Assay

The Magna RNA-binding protein immunoprecipitation
kit (Millipore, Billerica, MA, USA) was employed in RIP
assays in the light of the protocols of manufacturer. Anti-
bodies targeting MYC and normal IgG (negative control)
were applied in such experiments. The immune-precipitated
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RNAs were purified using proteinase K and then examined
by qRT-PCR.

Luciferase Reporter Assay

HEK-293T cells seeded in a 24-well plate with a density
of 1x10° cells/well were co-transfected with pGL3-KRAS
promoter and MYC or co-treated with pGL3-MYC promoter
and shCtrl or shLINCO01420#1 using Lipofectamine 2000
(Invitrogen). With respect to the identification of relation-
ship between LINC01420 and miR-494-3p, the sequences
of LINC01420-WT/Mut were subcloned into the pmirGLO
dual-luciferase vector (Promega, Madison, WI, USA), fol-
lowed by the co-transfection of these recombinant plasmids
with miR-494-3p mimics or miR-NC into HEK-293T cells
by the use of Lipofectamine 2000. Similarly, the pmir-
GLO dual-luciferase vector (Promega, Madison, WI, USA)
subcloned with the sequences of MYC-WT/Mut was co-
transfected with miR-NC, miR-494-3p mimics, or 494-3p
mimics + LINC01420 into HEK-293T cells. Two days later,
the transfected cells were collected followed by the meas-
urement of luciferase activities with the Dual-Luciferase
Reporter Assay System (Promega, Wisconsin, WI, USA).
All transfection experiments were carried out in triplicate
for three times.

Subcellular Fractionation Assay

The cytoplasmic and nuclear fractionation of PANC-1 and
BXPC-3 cells was processed by the use of a PARISTM kit
(ThermoFisher, #AM1921) in line with the manufacture’s
recommendations. Then, the isolated RNA from each frac-
tion was determined using qRT-PCR.

In Vivo Experiments

Six BALB/c nude mice at 5 weeks old obtained from SLAC
Laboratory Animal (Shanghai, China) were applied in this
study. Then, shCtrl- or shLINC01420#1-transfected BXPC-3
cells were subcutaneously injected into the left flank of these
mice (two groups, 3 mice for each group). The volumes of
tumors in the above two groups were measured every 4 days
according to following formula: V=0.5x D x d*, where V
means volume, D is longitudinal diameter, and d repre-
sents latitudinal diameter. After 4 weeks, mice were killed
and tumors were weighted. Thereafter, these tumors were
embedded with paraffin and finally used for immunohisto-
chemical (IHC) staining.

Immunohistochemical (IHC) Staining

The THC assay was conducted following previous proto-
col [16]. The primary antibody against Ki67 (Cat. #9027,
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1:1600 dilution, Cell Signaling Technology) and horserad-
ish peroxidase (HRP)-conjugated secondary antibody were
used here. The pictures were obtained using a Leica DMIL
LED microscope.

Statistical Analysis

The differences were determined by the Student’s ¢ test
(between two groups) or one-way ANOVA (among at least
three groups) through analyzing all data by using SPSS 15.0
software (SPSS, Inc., Chicago, IL, USA). All the experi-
ments were repeated for at least 3 times. All results were
presented as mean + standard deviation (SD), and P <0.05
was thought as statistically significant.

Results
LINC01420 Is Remarkably Upregulated in PC

To explore the potential role of LINC01420 in PC, several
online tools were firstly applied to evaluate the expression
pattern of LINC01420 in PC. According to the bioinformat-
ics analyses, we found that LINC01420 expression in 8555
normal pancreatic samples was generally expressed at low
level based on the data from UCSC (http://genome.ucsc.edu/
cgi-bin/hgc?hgsid=715371743_8yfcS3no0SKdr8zxqH8n
fbfZ5EcB&c=chrX&I1=56755691&r=56844813&0=56755
691&t=56844813&g=gtexGene&i=LINCO01420) (Fig. 1a).
Accordantly, the low expression of LINC01420 in nor-
mal pancreatic tissues from 95 human individuals was
also indicated by NCBI (https://www.ncbi.nlm.nih.gov/
gene/?term=LINC01420) (Fig. 1b). In contrast, TCGA data-
base (http://gepia2.cancer-pku.cn/#analysis) suggested a rel-
ative high level of LINC01420 in PC tissues in comparison
with normal pancreatic tissues (Fig. 1c). By experimental
data, we proved that LINC01420 was observably upregu-
lated in five PC cell lines (PANC-1, BXPC-3, SW1990,
HPAC, and CFPAC-1) relative to the human normal pan-
creatic duct epithelial cell line HPDE6-C7, with PANC-1
and BXPC-3 cells exhibiting the highest LINC01420 expres-
sion (Fig. 1d). Altogether, these data strongly indicate the
upregulation of LINC01420 in PC.

Silencing LINC01420 Hampers Cancer Cell
Proliferation and PC EMT

To investigate the precise role of LINC01420 in PC
development, loss-of-function assays were implemented
in PANC-1 and BXPC-3 cells which showed highest
LINCO01420 expression endogenously. Compared to the
shCtrl-transfected control groups, LINC01420 was success-
fully and notably silenced in both PANC-1 and BXPC-3
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«Fig. 1 LINCO01420 was highly expressed in PC. a LINCO01420
expression profile in 53 normal tissues from 570 donors that obtained
from UCSC. b The profile of LINC01420 level in 27 tissues from
95 normal individuals was obtained from NCBI. ¢ The data from
TCGA showed that LINC01420 was upregulated in PC tissues com-
pared with normal tissues. d qRT-PCR result of LINC01420 expres-
sion in five PC cell lines and the normal HPDEG6-C7 cells. *P <0.05,
**P<0.01

cells under the transfection of either shLINC01420#1 or
shLINCO01420#2 (Fig. 2a). Meanwhile, the result of MTT
assays demonstrated that LINC01420 inhibition by either
shLINCO01420#1 or shLINC01420#2 led to noticeably con-
fined viability of both PANC-1 and BXPC-3 cells (Fig. 2b).
Based on the results that more effective suppression induced
by shLINC01420#1 was noticed in the above two PC cells,
we then chose shLINCO01420#1-transfected PC cells to con-
tinue our study. LINC01420 depletion resulted in apparent
impairment on the proliferative capacities of these two PC

cells (Fig. 2c, d). Moreover, the impact of LINC01420 on
epithelial-to-mesenchymal transition (EMT), a crucial driver
for cancer metastasis [17], was also evaluated here. Results
indicated that inhibition of LINC01420 hindered EMT pro-
cess in PC, since the level of epithelial marker E-cadherin
was increased while those of mesenchymal markers N-cad-
herin and Vimentin were decreased after LINC01420 silenc-
ing (Fig. 2e). Collectively, our results show that LINC01420
serves as a contributor in PC development via proliferation
EMT promotion.

KRAS Is Involved in LINC01420-Promoted PC Cell
Proliferation and EMT

Next, we further investigated underlying mechanism under-
lying LINC01420-affected PC development. In this situa-
tion, KRAS, a proto-oncogene highly related to PC that has
been proved by MalaCards (https://www.malacards.org/
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Fig.2 Knockdown of LINC01420 suppressed PC cell proliferation. a
qRT-PCR result of LINC01420 level in PANC-1 and BXPC-3 cells
upon the transfection of shCtrl, shLINC01420#1 or shLINC01420#2.
b The viability of the above PC cells was assessed by MTT assays. c,
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d EdU assays were conducted to determine the proliferation capacity
of PANC-1 and BXPC-3 cells with or without LINC01420 inhibition.
e Western blot analysis of EMT-related proteins in PC cells with or
without LINCO01420 silence. *P <0.05, **P <0.01
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tissues (Fig. 3a). Meanwhile, the data from TCGA also
revealed a high prognostic value of KRAS for PC patients
(Fig. 3b). Interestingly, TCGA further suggested that KRAS
expression was strongly correlated with LINC01420 level in
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«Fig.3 KRAS was involved in LINCO01420-affected PC cell prolif-
eration. a—c¢ The expression of KRAS in PC tissues and normal tis-
sues (a), the association of KRAS with the prognosis of PC patients
(b), and the correlation of KRAS expression and LINC01420 level
in PC tissues (c) were all provided by TCGA database. d Relative
expression of KRAS in LINC01420-silenced PANC-1 and BXPC-3
cells was tested using QRT-PCR. e qRT-PCR result of KRAS level
in PANC-1 cells upon different transfections. f The protein levels of
KRAS and its downstream proteins were estimated by conducting
Western blot. g, h Cell proliferation in the indicated PANC-1 cells
was determined through performing MTT and EdU assays. i The
level of E-cadherin, N-cadherin, and Vimentin in indicated PC cells
was assessed by western blot. ¥*P <0.05, **P <0.01

PC tissues (Fig. 3c). Therefore, we intensely suspected that
LINCO01420 had a regulatory effect on KRAS and it might
function in PC through a KRAS-mediated pathway.

To prove the above speculation, we then probed whether
LINCO01420 could modulate KRAS expression in PC cells.
As aresult, KRAS expression was strikingly decreased in
LINCO01420-silenced PANC-1 and BXPC-3 cells (Fig. 3d).
However, such inhibitory effect was then revived in
response to forced KRAS expression (Fig. 3e). Addition-
ally, the protein level of KRAS and the phosphorylation
levels of its downstream proteins were all restrained in
face of LINCO01420 depletion but recovered in the con-
text of KRAS overexpression (Fig. 3f), verifying that
LINCO01420 influenced KRAS signaling in PC through
directly regulating KRAS expression. More importantly,
both the confined viability and proliferative ability in
PANC-1 cells upon LINC01420 suppression were poten-
tiated under KRAS upregulation (Fig. 3g, h). Meanwhile,
LINCO01420 inhibition-suppressed EMT was apparently
reversed in the context of KRAS upregulation (Fig. 31). In
sum, we revealed that LINC01420 promotes PC progres-
sion through targeting KRAS pathway.

LINC01420 Contributes to KRAS Expression Through
Interacting with MYC

Further, we explored the detailed mechanism by which
LINCO01420 affected KRAS expression. Firstly, the online
TRRUST version 2 (https://www.grnpedia.org/trrust/resul
t_tonly.php?gene=KRAS &species=human&confirm=0)
and UCSC implied that MYC was the transcription fac-
tor (TF) of KRAS, which has been recognized previously
[18]. Besides, a recent report explained that the interac-
tion of IncRNAs with MYC intensifies the occupancy of
MYC on its target promoters [19]. Also, the online RPISeq
(http://pridb.gdcb.iastate.edu/RPISeq/) predicted a high
potential for LINC01420 to interact with MYC protein.
Hence, we deduced that LINC01420 might regulate KRAS
through a similar manner.
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In order to validate our inference above, our priority
was to confirm the transcriptional regulation of MYC on
KRAS in PC cells. As expected, a notable binding of MYC
to KRAS promoter was revealed in all the four PC cells
(Fig. 4a and Fig. S1A). Importantly, it was proved that
the luciferase activity of KRAS promoter was consider-
ably enhanced in response to MYC upregulation (Fig. 4b).
Next, over half of LINC01420 was shown to locate in the
nucleus of the two PC cells, which further intensified
the potential of LINC01420-MYC interaction in nucleus
(Fig. 4c). Unsurprisingly, we observed the apparent pres-
ence of LINC01420 in the immunoprecipitates of anti-
MYC rather than that of anti-IgG in these four PC cells
(Fig. 4d and Fig. S1B). Intriguingly, the amount of KRAS
promoter precipitated by MYC antibody was sharply
erased in face of LINC01420 knockdown in four kinds of
PC cells (Fig. 4e, f and Fig. S1C-D). All in all, we draw
a conclusion that LINC01420 upregulates KRAS in PC
through facilitating the binding of MYC to KRAS pro-
moter via interacting with MYC protein.

LINC01420 Boosts MYC Expression in PC
by Sponging miR-494-3p

In depth, we wondered whether LINC01420 could impact
on MYC expression in PC cells in the meantime. Interest-
ingly, it was unmasked that the expression of MYC was
markedly declined in LINC01420-silenced PC cells (Fig. 5a
and Fig. S1E). However, we revealed LINC01420 had no
evident effect on MYC transcription in PC cells since the
luciferase activity of MYC promoter was almost unaffected
upon LINCO01420 inhibition (Fig. 5b). Given that nearly
40% of LINCO01420 was distributed in cytoplasm of PC
cells (Fig. 4c), we then guessed that LINC01420 might reg-
ulate MYC expression via a recently emerged competing
endogenous RNAs (ceRNAs) mechanism [7]. Fortunately,
miR-494-3p was predicted through bioinformatics analy-
sis to bind to both LINC01420 and MYC mRNA (Fig. 5¢).
Moreover, the competitive relationship between LINC01420
and MYC mRNA in the interaction with miR-494-3p was
further verified by luciferase reporter assays, as the lucif-
erase activity of both LINC01420-WT and MYC-WT was
reduced under miR-494-3p upregulation, while miR-494-3p
mimics-decreased luciferase activity of MYC-WT was par-
tially revived in the context of LINC01420 overexpression
(Fig. 5d, e). Furthermore, we also uncovered that the level
of MYC mRNA that was hindered by miR-494-3p mimics
was recovered in all the four PC cells in face of ectopic
expression of LINC01420 (Fig. 5f and Fig. S1F). Based on
these findings, we conclude that LINC01420 enhances MYC
expression in PC by miR-494-3p sequestration.


https://www.grnpedia.org/trrust/result_tonly.php%3fgene%3dKRAS%26species%3dhuman%26confirm%3d0
https://www.grnpedia.org/trrust/result_tonly.php%3fgene%3dKRAS%26species%3dhuman%26confirm%3d0
http://pridb.gdcb.iastate.edu/RPISeq/
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Fig.4 LINCO01420 facilitated MYC occupation on KRAS promoter
through interaction with MYC. a, b RIP and luciferase reporter assays
were carried out to confirm the transcriptional regulation of MYC on
KRAS. ¢ The levels of LINC01420 in the cytoplasm and the nucleus
of both PANC-1 and BXPC-3 cells were analyzed by qRT-PCR.d The

LINC01420 Facilitates PC Tumor Growth In Vivo

Last but not least, we carried out in vivo experiments to
further certify the in vitro observations above. As seen
from Fig. 6a, tumors originated from LINC01420-depleted
BXPC-3 cells were smaller in size than those from shCtrl-
transfected control cells. Also, LINC01420 knockdown led
to lightened tumor weight in comparison with control group
(Fig. 6b). Then, we delineated that the expression mRNA
levels of MYC and KRAS were both lessened in tumors with
silenced LINC01420 expression (Fig. 6¢). More importantly,
the staining of Ki67 was remarkably abrogated in tumors
with LINC01420 suppression (Fig. 6d), directly proving
the impairment of LINC01420 on cell proliferation in PC
tumors. Hence, we testified that LINC01420 aggravates PC
tumor growth in vivo.

interaction of LINC01420 and MYC in two PC cells was confirmed
using RIP assay. e, f The impact of LINC01420 on MYC bound to
KRAS promoter was assessed by using RIP assays in both PANC-1
and BXPC-3 cells. *P <0.05, **P <0.01, ***P <0.001

Discussion

Recently, mounting researches have indicated the participa-
tion of IncRNAs in the initiation and progression of a myriad
of human cancers including PC [20, 21]. As an example,
IncRNA GLS-AS controls GLS-mediated metabolism and
inhibits PC progression [22]. LncRNA-BX111 aggravates
PC metastasis and progression via regulating ZEB1 tran-
scription [23]. LncRNA HOTTIP mediates PC stem cell
properties through regulating HOXAO9 [24]. In the present
study, we elucidated that LINC01420, a recently identified
oncogene in nasopharyngeal carcinoma [15], was also highly
expressed in PC and functioned as a facilitator for both the
in vitro PC cell proliferation and EMT process and in vivo
tumor growth. The precise role of LINC01420 was, for the
first time, disclosed by our paper.

KRAS proto-oncogene (KRAS) is a member of the small
GTPase superfamily that is implicated in various malignan-
cies, including lung adenocarcinoma, mucinous adenoma,
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colorectal carcinoma, and PC [25-28]. Shockingly, KRAS
mutants are proved as a key driver of PC and its muta-
tion occurs in more than 95% PC patients [29]. Moreover,

@ Springer

result of the expression levels of LINC01420, MYC, and KRAS in
tumors with or without LINC01420 depletion. d IHC assay was car-
ried out to measure Ki67 staining in tumors from these two groups.
*#P<0.01

Mueller et al. [30] revealed that the dosage of KRAS could
affect PC phenotypes, and Kamerkar et al. [31] suggested
that KRAS could be an effective therapeutic target for PC.
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Besides, the association of IncRNA, KRAS, and PC has
also been uncovered before [32]. For instance, IncRNA-
NUTF2P3-001 promotes PC tumorigenesis by targeting the
miR-3923/KRAS axis [33]. LncRNA MALAT]1 serves as a
ceRNA to regulate KRAS expression by absorbing miR-217
in PC [34]. Thus, we sought to probe the possible correla-
tion between LINC01420 and KRAS in PC. Currently, we
elaborated that LINC01420-facilitated PC cell proliferation
was mediated by KRAS-dependent pathway. Even more
strikingly, our results explained that nuclear LINC01420
regulated KRAS expression in PC through interacting with
MYC, a TF of KRAS validated previously [18]. LINC01420
promoted the binding of MYC to KRAS promoter, therefore
stimulating KRAS expression at transcriptional level. Such
interaction between LINC01420 and MYC was similar with
a latest report [19].

Recently, IncRNAs in the cytoplasm have been increas-
ingly suggested as a ceRNA to regulate gene expression at
post-transcriptional level by competitively binding with
miRNAs [35]. Here, we proved that MYC could be regulated
by LINC01420 through post-transcriptional manner rather
than transcriptional manner. Experimental data unveiled that
the cytoplasmic LINC01420 positively modulated MYC
expression in PC cells through acting as a sponge of miR-
494-3p, a miRNA that exerts different function in diverse
carcinomas [36-38]. Also, the negative regulation of miR-
494 in PC has previously been reported by Li et al. [39].

Conclusively, this study disclosed that LINC01420
sponges miR-494-3p to elevate MYC expression in the cyto-
plasm and interacts with c-MYC protein to trigger KRAS
expression in the nucleus, thus exerting a tumor promotion
effect on PC tumorigenesis. Our study displayed the high
potential of LINC01420 as an effective therapeutic molecu-
lar target for PC treatment. Yet, whether LINC01420 has
the clinical application value needs to be further confirmed
in future studies. Recently, tumor microenvironment has
become a hotpot in cancer research. Further studies will also
focus on searching feasible axes underlying LINC01420 in
tumor microenvironment, e.g., stromal components.
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