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Abstract. - OBJECTIVE: Cancer suscepti-
bility 19 (CASC19), a crucial IncRNA associat-
ed with multiple cancers, has been reported to
play a vital role in the progression of human ma-
lignant tumors. However, the underlying mecha-
nism of CASC19 in pancreatic cancer (PC) was
still unknown. The purpose of this study was to
explore the biological and clinical significance
of CASC19 in PC.

PATIENTS AND METHODS: RT-qPCR assay
was adopted to analyze CASC19 expression
in PC tissues and cell lines. Furthermore, the
correlation between the CASC19 level and the
survival rate of PC patients was assessed by
Kaplan-Meier analysis. Bioinformatics analysis
and Luciferase reporter assay were utilized to
confirm the interaction between miR-148b and
CASC19 or E2F7. Cell viability, migration, inva-
sion, and apoptosis were analyzed using MTT,
transwell, and TUNEL assays.

RESULTS: The results elucidated that CASC19
expression was markedly increased in PC tis-
sues and cell lines. Patients with high expres-
sion of CASC19 had a short survival time. Silenc-
ing of CASC19 attenuated PC cell proliferation,
migration, and invasion. Moreover, we identified
that miR-148b was a target of CASC19. CASC19
was negatively correlated with miR-148b and
positively correlated with E2F7. The inhibitory
effect of CASC19 knockdown on the progres-
sion of PC was reversed by the down-regulation
of miR-148b or up-regulation of E2F7.

CONCLUSIONS: These results demonstrated
that CASC19 participated in the development of
PC. The CASC19/miR-148b/E2F7 axis might be a
new study direction for PC treatment.
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Introduction

Pancreatic cancer (PC) is a kind of malignant
tumor with a high mortality rate'. Although ad-
vances in PC therapy, containing surgery and
chemotherapy, the 5-year survival rate of PC
patients remains low due to the early metastasis®.
Therefore, it is critical to identify the molecular
mechanism of PC development®.

Long noncoding RNAs (IncRNAs) are a group
of no protein-coding RNAs with over 200 nts in
length** and they are involved in the occurrence
and metastasis of various cancers®. Accumulating
researches have revealed that IncRNA CASCI19
might serve as an oncogene to promote the pro-
gression of various cancers. LncRNA CASC19
promoted gastric cancer progression’. LncRNA
CASCI19 sponged miR-140-5p to regulate CE-
MIP expression in colorectal cancer®. However,
the underlying role of CASCI19 in PC remained
unclear.

MicroRNAs (miRNAs) are a group of non-cod-
ing RNAs, which regulate gene expression
through binding with the 3'-UTR of mRNASs’.
Aberrant expression of miRNAs played a cru-
cial role in the progression of cancers, including
PC!*!!, MiR-148b has been reported to be in-
volved in the regulation of various cancers. For
instance, miR-148b repressed non-small cell lung
carcinoma development by suppressing ALCAM
through the NF-kB pathway'?. MiR-148b atten-
uated renal carcinoma cell growth and invasion
by modulating FGF2'3. Nevertheless, there are no
reports on the role of miR-148b in PC.

Our study investigated the expression of
CASCI19 and its regulatory mechanism in PC.
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Results indicated that CASC19 contributed to PC
progression via regulating the miR-148b/E2F7
pathway.

Patients and Methods

Tissue Samples

20 pairs of PC tissues and paracancerous tis-
sues were obtained from the First Affiliated Hos-
pital with Nanjing Medical University and im-
mediately frozen in liquid nitrogen and stored at
—80°C. Patients were selected by the following
inclusion criteria: (1) all patients underwent stan-
dard resection; (2) all patients did not receive
chemotherapy or radiotherapy preoperatively or
postoperatively. The exclusion criteria were as
follows: patients receive any therapy such as ra-
diotherapy and chemotherapy. Written consents
from all patients were collected before this work.
This study was approved by the Ethics Commit-
tee of the First Affiliated Hospital with Nanjing
Medical University.

Cell Culture

Human PC cells (SW1990, PaCa-2, and AsPC-1)
and the normal human pancreatic epithelial cells
(HPDEG6-C7) were obtained from the American
Type Culture Collection (ATCC, Manassas, VA,
USA). Cells were cultured in Roswell Park Memo-
rial Institute-1640 (RPMI-1640) medium (Thermo
Fisher Scientific, Waltham, MA, USA) supplement-
ed with 10% fetal bovine serum (FBS; HyClone,
South Logan, UT, USA) at 37°C with 5% CO,.

Cell Transfection

The short-hairpin RNA (shRNA) targeting
CASCI19 (shCASC19) or shNC were synthesized
by GenePharma (Shanghai, China). miR-148b
mimics or inhibitor, NC mimic or NC inhibitor,
and pcDNA3.1/E2F7 and pcDNA3.1 were pur-
chased from RiboBio (Guangzhou, China). Cell
transfection was performed by Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA).

RT-gPCR Assay

Total RNAs were isolated using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). The PrimeS-
cript RT reagent kit (TaKaRa, Otsu, Shiga, Japan)
was used to synthesize cDNA. Then, RT-qPCR
was performed on the ABI 7500 real-time PCR
System (Applied Biosystems, Foster City, CA,
USA) with an SYBR-Green PCR Master Mix
kit (TaKaRa, Dalian, China). The relative

expression of genes was calculated using 2~
AACt method with normalization to U6 and
GAPDH. The primers were presented as fol-
lows: CASC19 forward, 5'-CCATTGAAGATAC-
CACGCTGC-3' and reverse, 5- GGTTGTTG-
CCCAGGGTAGTG-3 miR-148b  forward,
5-TCTCTGGGCCTGTGTCTTAGGC-3' and re-
verse, 5-CAGTGCGTGTCGTGGAGT-3"; E2F7
forward, 5-CGGCAACGCATTGTGGA-3' and
reverse, 5"-TCCTGGGCTCAGAGATTTGC;
GAPDH forward, 5- GTCAACGGATTTG-
GTCTGTATT-3’ and reverse, 5- AGTCTTCT-
GGGTGGCAGTGAAT-3’; and U6 forward, 5’-
AGAGAGATTACATGGCCCCT-3’ and reverse,
5’- CTAATGTCACGCACGATTCT-3".

Dimethyl Hiazolyl Diphenyl
Tetrazolium (MTT) Assay

Transfected cells were seeded in a 96-well
plate cultured overnight. Then, 10 pL of MTT
solution (Bioswamp, Wuhan, China) was added
and cells were cultured at 37°C for 4 hours. The
absorbance was measured at 450 nm utilizing a
microplate reader (Bio-Rad, Hercules, CA, USA).

TUNEL Assay

TUNEL apoptosis kit (Roche, Mannheim,
Germany) was employed to assess the number
of apoptotic cells. After ethanol dehydration,
SW1990 and PaCa-2 cells were dyed and incubat-
ed with TUNEL reaction mixture (Roche, Mann-
heim, Germany). The nuclear staining was per-
formed with DAPI. A microscope (BX41, Olym-
pus, Japan) was utilized to observe TUNEL-pos-
itive cells.

Transwell Assay

Cell migration and invasion abilities were
evaluated using transwell chambers (pore size
of 8 um; Corning, Lowell, MA, USA). For the
migration assay, transfected cells were suspend-
ed in serum-free medium and added into the
upper chamber. The bottom chambers were cov-
ered with complete RPMI-1640 medium (RP-
MI-1640; HyClone, South Logan, UT, USA).
After 48 h, cells in the lower chamber were fixed
and stained using crystal violet. Cell invasion
was assessed similarly with cell migration, ex-
cept that the insert membranes were pre-coated
with Matrigel (BD, Franklin Lakes, NJ, USA).
Finally, migrated and invaded cells were count-
ed under a microscope (Olympus Corporation,
Tokyo, Japan).
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Luciferase Reporter Assay

The CASCI9-WT/Mut and E2F7-WT/Mut
were synthesized and cloned into the pmirGLO
vectors (Promega, Madison, WI, USA). MiR-
148b mimics or NC mimics were co-transfected
with these above reporter vectors into 293T cells.
After 48h co-transfection, the relative luciferase
activity was monitored using the dual-luciferase
reporter system (Promega, Madison, WI, USA).

Pull-Down Assay

Cells were transfected with biotin-labeled
CASC19 (Bio-CASC19 -Wt or Bio-CASC19-Mut)
and their NC (Bio-NC) were purchased from Ri-
boBio (Guangzhou, China). After 48 h, the cells
were lysed in lysis buffer (Invitrogen, Carlsbad,
CA, USA) and the lysate was incubated with
streptavidin magnetic beads (Sigma-Aldrich, St.
Louis, MO, USA) pre-treated with RNase-free
BSA. After elution, RT-qPCR analysis was em-
ployed to analyze miR-148b level.

Statistical Analysis

Data were processed through SPSS 19.0 (SPSS
IBM, Armonk, NY, USA), and presented as
the mean =+ standard deviation (SD) from three
groups of independent data. Comparisons be-
tween two groups were performed by a Student’s
t-test. Comparisons among the three groups were
analyzed using one-way ANOVA followed by
Tukey’s test. Pearson’s correlation analysis was
used to conduct the correlations among genes.
The overall survival was used estimated by Ka-
plan-Meier analysis and log-rank test. p < 0.05
was defined as statistically significant.

Results

CASC19 Expression Was Up-Regulated
in PC Tissues and Cells

To determine whether CASCI9 was abnor-
mally expressed in PC tissues and cell lines,
RT-gPCR was employed to detect CASC19 ex-
pression. Results revealed that CASCI19 level
was remarkably elevated in PC tissues and cell
lines (SW1990, PaCa-2, and AsPC-1) (Figure 1A
and B). Besides, Kaplan-Meier analysis demon-
strated that patients with high expression of
CASC19 had a shorter overall survival time
compared with those with low expression of
CASC19 (Figure 1C). Taken together, these re-
sults suggested that CASC19 was dysregulated
in PC, and the up-regulation of CASC19 predict-
ed poor prognosis in PC.

CASC19 Deletion Suppressed
PC Development

To further explore the potential biological
role of CASC19 in PC progression, SW1990 and
PaCa-2 cells were transfected with shCASC19
or shNC. RT-qPCR indicated the expression
of CASC19 was significantly decreased in PC
cells transfected with shCASC19 (Figure 2A).
Subsequently, MTT assay revealed that CASC19
knockdown inhibited the proliferation of PC
cells (Figure 2B). Meanwhile, the apoptosis of
SW1990 and PaCa-2 cells was promoted by
the silence of CASC19 (Figure 2C). Moreover,
down-regulated CASCI19 extremely suppressed
the migration and invasion of SWI1990 and
PaCa-2 cells (Figure 2D and E). All the above
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Figure 1. CASC19 expression was enhanced in PC tissues and cells. A, B, RT-qPCR showed the relative CASC19 expression
in PC tissues and PC cell lines (SW1990, PaCa-2 and AsPC-1) compared with normal tissues and normal pancreatic duct
epithelial cell line (HPDE6-C7). C, Kaplan-Meier survival analysis was employed to analyze the correlation between CASC19

expression and overall survival. *p<0.05.
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Figure 2. CASC19 deletion suppressed PC development. A, RT-qPCR was used to determine CASC19 expression in SW1990
and PaCa-2 cells transfected with shCASC19 or shNC. B, Cell viability was performed using MTT assay in SW1990 and PaCa-
2 cells transfected with shCASC19 or shNC. C, TUNEL assay was conducted to verify cell apoptosis in SW1990 and PaCa-2
cells after CASC19 silence (magnification x 40). D, E, Transwell assay was performed to assess cell migration and invasion
in SW1990 and PaCa-2 cells after suppressing CASC19 (magnification x 40). *p<0.05.

results demonstrated that CASC19 knockdown
attenuated PC progression.

CASC19 Directly Interacted With
MiR-148b in PC

Through using StarBase, we found that there
was a binding site between miR-148b and CASC19
(Figure 3A). Luciferase reporter assay demon-
strated that miR-148b overexpression decreased
the Luciferase activity of CASC19-Wt, but had no
effect on the Luciferase activity of CASC19-Mut
reporter in 293T cells (Figure 3B). Moreover,
CASCI19 pull-down in SW1990 and PaCa-2 cells
was remarkably enriched for miR-148b compared
with the Beads and CASCI19-Mut (Figure 3C
and D). Then, RT-qPCR assay showed that the
expression of miR-148b was reduced in PC tis-
sues and cells (Figure 3E and F). Meanwhile, we
confirm that CASC19 was negatively correlated

with miR-148b in PC tissues (Figure 3G). In
addition, knockdown of CASC19 enhanced miR-
148b expression, and overexpression of miR-148b
reduced CASCI19 level (Figure 3H and I). Based
on these results, we clarified that CASC19 direct-
ly bound with miR-148b and negatively regulated
miR-148b expression in PC.

CASC19 Knockdown Inhibited
Metastasis and Promoted Apoptosis of
PC Cells Through Sponging MiR-148b
Initially, miR-148b expression was marked-
ly downregulated after transfected with miR-
148b inhibitor in SW1990 cells (Figure 4A).
Then, to verify whether miR-148b participated
in CASC19-mediated PC progression, sh-NC,
shCASC19, and shCASC19+miR-148b inhibitor
were transfected into SW1990 cells. Function-
al assays revealed that CASC19 knockdown-in-
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Figure 3. CASC19 was a sponge of miR-148b in PC cells. A, Binding sequences between CASC19 and miR-148b were
predicted by starBase bioinformatic analysis website. B, Dual-Luciferase reporter assay showed Luciferase activity of
CASC19-Wt or CASC19-Mut in 293T cells transfected with NC mimics or miR-148b mimics. C, D, RT-qPCR assay was
applied to assess the enrichment of miR-148b in samples pulled down by bio-labelled CASC19 or negative control in SW1990
and PaCa-2 cells. E, F, RT-qPCR assay was employed to assess miR-148b expression in PC tissues and cell lines. G, Pearson
correlation analysis of the correlation of CASC19 with miR-148b expression in PC tissues. H, I, RT-qPCR showed the relative
expression of miR-148b in SW1990 and PaCa-2 cells transfected with shCASC19, and the relative expression of CASC19
transfected with miR-148b mimics. *p<0.05.

duced inhibition of cell viability, migration, and
invasion was neutralized by down-regulated miR-
148b (Figure 4B-D). TUNEL assay showed that
miR-148b inhibition reversed the promoting ef-
fect of CASC19 silence on apoptosis of SW1990
cells (Figure 4E). In sum, CASC19 deletion sup-
pressed PC progression via sponging miR-148b.

EZ2F7 Targeted MiR-148b in PC Cells

With the assistance of starBase, E2F7 was
predicted to be a potential target of miR-148b in
PC cells (Figure 5A). Dual-Luciferase reporter
assay discovered that miR-148b mimics mark-
edly reduced the Luciferase activity of E2F7-
Wt, while no effect on the Luciferase activity
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Figure 4. CASC19 knockdown inhibited cell metastasis and apoptosis of PC through sponging miR-148b. A, RT-qPCR
assay showed miR-148b expression transfected with miR-148b inhibitor. B-D, MTT and transwell assays (magnification
x 40) showed cell proliferation, migration and invasion ability of SW1990 cells transfected with shNC, shCASC19 and
shCASC19+miR-148b inhibitor. E, TUNEL assay was conducted to verify cell apoptosis in SW1990 cells after transfected
with sh-NC, shCASC19 and shCASC19+miR-148b inhibitor (magnification x 40). *p<0.05.

of cells with E2F7-Mut (Figure 5B), suggesting
that miR-148b directly interacted with E2F7.
Furthermore, RT-qPCR results revealed that
E2F7 expression was significantly increased in
PC tissues and cell lines (Figure 5C and D). In
addition, we observed that miR-148b expression
was negatively correlated with E2F7 expression
in PC tissues (Figure 5E). In addition, it was
demonstrated that the expression of E2F7 was
repressed by overexpression of miR-148b mim-
ics, which could be restored by E2F7 overex-
pression in SW1990 cells (Figure 5F), implying
that miR-148b inhibited the expression of E2F7
through direct interaction.

Silence of CASC19 Repressed PC Cell
Progression Through Modulating EZF7
To explore whether CASC19 regulated E2F7
through miR-148b, SW1990 cells were trans-
fected with shNC, shCASC19, shCASC19+E2F7.
First, we found that E2F7 expression was in-

creased in SW1990 cells transfected with pcD-
NA3.1/E2F7 (Figure 6A). Subsequently, we dis-
covered that E2F7 expression was suppressed by
CASCI19 silence, while the suppression was neu-
tralized by E2F7 overexpression in SW1990 cells
(Figure 6B). Furthermore, rescue experiments
showed that E2F7 overexpression reversed the
inhibitory effects of CASC19 knockdown-in-
duced on viability, migration, and invasion of
SW1990 cells (Figure 6C-E). Furthermore, the
up-regulation of E2F7 eliminated the promot-
ing effect of CASC19 deletion on cell apopto-
sis (Figure 6F). Therefore, we illustrated that
CASCI19 knockdown inhibited PC progression
by down-regulated E2F7.

Discussion

LncRNAs participate in the regulation of tu-
morigenesis and development. Accumulating

10467
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Figure 5. E2F7 targeted miR-148b in PC cells. A, Binding sequences between E2F7 and miR-148b were predicted by
starBase bioinformatic analysis website. B, Dual-Luciferase reporter assay showed Luciferase activity of E2F7-Wt or E2F7-
Mut in 293T cells transfected with NC mimics or miR-148b mimics. C, D, RT-qPCR assay showed E2F7 expression in PC
tissues and cell lines. E, Pearson correlation analysis of the correlation of E2F7 with miR-148b expression in PC tissues.
F, RT-qPCR showed the relative expression of E2F7 in SW1990 cells transfected with NC mimics, miR-148b mimics, and

miR-148b mimics + E2F7. *p<0.05.

IncRNAs have been found to implicate in PC
progression by acting as an oncogene or tumor
suppressor. Of note, IncRNA SNHGI16 acted as
an oncogene and promoted cell metastasis via
sponging miR-200a-3p in PC'*. LncRNA NEATI1
contributed to cell proliferation and metastasis
via stabilizing ELF3 in PC!¢. LNC00673 inhibited
proliferation and migration through regulating
the miR-504/HNF1A axis in PC". All the data
manifested that IncRNA played an essential reg-
ulatory role in PC development.

CASCI19 was reported to be a tumor-related
IncRNA. For example, CASC19 regulated miR-
449b-5p expression on the proliferation and apop-
tosis of cervical cancer cells'®. LncRNA CASC19
sponged miR-532 and promoted clear cell renal
cell carcinoma development via up-regulating
ETS1”. Nevertheless, the molecular mechanism
of CASCI19 in PC needs to be further explored.
In the current study, we demonstrated that the ex-
pression of CASC19 was enhanced in PC tissues

and cells. CASC19 knockdown attenuated PC cell
viability, migration, invasion, and induced apop-
tosis. Taken together, CASC19 could facilitate PC
development.

Competing endogenous RNA (ceRNA) net-
work exhibits its regulatory function in hu-
man cancers**?!, So, IncRNA NCKI1-ASI acted
as a ceRNA to promote glioma development
via sponging miR-138-2 and up-regulating
TRIM24*2. LncRNA DGUOK-ASI1 functioned
as a ceRNA of miR-653-5p to facilitate cell
proliferation in cervical cancer?. In this study,
our results identified that miR-148b directly
targeted CASC19. Silence of CASC19 elevated
the expression of miR-148b in SW1990 and Pa-
Ca-2 cells, and transfection of miR-148b mimics
down-regulated CASC19, which indicated that
CASC19 was negatively correlated with miR-
148b. Rescue experiments displayed that the
inhibitory effect of silencing CASC19 on cell
viability, migration, and invasion was offset by
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Figure 6. Silence of CASC19 repressed PC progression through modulating E2F7. A, RT-qPCR assay showed E2F7 expression
in SW1990 cells transfected with pcDNA3.1/E2F7. B, RT-qPCR assay showed E2F7 expression in SW1990 cells transfected
with shNC, shCASC19, and shCASC19+pcDNA3.1/E2F7. C-E, MTT and transwell assays (magnification x 40) showed cell
proliferation, migration and invasion ability of SW1990 cells transfected with shNC, shCASC19, and shCASC19+pcDNA3.1/
E2F7. F, TUNEL assay was conducted to verify cell apoptosis in SW1990 cells after transfected with shNC, shCASC19, and
shCASC19+pcDNA3.1/E2F7 (magnification x 40). *p<0.05.

miR-126 inhibitor. Furthermore, cell apoptosis E2F transcription factor 7 (E2F7) has been
was promoted by CASCI9 knockdown but re- reported to participate in the progression of
versed by miR-148b inhibitor. All these findings malignancies®. Ye et al*® revealed that MiR-
demonstrated that CASC19 modulated PC pro- 30a-5p attenuated cell proliferation and metas-
gression via sponging miR-148b. tasis of gallbladder cancer through targeting
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E2F7. Guo et al*® elucidated that MiR-30a
functioned as a tumor suppressor by targeting
E2F7 to inhibit papillary thyroid cancer cell
metastasis. In the present study, we found that
miR-148 negatively regulated E2F7 expression
by direct interaction, and CASC19 positively
regulated the E2F7 expression, indicating the
CASCI9 could act as a ceRNA for miR-148b
to upregulate E2F7 expression. Furthermore,
gain-of-function assays revealed that E2F7
overexpression rescued the inhibitory effects
on PC progression caused by CASC19 knock-
down. Taken together, the results demonstrated
that CASC19 accelerated development and pro-
gression of PC by positively regulating E2F7
through sponging miR-148b.

Conclusions

Our study first reported the potential molec-
ular mechanisms of CASC19 in PC progression.
The results illustrated that CASC19 promoted
the tumorigenesis of PC by acting as a sponge
for miR-148b and upregulating E2F7 expression,
which might serve as a potential therapeutic tar-
get for PC.
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