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Background: Ulcerative colitis (UC) has become one of the fastest-growing severe diseases
worldwide with high morbidity. This research aimed to explore the function of IncRNA
UCALI in UC progression.

Methods: RT-qPCR analysis was used to examine the expression of UCA1 level in colonic
mucosa tissues of UC patients. Then, fetal human cells (FHCs) were stimulated by LPS to
induce inflammatory injury. CCK-8, flow cytometry and ELISA were adopted to determine
the influence of UCA1 depletion on cell viability, apoptosis and pro-inflammatory factors
levels in LPS-induced FHCs. The interaction between UCA1 and miR-331-3p or BRD4 was
confirmed by luciferase reporter assay. The expressions of key factors involved in NF-kB
pathway were assessed by Western blotting.

Results: LncRNA UCA1 level was elevated in colonic mucosa tissues of UC patients. LPS
stimulation restrained cell viability and promoted the apoptosis and inflammatory factors
levels, thus inducing FHCs inflammatory injury, while these effects were partially abolished
by UCA1 knockdown. Moreover, it was found that UCAL1 silence improved LPS-triggered
cell injury via miR-331-3p. In addition, BRD4 was directly targeted by miR-331-3p, and
BRD4 deficiency neutralized the effects of miR-331-3p repression on LPS-triggered injury in
LPS-treated FHCs.

Conclusion: Our data determined that UCA1 knockdown attenuated UC development via
targeting the miR-331-3p/BRD4/NF-kB pathway.
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Introduction

Ulcerative colitis (UC) is a chronic idiopathic inflammatory disease of the rectal
and colonic mucosa,'? and the incidence of UC is rising rapidly in Asian countries,
especially China.> Desp1te several pathogenic factors, such as viral and bacterial
infection, autoimmunity, and vascular injury, have been indicated to contribute to
the occurrence and development of UC,>® the molecular and pathophysiological
mechanisms of UC are not fully understood.

Long noncoding RNAs (IncRNAs) are a subset of ncRNAs with a transcription
length of >200 nts and lack protein-coding capacity.” Abundant evidence has revealed
that IncRNAs are involved in UC development. For example, IncRNA TUGI atte-
nuated intestinal epithelial cell apoptosis and UC progression through modulating
miR-29b-3p/CDK2 axis.® LncRNA MEG3 supplementation relieved the serve ulcera-

tion of UC rat colons via increasing IL-10 level by targeting miR-98-5p.” UCALI is
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located in chromosome 19p13, which was first uncovered as
a new IncRNA gene significantly upregulated in bladder
carcinoma using RT-qPCR by Wang.'® Recent research has
reported that UCALI is upregulated by NT/NTR1 activation
in human colonocytes and overexpressed in the colonic
mucosa from UC patients.'’ Nevertheless, the mechanism
of UCALI in UC remains unknown.

MiRNAs are another category of ncRNAs of ~23 nts in
length that serve as a regulatory role in cells via directly
interacting with the 3'-UTR of target mRNAs, leading to
mRNA degradation or posttranscriptional suppression.'
Several studies suggested that miRNAs play crucial roles
in the incidence and development of UC. For instance,
miR-142-5p improved the intestinal inflammation of
active-UC patients by decreasing SOCSI1 expression.'?
miRNA-650 contributed to inflammation-induced cell
apoptosis in UC by regulating NLRP6."* miR-331-3p
was uncovered to be involved in the inflammatory
response processes of multiple diseases. Nie et al exhibited
that miR-331-3p inhibits the levels of inflammatory factors
TNF-a and IL-6 after cerebral hemorrhage via targeting
NLRP6."> However, the function of miR-331-3p in the
regulation of inflammatory injury in UC is unclear.

The current research explored the role of UCALI in
LPS-triggered injury in FHCs to deepen the understanding
of the molecular mechanism of UC.

Materials and Methods

Patient Tissue Samples

This study was approved by The Affiliated Changzhou
No.2 People’s Hospital of Nanjing Medical University
Ethics Committee and conducted in accordance with the
Declaration of Helsinki. Colonic mucosa pinch biopsies
were obtained from the sigmoid colons of 46 UC patients
(severe condition; gender: 28 males and 18 females; age:
44 to 61 years; meant SD: 50.5+8.7 years) and 46
healthy controls (gender: 29 males and 17 females; age:
45 to 54 years; meant SD: 52.3+11.3 years) as described
previously.'® Biopsies were deposited at —80 °C. Before
collection, informed consent from all patients was
gained.

Cell Culture

Human colorectal FHCs were obtained from the ATCC
(Manassas, VA, USA) and cultured in DMEM (Solarbio,
Beijing, China) supplemented with 10% FBS (Gibco,
Carlsbad, CA), 100 mg/mL streptomycin and 100U/mL

penicillin at 37°C with 5% CO,. LPS (1, 3, 6, 8, and 10
ng/mL, Solarbio, Beijing, China) was used to stimulate
FHCs for 24 h.

Cell Transfection

Short-hairpin - RNA against UCA1 (shUCAIL; 5'-
GCCCCUCAGCAGUCCAGCCAU-3") or BRD4
(shBRD4; 5'-AGCAUUUUGCUUCUUGAUGUU-3') and
their negative control (shNC; 5'-AACAGUCGCGUUUG
CGACUGG-3'), miR-331-3p mimics (5'-ACAGCAGGC
ACAGACAGGCAGU-3") or NC mimics (5-CGAUC
GCAUCAGCAUCGAUUGC-3') and miR-331-3p inhibi-
tor (5-ACUGAAUGUCUGUGCCUGCUGU-3') or NC
inhibitor (5'-CUAACGCAUGCACAGUCGUACG-3),
pcDNA3.1, pcDNA3.1/UCA1
GenePharma (Shanghai, China). Cell transfection was per-

were synthesized by

formed using Lipofectamine® 3000 (Invitrogen).

CCK-8 Assay

FHCs (1x10°/mL) were seeded in 96-well plates. After
LPS treatments, FHCs in each well were incubated
with 100 pL/mL medium, CCK-8 reagent (Sigma,
USA) was added into each well for 2 h. Then, the
OD value at 450 nm was assessed via a microplate
reader (Bio-Rad).

RT-gPCR Assay

Total RNA from patient tissues or FHCs was harvested
was extracted using TRIzol® reagent (Invitrogen) and then
reverse-transcribed into ¢cDNA using SuperScript IV
Reverse Transcriptase (Thermo Fisher Scientific, Inc.).
RT-qPCR was conducted using a TaqMan® Universal
PCR Master mix II (Thermo Fisher Scientific). The rela-
tive expression of RNAs (normalized to GAPDH or U6)
were analyzed using the 2729 method.'® The following
primer sequences were used: UCAl forward, 5'-C
TCTCCATTGGGTTCACCATTC-3' and reverse, 5'-
GCGGCAGGTCTTAAGAGATGAG-3'; miR-331-3p for-
ward, 5-CGTTTCTTCCTTGTAAGGA -3' and reverse,
5'-CCCAAGCTTGTTGGAGAACAGCAGCGAGGAC

-3'; BRD4 forward, 5- CACTGGGTTGGACCTTCGA-3’
and reverse, 5- CTTTGGTGGCTCAGGCTCT-3"
GAPDH forward, 5'-GACTCCACTCACGGCAA
ATTCA-3" and reverse, 5-TCGCTCCTGGAAGATGG
TGAT-3’; U6 forward, 5'-GCTCGCTTCGGCAGCACA
-3" and reverse, 5'-GAGGTATTCGCACCAGAGGA-3'.
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Cell Apoptosis Assay

FHCs were seeded in 6-well plates. After 48 h of
transfection and LPS treatment, FHCs were incubated
with Annexin V-FITC and propidium iodide (PI) pro-
vided from the V-FITC/PI Apoptosis
Detection kit (Sigma-Aldrich, USA) for 30 min.
Apoptosis was measured using flow cytometry (BD
Biosciences, USA).

Annexin

ELISA
The productions of inflammatory cytokines IL-1p, IL-6

and TNF-a were tested by ELISA Kkits
Jiancheng Bioengineering Institute, Nanjing, China).

(Nanjing

Western Blotting

FHCs were lysed in protein lysis buffer (Sigma-
Aldrich). Total protein was resolved by 10% SDS-
PAGE and transferred to PVDF membranes
(Millipore). Membranes were blocked with 5% fat-
free milk and then incubated at 4°C overnight with
primary antibodies against BRD4, phosphorylated P65
(p-P65), P65, IkB-o,
(p-IxB-a). Then, the membranes were incubated with
secondary antibodies. ECL (Sigma-Aldrich, USA) was
for visualized the protein bands and analyzed using
Image Lab ™ Software (Bio-Rad).

and phosphorylated IxB-a

Luciferase Reporter Assay

The binding sites of UCAIl-wild-type (wt), UCAI-
mutant (mut), BRD4-wt and BRD4-mut were cloned
pmirGLO
Corporation). Then, FHCs were co-transfected with

into luciferase  vectors (Promega
the above vectors and miR-331-3p mimics using
Lipofectamine 3000 (Invitrogen). After 48h transfec-
tion, luciferase activities were evaluated by the Dual-

Luciferase Reporter Assay System (Promega).

Statistical Analysis

Data are presented as mean + SD, and the SPSS 19.0
statistical program was used for statistical analysis. The
correlation between miR-331-3p and UCAI levels was
correlation  analysis.

determined using Pearson’s

Differences between groups were compared using
Student #-test or the ANOVA followed by the Tukey post

hoc test. P < 0.05 was defined as statistically significant.

Results

UCAI Expression is Elevated in UC

Patients and LPS-Caused Injury in FHCs
To explore whether UCAL participated in UC progression, we
assessed the level of UCALI in colonic mucosa tissues of UC
patients. As displayed in Figure 1A, UCA1 was upregulated in
UC tissue samples, suggesting that UCA1 might promote UC
development. Moreover, it was observed that LPS treatment
increased UCA1 expression in FHCs (Figure 1B). Then, LPS-
induced FHCs were performed to simulate UC-triggered
inflammatory injury, the results indicated that the viability of
FHCs was inhibited, and cell apoptosis were promoted by LPS
stimulation (Figure 1C and D). Moreover, ELISA results
demonstrated that LPS treatment enhanced the levels of
inflammatory cytokines IL-1B, IL-6 and TNF-o in FHCs
(Figure 1E). These data implied that UCA1 level was enhanced
in UC patients and LPS treatment could induce injury in FHCs.
Due to 8 ng/mL LPS repressed ~50% FHCs viability,'” this
dose was used for subsequent experiments.

UCAI Deletion Accelerates Viability,

Suppresses Apoptosis and Cytokines

Production in LPS-Treated FHCs

To further determine the function of UCAI1 in UC, LPS-
stimulated FHCs were transfected with shUCA1 and the
knockdown efficiency was exhibited in Figure 2A. Then,
CCK-8 and flow cytometry assays demonstrated that LPS
treatment repressed FHCs viability and induced cell apopto-
sis, and these effects were reversed by UCAL silence (Figure
2B and C). Moreover, LPS induced the upregulation of IL-1f,
IL-6 and TNF-a was counteracted by UCAL1 deletion (Figure
2D). In sum, UCA1 knockdown relieved LPS-caused FHCs

injury.

UCAI Inhibition Improves LPS-Triggered
Cell Injury via Sponging miR-331-3p

Through searching the starBase software, UCA1 was pre-
dicted to bind with miR-331-3p (Figure 3A). Then, luciferase
reporter assays determined that the luciferase activity in
UCA1-wt group was decreased by miR-331-3p addition in
FHCs, while the activity in UCA1-mut group had no change
(Figure 3B). Moreover, RT-qPCR results elaborated that
miR-331-3p was downregulated in UC tissues (Figure 3C).
miR-331-3p level was decreased by UCA1 overexpression,
and was upregulated by UCA1 deletion in FHCs (Figure 3D).
In addition,

miR-331-3p expression was negatively
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Figure | UCAI expression was elevated in UC patients and LPS-caused injury in FHCs. (A) RT-qPCR showed the relative UCAI expression in colonic mucosa tissues of
UC patients compared with healthy controls. (B) RT-qPCR showed the expression of UCAI in FHCs stimulated by LPS. (C and D) CCK-8 and flow cytometry were used to
determine the viability and apoptosis in FHCs stimulated by LPS. (E) ELISA showed the production of inflammatory cytokines including TNF-a, IL-6 and IL-1f after LPS

treatments. ¥p<0.05.

correlated with UCAI1 (Figure 3E).
Furthermore, we demonstrated that miR-331-3p expression

in UC tissues

was elevated by miR-331-3p supplementation, which was
reduced by miR-331-3p silence in FHCs (Figure 3F).
Besides, UCA1 knockdown abrogated the effects of LPS
treatment on FHC viability, apoptosis and inflammatory cyto-
kines levels, while miR-331-3p deletion reversed these
effects (Figure 3G-I). These results implied that repression
of UCAI improved LPS-stimulated injury via regulating
miR-331-3p.

MiR-331-3p Regulates LPS-Triggered
Injury in LPS-Induced FHCs by
Modulating BRD4

To analyze miR-331-3p potential mechanism in UC,
starBase software was used to screen the potential targets

of miR-331-3p in UC. The binding sites in the 3'UTR
correspondent to miR-331-3p were exhibited in Figure
4A. Then, RT-qPCR and Western blotting manifested that
the mRNA and protein levels of BRD4 were decreased by
miR-331-3p addition, while its expression was enhanced
by miR-331-3p suppression (Figure 4B), determining that
miR-331-3p negatively modulated BRD4 level. Moreover,
luciferase reporter assay elaborated that the activity of
BRD4-wt was attenuated by miR-331-3p supplementation,
but the activity of BRD4-mt was no obvious changed
(Figure 4C). Furthermore, to explore whether miR-331-
3p modulated LPS-stimulated FHCs injury by targeting
BRD4. FHCs were stimulated by LPS and co-transfected
with NC inhibitor, miR-331-3p inhibitor and miR-331-3p
inhibitor+shBRD4. First, RT-qPCR and Western blotting
indicated that BRD4 was lowly expressed by BRD4 deple-
tion (Figure 4D). Then, BRD4 silence in LPS+miR-331-3p
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Figure 2 UCAI deletion accelerates viability, suppresses apoptosis and cytokines production in LPS-treated FHCs. (A) RT-qPCR was used to determine the relative UCAI
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inhibitor+shBRD4 group reversed the effects of miR-331-
3p inhibition on LPS-treated cell injury in LPS-induced
FHCs by facilitating cell viability, restraining the apopto-
sis, and reducing the levels of TNF-a, IL-6 and IL-1f
(Figure 4E-QG).
might aggravate LPS-triggered injury through modulating
BRD4.

Since NF-kB is a vital transcription factor in the regulation

Collectively, miR-331-3p deficiency

of immune response, and its role in UC pathogenesis has been
confirmed,'®'” we explored whether the NF-«B signaling was
one of the downstream targets of BRD4 in UC. We found that
BRD4 silence abrogated the increased levels of p-p65 and
p-IkBa caused by LPS treatment (Figure 4H), which revealed
BRD4 could activate the NF-kB signaling in LPS-treated
FHCs. These discoveries elaborated that UCA1 aggravated
LPS-triggered cell injury by modulating the miR-331-3p/NF-
kB axis in UC.

Discussion

UC has become one of the fastest-growing serious diseases
and with a high incidence rate in the world.?’ Despite UC
is not fatal, it is a long-term chronic disease and thus lead
to life-threatening complications.?’** The discovery of
key IncRNAs involved in UC is helpful to provide new
In this research, we

strategies for UC treatment.

demonstrated that deficiency of UCA1 suppressed LPS-
triggered injury in FHCs by modulating miR-331-3p/
BRD4 axis.

Previous studies have found several IncRNAs participate in
UC pathogenesis. Yu et al reported UC-related IncRNA
PMS2L2 decreased miR-24 level via methylation to restrain
cell apoptosis in UC.* Tian et al indicated IncRNA CDKN2B-
AS1 improved UC inflammation through absorbing miR-16
and miR-195.>* UCA1 was reported to modulate cell viability
and metastasis in many types of tumors, such as thyroid cancer
and endometrial cancer.?>° Moreover, UCA1 was found to act
as a vital function in inflammatory diseases. For instance,
IncRNA UCA1 expedited atherosclerosis treated by ox-LDL
by targeting miR-206 in THP-1 cells.”” LncRNA UCA1 atte-
nuated LPS-managed inflammatory damage by inactivating
the miR-499b-5p/TLR4 axis.*® In this study, UCA1 level was
elevated in colonic mucosa tissues of UC patients. LPS treat-
ment suppressed cell viability and induced cell apoptosis as
well as increased the levels of TNF-a, IL-6 and IL-1p.
However, these effects were reversed by UCA1 knockdown
in LPS-managed FHCs. Therefore, we confirmed that UCA1
was involved in UC development.

Extensive evidence has reported that IncRNAs exerted
their functions by acting as ceRNAs and modulating the

expression of miRNA targets in multiple diseases.*’
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Herein, we revealed that miR-331-3p targeted and inver-
sely modulate by UCAL. Previous literature displayed that
miR-331-3p participated in inflammatory responses.*!
Moreover, miR-331-3p was displayed to attenuate the
viability and facilitate apoptosis of the gastric cancer
cells.*? Here, we manifested that miR-331-3p inhibition
abrogated the influence of UCAIl

stimulated cell damage in LPS-treated FHCs, suggesting

silence on LPS-

that miR-331-3p might play a crucial role in UC.
Increasing evidence reported that miRNAs exert their
function by binding to target genes.*® To investigate the
mechanism of miR-331-3p in UC development, BRD4 was
uncovered as a direct target of miR-331-3p. BRD4 was
reported as an important regulator in inflammatory diseases.
Zhou et al indicated that BRD4 repression inhibited cerebral
ischemia-induced brain injury via blocking glial activation by
suppressing inflammatory response.>* BRD4 accelerated
inflammatory response in microglia and blocking spinal
cord injury recovery.* Our study elaborated that BRD4 was
regulated by miR-331-3p. Depletion of BRD4 reversed the
effects of miR-331-3p repression on cell viability, apoptosis
in LPS-treated FHCs. NF-kB is
a transcription factor that controls a series of pro-

and inflammation

inflammatory genes involved in the cascade of inflammatory
in UC
pathogenesis.*® Several studies showed BRD4 was a crucial
NF-«kB pathway in
inflammation.*”-*® This research confirmed the NF-«B signal-
ing was activated by BRD4 in LPS-managed FHCs. Thus,
our observations implied that BRD4 could promote LPS-

signals, which plays an essential function

regulator of the regulating

triggered cell injury by activating NF-«xB signaling in UC.

In conclusion, we illustrated that UCA1 deficiency may
attenuate UC development through modulating the miR-
331-3p/TAB3/NF-xB pathway, indicating that UCAIl
might be a novel therapeutic target for UC.
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