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Abstract. — OBJECTIVE: In previous studies,
PCAT1 has been proved to be a key carcinogen-
ic driver in hepatocellular carcinoma. Howev-
er, the regulatory mechanism of PCAT1 remains
poorly understood in diffuse large B-cell lym-
phoma (DLBCL).

PATIENTS AND METHODS: The expression of
PCAT1, miR-508-3p and NFIB in DLBCL was de-
tected by RT-qPCR assay. CCK-8 assay and tran-
swell assay were used to measure cell prolifer-
ation, migration and invasion of DLBCL cells.
Western blot assay was used to explore the pro-
tein expression of NFIB. Dual-Luciferase report-
er assay was applied to measure the correlation
between PCAT1, miR-508-3p and NFIB.

RESULTS: PCAT1 was demonstrated to be up
regulated in DLBCL tissues and cell lines. Be-
sides, PCAT1 expression was associated with
clinical stage and IPI score of DLBCL patients.
Moreover, overexpression of PCAT1 promoted
DLBCL cell proliferation, migration and invasion
in vitro. Mechanistic investigation displayed that
PCAT1 interplayed with miR-508-3p, while NFIB
was a target gene of miR-508-3p. Further, miR-
508-3p was in a downtrend while NFIB was in-
creased in DLBCL tissues and cell lines. MiR-
508-3p overexpression repressed DLBCL cell
growth and metastasis, while PCAT1 overex-
pression reversed the inhibitory effect of miR-
508-3p on the progression of DLBCL. Moreover,
NFIB silencing suppressed DLBCL cell prolifer-
ation, migration and invasion, whereas PCAT1
vector or miR-508-3p knockdown destroyed the
inhibitory of si-NFIB on the progression of DL-
BCL.

CONCLUSIONS: Taken together, our findings
validated that PCAT1 acted as completive en-
dogenous RNA by sponging miR-508-3p and up-
regulating NFIB to facilitate DLBCL cell prolifer-
ation, migration and invasion.
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Introduction

Lymphoma is a malignant tumor originated
from the lymphatic hematopoietic system. It pres-
ents mainly as painless lymphadenopathy, hep-
atosplenomegaly, accompanied by fever, night
sweat, emaciation, itching and other systemic
symptoms. Diffuse large B-cell lymphoma (DL-
BCL) is the most common lymphoid system tu-
mor in adults, accounting for about 30% to 40%
of all non-Hodgkin’s lymphomas. The 5-year sur-
vival rate of DLBCL is about 50%. At present, the
etiology of lymphoma is not clear. It is generally
believed that it may be related to gene mutation,
virus and other pathogens infection, radiation,
chemical drugs, combined with systemic immune
disease.

Recent studies have shown that IncRNAs
participate in a variety of important regulatory
processes such as x chromosome silencing, ge-
nomic imprinting and chromatin modification,
transcriptional activation, transcriptional inter-
ference, and intracellular transport. Emerging
studies have proved that LncRNAs exert crucial
roles in the tumorigenesis and development in
DLBCL. MALATI1 was proved to enhance DL-
BCL cell proliferation, migration and immune
escape by inhibiting miR-195'. Qian et al* de-
tected that NEAT1 accelerated cell prolifera-
tion and lymphomagenesis by miR-34b-5p/ GLI1
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axis in DLBCL. Moreover, SMAD5-AS1 was
found to be down regulated in DLBCL and re-
press cell proliferation via inhibiting miR-135b-
5p while up-regulating APC?. Prostate cancer
associated ncRNA transcript 1 (PCAT1) was
first identified through a global transcriptomic
sequencing study of prostate cancer®. In he-
patocellular carcinoma, PCAT1 was validated
to be upregulated and promote migration and
invasion by sponging miR-129-5p and upregu-
lating HMGBI1 expression®. Moreover, PCAT1
was also proved to be a carcinogen in non-small
cell lung cancer® and myeloma’. Although the
expression and function of PCATI have been
explored in various human tumors, the role of
PCATI in DLBCL is still scarce.

MiRNAs are involved in a series of important
processes in life, including early development,
cell proliferation, apoptosis, cell death, fat me-
tabolism, and cell differentiation®. For example,
miR-155 was discovered to be high expressed
in DLBCL tissues, and the depletion of miR-155
suppressed DLBCL cell proliferation, migration
and invasion’. On the contrary, miR-16-1 might
be a tumor-inhibiting factor in DLBCL". More-
over, miR-214 was down expressed and induced
cell apoptosis but repressed cell growth and inva-
sion''. MiR-508-3p was first found to be signifi-
cantly down-regulated in renal cell carcinoma,
and to have a significant inhibitory effect on
cell metastasis'?. Furthermore, in ovarian cancer
(OC), miR-508-3p was down regulated and might
be a new biomarker for OC treatment”. To our
knowledge, the role of miR-508-3p in DLBCL is
still not clear.

In this research, we investigated the expression
pattern of PCATI in DLBCL, and indicated the
effect of PCATI1 on the development of DLBCL.
Simultaneously, we found that PCATI regulating
DLBCL cell progression by modulating miR-508-
3p/NFIB.

Patients and Methods

Tissue Samples

In our study, 48 DLBCL tissues and adjacent
normal lymph gland tissues were gathered from
Qingdao Hospital of Traditional Chinese Medi-
cine (Qingdao Hiser Hospital). All patients had
not received preoperative radiotherapy, chemo-
therapy, or other related treatment. After sur-
gical resection, the tissues were immediately
cryopreserved at -80°C for future experiments.
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DLBCL patients were selected according to the
diagnostic criteria published by the World Health
Organization in 2008. The human experiment
was compliant with the principles of the Helsinki
Declaration. Our experiments were approved by
the Ethics Committee of Qingdao Hospital of
Traditional Chinese Medicine (Qingdao Hiser
Hospital), and all patients have written the in-
formed consent.

Cell Lines and Cell Culture

DLBCL cell lines (OCI-LY-7, OCI-LY-7, TMD8
and U2932) were obtained from the Shanghai
JingKang Bioengineering CO., LTD (Shanghai,
China). Human peripheral blood B-lymphocyte
(IM-9) was purchased from BeNa Culture Col-
lection (Beijing, China). All cells were grown
in 90% Roswell Park Memorial Institute-1640
(RPMI-1640) medium with 10% fetal bovine
serum (FBS) supplemented with penicillin G
and streptomycin, L-glutamine and HEPES. The
cells were cultured in an incubator at 37 °C and
5% CO,.

Cell Transfection

Small interfering RNA downregulating
PCATI (si-PCAT1), pcDNA3.1-PCAT1, negative
control (NC) small interfering RNA (si-NC), NC
miRNA mimic, NC inhibitor, miR-508-3p mimic,
miR-508-3p inhibitor were purchased from Gene-
Pharma (Shanghai, China). All were transfected
into OCI-LY-7 cells by Lipofectamine 3000 (In-
vitrogen, Carlsbad, CA, USA).

RNA Isolation, Reverse Transcription
and RT-gPCR

The total RNA was isolated from DLBCL
tissues and cells by the TRIzol® Reagent (Invi-
trogen, Carlsbad, CA, USA). GoScript Reverse
Transcription System was used to reverse RNA
transcription into cDNA. Then, LightCycle 96
thermocycle (Roche, Basel, Switzerland) was ad-
opted to quantify the expression level of PCATI,
miR-508-3p and NFIB. PCATI and NFIB were
standardized to GAPDH, while U6 was normal-
ized to miR-508-3p. The sequences of primers
were listed in Table 1.

Dual-Luciferase Reporter Assay

In this article, bioinformatics website RegRNA
2.0 was used to search miRNAs which bound to
PCAT1 with putative binding sites. The binding
sequences of PCATI or NFIB containing the
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Table I. Real time PCR primers.

Gene Primers5’-3’

PCATI Forward 5’-CCTCTAAGTGCCAGTGCAGG-3’
Reverse 5’-ACCCTTTGACCCTTGGCATT-3’

miR-508-3p Forward 5-CAAGCATGATTGTAGCCTTTTG-3’
Reverse 5. TATCGTTGTACTCCAGACCAAGAC-3’

NFIB Forward 5’-ACACACATGGTCGGCTCG-3’
Reverse 5>-TCAAGGTTACAGCCCCAAGC-3

GAPDH Forward 5’-GCTCTCTGCTCCTCCTGTTC-3’
Reverse 5’-CCATGGTGTCTGAGCGATGT-3’

U6 Forward 5-CTCGCTTCGGCAGCACA-3’
Reverse 5’-AACGATTCACGAATTTGCGT-3’

miR-508-3p binding sites and mutant binding
sites were inserted into pmirGLO Luciferase
plasmids to construct PCATI-wt or NFIB-wt
and PCAT1-mut or NFIB-mut reporter vectors.
Then, all reporter vectors were co-transfected
with miR-NC or miR-508-3p mimic into OCI-
LY-7 cells. Cells were cultured in the incubator
at 37°C, 5% CO,, and 95% humidity. After 48
hours, the Luciferase activity was tested by the
Dual-Luciferase reporter assay Kkit.

Cell Counting Kit-8 (CCK-8) Assay

The 100 pl inoculated cell suspension was cul-
tured in a 96-well plate in an incubator at 37°C
and 5% CO, saturated humidity. Added 10 pl of
CCK-8 reagent to each well and continue to cul-
ture in the incubator for 0-96 hours. Finally, the
absorbance was measured at 450 nm.

Transwell Assay

OCI-LY-7 cells (1x10° /well) were cultured in
the transwell chambers (8§ um, Millipore, Bill-
erica, MA, USA). Unlike cell migration, 50 pl
Matrigel was added to the upper chamber to
assess cell invasion. The culture medium contain-
ing 10% FBS was added to the lower chamber.
After cultured for 24 h, wiped off the matrix
glue and cells in the upper chamber with a cotton
swab. Then, fixed with 4% glutaraldehyde, and
stained with 0.1% crystal violet for 20 min. In the
end, the number of migrated and invasive cells
in 5 random fields was counted under the light
microscope.

Western Blot Assay

Total proteins samples were isolated by 10%
sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and then transferred to
the NC membrane. After incubation with 5%
skimmed milk, the membrane was incubated

with specific antibodies. Finally, the protein sig-
nals were detected by enhanced chemilumines-
cence (ECL) Western Blotting Substrate.

Statistical Analysis

Our data were presented as mean £ SD and
analyzed by SPSS Statistics 17.0 (SPSS, Chicaco,
IL, USA). Differences between two groups were
tested by Student’s 7-test. One-way ANOVA and
Tukey’s post-hoc test were adopted to analyze the
differences of multiple groups. Pearson’s correla-
tion analysis was used to explore the relationship
between PCAT1, miR-508-3p and NFIB. Statisti-
cal significance was set as p<0.05.

Results

The Dysregulation of PCATI and
MiR-508-3p was Found in DLBCL

The expression of PCAT1 and miR-508-3p
was detected by RT-qPCR assay. Our results
displayed that there was an uptrend of PCAT]1 in
DLBCL tissues (Figure 1A). Moreover, PCAT1
was higher expressed in DLBCL cell lines (OCI-
LY-7, TMDS, OCI-LY-10 and U2932) than in IM-
9 cells (Figure 1B). On the contrary, miR-508-3p
was lower expressed in DLBCL tissues than in
normal tissues (Figure 1C). Next, we noticed that
miR-508-3p was notably down regulated in DL-
BCL cell lines compared with IM-9 cells (Figure
ID). Our results indicated that PCAT1 was high
expressed, while miR-508-3p was down regulated
in DLBCL.

Overexpression of PCAT1 Enhanced
Cell Proliferation, Migration and
Invasion in DLBCL

Based on the mean expression value of
PCATI, 48 cases of DLBCL patients were di-

2569



M. Tian, Y. Li, W. Zheng, Q.-Q. Liu, X-L. Zhang, J.-L. Liu, S. Zhang, Y-X. Sheng, C.-B. Fan, W.-L. Zhang

IS
1

b
i

'.%'s:,::.%: S T
o

-
1

(=]
I

Relative expression of PCAT1
N
L ]
Relative expression of PCAT1
i
i
3

Normal tissues DLBCL tissues

=y
a
1

2.0

-
=]
1

1.54

1.0

o
]
1

0.54

o
=
T

0.0

Relative expression of miR-508-3p

Normalltissues DLBCLItissues

Relative expression of miR-508-3p

2 A o A0 L
W oo\.\:{ < OG\'\;( o2

Figure 1. PCATI was high expressed, while miR-508-3p was down expressed in DLBCL. A, PCAT1 was higher expressed
in DLBCL tissues than in normal tissues. B, PCAT1 was higher regulated in DLBCL cell lines (OCI-LY-7, TMDS, OCI-LY-10
and U2932) than in IM-9 cells. C, Downexpression of miR-508-3p was found in DLBCL tissues. D, Downexpression of miR-
508-3p was found in DLBCL cell lines (OCI-LY-7, TMD8, OCI-LY-10 and U2932). **p<0.01.

vided into two groups (low PCAT1 expression ed with clinical stage and IPI score (Table II). To
group and high PCATI1 expression group). We explore the function of PCAT1 on DLBCL cell
noticed that PCAT1 expression was closely relat- progression, we transfected PCATI1 vector into

Table I. Correlation between the expression level of UCA1 and clinical characteristics of DLBCL patients (n=48).

UCAT1 expression
No. of
Clinical characteristics cases n = 48 Low (n = 21) High (n = 27) p-value
Age (years) 0.536
>55 25 12 13
<55 23 9 14
Gender 0.683
Male 29 12 17
Female 19 9 10
Ann Arbor stage 0.202
I-IT 18 10 8
I-1V 30 11 19
Clinical stage 0.014*
I-1T 16 11 5
1I-1V 32 10 22
LDH ratio 0.422
<1 26 10 16
>1 22 11 11
IPI score 0.030%*
0-2 31 10 21
3-5 17 11 6

*p < 0.05, the difference is significant. LDH: Lactate dehydrogenase; IPI: International prognostic index.

2570



PCAT1 enhanced DLBCL cell progression by miR-508-3p/NFIB

OCI-LY-7 cells. Results displayed that the ex-
pression of PCAT1 was significantly increased
by PCATI1 vector (Figure 2A). Next, CCK-8 as-
say and transwell assay were used to assess cell
proliferation, migration and invasion viability.
As shown in Figure 2B, PCATI1 overexpression
was found to enhance cell proliferation. More-
over, PCAT1 overexpression increased the num-
ber of migrated and invaded cells (Figure 2C,
D). Taken together, PCATI1 overexpression was
revealed to enhance cell proliferation, migration
and invasion in DLBCL, and be strong connect-
ed with clinical stage and IPI score.

PCAT1 Acted as a Molecular Sponge of
MiR-508-3p in DLBCL

LncRNAs were reported to act as sponges of
miRNAs in the tumorigenesis and development
of human tumors. We found that there were
special binding sites between PCAT1 and miR-

508-3p (Figure 3A). Next, Luciferase reporter
assay revealed that miR-508-3p mimic lowered
the Luciferase activity of PCAT1-wt, rather than
PCATI-mut (Figure 3B). Moreover, RT-qPCR
assay was carried out to assess the relationship
between PCATland miR-508-3p. Accordingly,
we noticed that miR-508-3p mimic suppressed
the expression of PCATI, while miR-508-3p
inhibitor increased the expression of PCATI
of OCI-LY-7 cells (Figure 3C). Furthermore,
the expression of miR-508-3p was inhibited by
PCAT1 vector but increased by depletion of
PCAT1 (Figure 3D). To research PCATI1/miR-
508-3p axis in the progression of DLBCL, we
transfected miR-508-3p mimic or PCATI vector
into OCI-LY-7 cells. As shown in Figure 3E,
miR-508-3p mimic accelerated the expression
of miR-508-3p, while PCAT1 vector lessened
the expression of miR-508-3p in OCI-LY-7 cells.
Functionally, the cell proliferation was found to
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Figure 2. Upregulation of PCAT1 promoted cell proliferation, migration and invasion of OCI-LY-7 cells. A, The expression
of PCAT1 was increased by PCAT1 vector. B, CCK-8 assay revealed that PCAT1 overexpression promoted cell proliferation
of OCI-LY-7 cells. C, D, Transwell assay displayed that PCAT1 overexpression increased the number of migrated and invade

cells of OCI-LY-7 cells (scale bar=100 pm). **p<0.01.
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Figure 3. PCAT1 acted as a molecular sponge of miR-508-3p in DLBCL. A, There were binding sites between PCAT1 and
miR-508-3p. B, The Dual-Luciferase reporter assay was assessed the Luciferase activity of PCAT1-mut and PCAT1-wt. C,
The impact of miR-508-3p mimic or miR-508-3p inhibitor on PCAT1 expression. D, The impact of PCAT1 vector or PCAT1
knockdown on miR-508-3p expression. E, The expression of miR-508-3p was detected in OCI-LY-7 cells transfected PCAT1
vector with miR-508-3p mimic. F, MiR-508-3p mimic inhibited OCI-LY-7 cell proliferation, while PCAT1 vector destroyed the
suppression effect of miR-508-3p mimic. G, H, PCATI vector reversed the inhibitor effect of miR-508-3p mimic on OCI-LY-7
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be repressed by miR-508-3p mimic transfection,
while PCATI vector destroyed the suppression
effect of miR-508-3p mimic in OCI-LY-7 cells
(Figure 3F). Moreover, PCAT1 overexpression
had the same effect on cell migration and in-
vasion of OCI-LY-7 cells (Figure 3G, H). Com-
bined with our results, PCAT1 was manifested
to interplay with miR-508-3p in DLBCL.

MiR-508-3p Directly Interacted with
NFIB 3'UTR in DLBCL

Based on the Targetscan, there were binding
sites between miR-508-3p and NFIB (Figure
4A). Dual-Luciferase reporter assay was adopt-
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ed to verify this topic (Figure 4B). Then, we
discovered that NFIB was higher regulated in
DLBCL tissues than in normal tissues (Figure
4C). Moreover, there was an uptrend expres-
sion of NFIB in DLBCL cell lines (Figure 4D).
RT-qPCR assay and Western blot assay were
used to explore the expression of NFIB. The
results revealed that the mRNA expression and
protein expression of NFIB was restricted by
miR-508-3p mimic, while increased by miR-
508-3p inhibitor (Figure 4E, F). In addition,
there was a negative correlation between miR-
508-3p and NFIB in DLBCL patients (Figure
4G). Our findings indicated that miR-508-3p
interacted with NFIB in DCBCL.
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Figure 4. MiR-508-3p directly interacted with NFIB 3°’UTR in DLBCL. A, NFIB had special binding sites with miR-508-3p.
B, The relative Luciferase activity of NFIB-mut or NFIB-wt. C, NFIB was up expressed in DLBCL tissues. D, NFIB was up
expressed in DLBCL cell lines. E, F, The mRNA and protein expression of NFIB was reduced by miR-508-3p mimic, while
increased by miR-508-3p inhibitor. G, There was a negative correlation between miR-508-3p and NFIB. **p<0.01.

PCAT1/miR-508-3p Axis Regulated
DLBCL Progression by Modulating NFIB
To explore the effect of PCAT1/miR-508-3p/
NFIB on DLBCL cell progression, PCAT1 knock-
down or miR-508-3p inhibitor was transfected
into OCI-LY-7 cells. We discovered that the mR-
NA expression of NFIB was reduced by PCATI
silencing and increased by miR-508-3p inhibitor,
while co-transfection PCAT1 silencing and miR-
508-3p inhibitor reversed the effect of si-PCAT1
on NFIB expression (Figure 5A). Similarly, miR-
508-3p inhibitor destroyed the inhibition effect of
NFIB protein expression stimulated by si-PCAT1
(Figure 5B). Functionally, we found that cell
proliferation was suppressed by si-PCAT1, while
promoted by miR-508-3p inhibitor, and PCATI
silencing with miR-508-3p inhibitor alleviated
the suppressive effect of si-PCAT1 (Figure 5C).
Furthermore, miR-508-3p inhibitor had the same

reversion effect on cell migration and invasion
affected by si-PCAT]1 (Figure 5D, E). In addition,
we revealed that PCAT1 was inversely correlated
with miR-508-3p, while PCAT1 was positively
correlated with NFIB (Figure 5 F, G). Conse-
quently, we demonstrated that PCAT1 regulated
cell progression by modulating miR-508-3p-me-
diated NFIB expression in DLBCL.

Discussion

In recent years, IncRNAs have become a hot
topic in scientific research. Although the exact
role of IncRNAs in physiological processes is
still unclear, a large amount of data has revealed
their key role in various stages of tumorigenesis
and metastasis. PCAT1 was indicated to act as a
carcinogen in many human tumors, such as epi-
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thelial ovarian cancer, osteosarcoma' and cer-
vical cancer'®. In our research, PCAT1 was found
to be higher expressed in DLBCL tissues and cell
lines than that in control groups. Functionally,
elevated PCAT1 expression enhanced cell prolif-
eration, migration and invasion of DLBCL cells.
Consistent with our findings, PCAT1 was also
found to promote cell progression in gastric can-
cer'’”. More importantly, we discovered that high
PCAT1 expression was closely associated with
clinical stage and IPI score of DLBCL patients.
Similarly, the elevated PCAT1 expression was
related with lymph node metastasis, TNM stage,
distant metastasis and depth of infiltration'®.
LncRNAs can interact with miRNAs to partic-
ipate in the expression regulation of target genes
and play an important role in the formation and
development of tumors. Differentially expressed
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miRNAs play a role similar to proto-oncogenes
or tumor suppressor genes by regulating differ-
ent target genes, and are closely related to the
occurrence, development, treatment and progno-
sis of tumors'”2!. In DLBCL, miR-21, miR-155,
miR146b-5p, miR-224 and miR-17/92 clusters
might have predictive value in the treatment re-
sponse to DLBCL chemotherapy?. In colorectal
cancer, PCATI was validated to be a sponge of
miR-149-5p, and knockdown of PCAT1 inhibited
cell growth and metastasis by modulating miR-
149-5p expression®. In our study, we validated
that PCAT1 was a sponge of miR-508-3p in
DLBCL. Moreover, miR-508-3p was found to
be down expressed in DLBCL tissues and cell
lines. In gastric cancer, miR-508-3p was also
discovered to be in the same downtrend**. Func-
tional experiments demonstrated that miR-508-3p
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mimic remarkably retarded DLBCL cell growth,
migration and invasion, while PCAT1 vector mit-
igated the suppressive effect of miR-508-3p mim-
ic. Similar with our results, Zang et al*® verified
that PCAT1 was a competing endogenous RNA
of miR-508-3p and regulated the progression of
esophageal squamous cell carcinoma by inhibit-
ing miR-508-3p and regulating ANXAT10.

NFIB has been reported to act as a tumor
promoter in various human cancers. For exam-
ple, NFIB overexpression was found to facilitate
glioma cell proliferation and colony formation?°.
Additionally, NFIB drove the cell progression
in colorectal cancer?’ and gastric cancer®®. We
demonstrated that NFIB was a target gene of
miR-508-3p and was up regulated in DLBCL
tissues and cell lines. In line with our findings,
Wu et al? discovered that NFIB was high ex-
pressed in gastric cancer tissues and cell lines,
and NFIB overexpression enhanced cell migra-
tion, invasion and growth. Interestingly, NFIB
played as a tumor inhibitor in osteosarcoma?’.
Next, we noticed that PCATI silencing inhib-
ited the expression of NFIB, while miR-508-3p
inhibitor transfection alleviated the suppressive
effect of NFIB by si-PCAT]1. Functionally, we
validated that PCAT]1 regulated cell progression
by interplayed with miR-508-3p-mediated NFIB
expression in DLBCL.

Conclusions

We first discovered that PCAT1 was upregu-
lated in DLBCL, and promoted cell proliferation,
migration and invasion by modulating miR-508-
3p/NFIB in DLBCL. Our findings demonstrated
that PCAT1 might be a diagnostic, prognostic
biomarker and a potential therapeutic target in
DLBCL.
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