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Background: Mantle cell lymphoma (MCL) is an aggressive malignancy that accounts for
5-10% of non-Hodgkin’s lymphoma. MiRNA-223-3p has been demonstrated to be down-
regulated in MCL and is a useful prognostic factor. However, little is known about under-
lying molecular mechanism of miRNA-233-3p in MCL.

Methods: The expression levels of miRNA-223-3p and CHUK mRNA in MCL cells were
detected by real-time quantitative PCR (RT-qPCR). The effects of miRNA-223-3p/CHUK
overexpression/knockdown on MCL cell proliferation and apoptosis were measured by
CCK-8 assay and annexin V PE/7-AAD-based flow cytometry/TUNEL assay, respectively.
A nude mouse subcutaneous xenograft model was used to further evaluate the potential
effects in vivo. Dual-luciferase reporter assay was used to verify the inhibitory effect of
miRNA-223-3p on CHUK. Furthermore, the regulatory function of miRNA-223-3p on the
CHUK/NF-KB2 axis was assessed by RT-qPCR, western blot and immunofluorescence.
Results: In the present study, miRNA-223-3p overexpression inhibited proliferation and
accelerated apoptosis of MCL cells in vitro and in vivo. The results of Luciferase reporter
assay showed that CHUK was a direct target of miRNA-223-3p in HEK293T cells.
Furthermore, the results of RT-qPCR, western blot confirmed that CHUK was targeted and
negatively regulated by miRNA-223-3p for repressing NF-KB2 pathway activation in MCL
cells. Importantly, CHUK overexpression promoted proliferation and suppressed apoptosis of
MCL cells, whereas CHUK knockdown reversed down-regulated miRNA-223-3p -acceler-
ated cell proliferation in vitro.

Conclusion: In conclusion, miRNA-223-3p affects MCL development by regulating the
CHUK/NF-KB2 signaling pathway, which is crucial to provide a novel therapeutic strategy.
Keywords: mantle cell lymphoma, miRNA-223-3p, CHUK, NF-KB2 signaling pathway,
disease progression

Introduction
MCL is a subtype of non-Hodgkin’s lymphoma (NHL) which is derived from naive
CD5+ B cells originating in the mantle zone around reactive germinal centers. MCL
accounts for 5-10% of NHL." Though advances in chemical compound, immu-
notherapy and targeted therapy have achieved,”'' most of MCL patients relapse
and die from the disease finally. Therefore, new therapeutic targets are eagerly
required for MCL patients.

MicroRNAs(miRNAs) are small non-coding RNAs of approximately 22 nucleo-
tides which could regulate gene expression through hybridization with a target
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mRNA sequence, thus resulting in translational repression
or mRNA degradation.'? Expression profiling studies have
detected specific miRNAs expression “signatures” in var-
jous human cancers, especially B cell tumors.'> MiRNA-
223-3p has been demonstrated to be down-regulated in
MCL and is a useful prognostic factor.'* However, the
underlying molecular mechanism remains not entirely
clear.

In this study, we investigated molecular mechanism of
miRNA-223-3p affecting MCL development. Up-regula-
tion of miRNA-223-3p in MCL cells lead to growth failure
and cell apoptosis. NF-KB non-classical signaling path-
ways are abnormally activated in MCL."” Li et al reported
that miRNA-223-3p affect macrophage differentiation by
regulating CHUK expression.'® On this basis, we further
found that miRNA-223-3p affected MCL development by
regulating the CHUK/NF-KB2 signaling pathway. These
findings define a mechanism for a tumor suppressor role of
miRNA-223-3p in MCL and foster its translational
research as a therapeutic target.

Materials and Methods
MCL Patient Samples

Tumor tissues were collected from 14 newly diagnosed
MCL patients who underwent lymph modes biopsy
between 2017 and 2020 at Institute of Hematology and
Blood Disease Hospital of Chinese Academy of Medical
Sciences and Peking Union Medical College and
embedded in paraffin wax. This study was approved by
ethics committee of Institute of Hematology and Blood
Disease Hospital of Chinese Academy of Medical
Sciences and Peking Union Medical College and con-
ducted ethical 1975

Declaration of Helsinki. Written informed consent was

according to guidelines of

obtained from each patient.

Cell Lines

MCL cell lines Granta-519 and Jeko-1 (American Type
Culture Collection, USA) were all cultured in RPMI-1640
(Gibco, New York, USA) supplemented with 10% fetal
calf serum (Thermo Fisher Scientific, Massachusetts,
USA) at 37°C with 5% CO2.

RT-qPCR

RNA extraction was performed using TRIzol (Invitrogen,
California, USA) according to the manufacturer’s instruc-
tions. cDNA was synthetized by reverse transcription

using an ABI 2720 thermal cycler (ABI Biosystems,
Massachusetts, USA) according to the manufacturer’s
instructions (M-MLV-RTase, Promega, Madison, USA).
The ¢cDNA product was detected using a 2X ChamQ
Universal SYBR qPCR Master Mix (Vazyme, Nanjing,
China) with an ABI 7500 Real-Time PCR System (ABI
Biosystems, Massachusetts, USA). The cycling parameters
were 95 °C for a 30s hot start followed by 40 cycles of 95
°C for 10s and 60°C for 30s. The relative mRNA
(Candidate gene/GAPDH) or miRNA
(Candidate gene/U6) were determined using the 274¢'
method. The relative mRNA or miRNA fold change was
determined using the 2~ **“" method. All primers are listed
in Table 1.

expressions

Western Blot Analysis

Granta-519 cells were incubated with CD40L (2 pg/mL)
(CST, #32,621) for 4h, Jeko-1 cells were incubated with
CD40L (2 pg/mL) for 24h. Whole-cell lysates were pre-
pared in RIPA buffer (Beijing Dingguo, Shanghai, China)
with protease inhibitor, quantified, and loaded onto SDS-
PAGE. After electrophoresis, proteins in the gel were
transferred to a nitrocellulose membrane and incubated
with primary antibodies at 4°C overnight. Western blot
was conducted using antibodies specific for CHUK
(Santa Cruz Biotechnology, sc-71,333), NF-KB2 (CST,
#3017) and PB-actin (Proteintech, 66,009-1-Ig), followed
with horseradish peroxidase-labeled secondary antibody
(Santa Cruz Biotechnology, sc-2004/sc-2005). Signals
were detected by chemiluminescence (ECL Western
Blotting GE  Healthcare,
Buckinghamshire, England) and visualized using G:BOX

Detection ~ Reagents,
Chemi GelDocumentation System (Syngene, Frederick,
MD, USA).

Lentiviral Transduction

The lentiviral vectors were purchased from Shanghai
Genechem Company Ltd., China. A scramble siRNA (5'-
TTC TCC GAA CGT GTC ACG T-3') was used as the
negative control (NC). The siRNA targeting sequence of
miRNA-223-3p was 5'-TGG GGT ATT TGA CAA ACT
GAC A-3'. The siRNA targeting sequence of CHUK gene
was 5'-GCA AAT GAG GAA CAG GGC AAT-3'. CHUK
over-expression plasmid was constructed by subcloning
CHUK cDNA into GV492 plasmid. MiRNA-223-3p
over-expression plasmid was constructed by subcloning
pre-miRNA into GV646 plasmid (Shanghai Genechem
Company Ltd., Shanghai, China). We used puromycin (2
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Table | Primers Used in This Study

Primers Name

Primer Sequence

MiRNA-223-3p-Reverse Transcription

5-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGGGGT-3'

MiRNA-223-3p-Forward

5-GCGCGTGTCAGTTTGTCAAAT-3'

MiRNA-223-3p-Reverse

5-TGGCAGGGTCCGAGGT-3'

Ué6-Forward

5-CTCGCTTCGGCAGCACA-3'

Ué6-Reverse

5-AACGCTTCACGAATTTGCGT-3'

CHUK-Forward

5-ATGAAGAAGTTGAACCATGCCA-3'

CHUK-Reverse

5-CCTCCAGAACAGTATTCCATTGC-3'

p52-Forward

5-AGAGGCTTCCGATTTCGATATGG-3'

p52-Reverse

5'-GGATAGGTCTTTCGGCCCTTC-3'

p100-Forward

5-TGGCCGGGACAAGAGAAAAG-3’

p100-Reverse

5-TCTGCTTAGGCTGTTCCACG-3'

GAPDH-Forward

5-TCAAGATCATCAGCAATGCC-3'

GAPDH-Reverse

5-CGATACCAAAGTTGTCATGGA-3'

pg/mL) to select infected cells. For CHUK promoter
reporter plasmid, a sequence containing miRNA-223-3p
binding sites (Chr10:100,188,675-100,188, 681 strand
(-)) were inserted into PGL3-promoter plasmid before
SV40 promoter.

Cell Proliferation Assay

Cell proliferation was detected by Cell Counting Kit-8 assay
(Solarbio, Beijing, China). Infected MCL cells were plated in
96-well plates at 5x10"4 cells per well, respectively. The
cells were incubated overnight before experimentation.
After 10 uL of CCK-8 reagent was added to each well at 0,
24,48, 72, 96 and 120h, the plate was incubated for 4 h. The
optical density of viable cells was measured at 450 nm using
a microplate reader (BioTek, Vermont, USA).

Cell Apoptosis Assay

Cell apoptosis was detected by Annexin V PE/7-AAD
apoptosis detection kit (Solarbio, Beijing, China).
Infected MCL cells were seeded in 6-well plates at
2x1076 cells per well. Cell apoptosis was detected after
120 h. Briefly, cells were collected and washed by phos-
phate-buffered saline, and apoptosis was evaluated accord-
ing to the kit protocol. Although standard flow cytometry
apoptosis assays use co-staining with propidium iodide,
we analyzed annexin V PE/7-AAD since the cells were

transfected with an EGFP-expressing vector and the exci-
tation wavelengths of propidium iodide and EGFP overlap.

Immunofluorescence Staining

Granta-519 cells were incubated with CD40L (2 pg/mL)
(CST, #32,621) for 4h, Jeko-1 cells were incubated with
CD40L (2 pg/mL) for 24h. Cells were fixed with 4%
paraformaldehyde, permeabilized with 0.5% Triton
X-100 and blocked with 2% BSA. Then, cells were probed
with anti-RelB antibodies (Abcam, ab33907). After wash-
ing 3 times with TBST (1% Tween-20 in TBS), the cells
were incubated with Alexa Fluor 594-conjugated second-
ary antibodies (Abways, AB0152). Then, they were
washed 3 times with TBST, and DAPI solution was
added to stain the cell nuclei. Images were obtained
using a confocal microscope (Zeiss).

TUNEL Staining

TUNEL (terminal deoxynucleotidyl transferase dUTP
nick-end labeling) staining was performed using a
TUNEL kit (Roche, Basel, Switzerland). TUNEL+ cells
were counted with ImagelJ software.

Luciferase Reporter Assay
Cells cultured in 24-well plates were transfected with
promoter reporter construct or mutant variants and

OncoTargets and Therapy 2021:14

submit your manuscript I 555

Dove


http://www.dovepress.com
http://www.dovepress.com

Yuan et al

Dove

overexpression vector. A Renilla luciferase—containing
plasmid, which is driven by thymidine kinase promoter,
was always included in transfection to control transfection
efficiency. Luciferase activity was determined using a
dual-luciferase reporter assay system following the manu-
facturer’s instructions (Promega, Madison, WI).

Xenograft Mouse Model Assay
Five-week-old female BALB/c athymic nude mice
(Charles River) were injected with 2 x 107 Jeko-1 cells
that had been transfected with e-GFP or miRNA-223-3p
overexpression lentiviral vector subcutaneously in the
flank. When the tumor approached 20-30 mm?®, mice
were divided randomly into groups of seven. Tumor
volume was measured with a caliper every 3 days, and
calculated with the formula: V=0.5x lengthxwidth?. The
subcutaneous tumors were harvested and weighted at the
34th day after implantation. All experimental protocols
were approved by Zhengzhou University Institutional
Review Board and carried out in accordance with the
National Institutes of Health guide for the care and use
of Laboratory animals.

Statistical Analysis

All experiments were performed at least three times inde-
pendently, unless otherwise specified. Statistical analyses
were performed using GraphPad Prism. Correlations were
analyzed by Spearman correlation. 7-tests were used to
determine significance, with a p-value of <0.05 to indicate
a significant difference. Data are presented as means=SD.

Results
MiRNA-223-3p Affected MCL

Development in vitro

We explored miRNA-223-3p biological function through
lentivirus-mediated overexpression and knockdown of
miRNA-223-3p in Granta-519 and Jeko-1 cells. The lenti-
virus infection efficacy was above 95% for miRNA-223-
3p OE, miRNA-223-3p KD and NC lentivirus, which
ensure the synchronization of all the following experi-
ments (Supplementary Figure 1A). MiRNA-223-3p levels
were assessed by qPCR. The results showed that miRNA-
223-3p OE lentivirus infected cultures exhibited signifi-

cantly increased miRNA-223-3p expression compared
with cells infected with NC lentivirus in Granta-519
(p<0.01) and Jeko-1 (p<0.05) (Figure 1A); miRNA-223-
3p KD lentivirus infected cultures exhibited significantly

decreased miRNA-223-3p expression compared with cells
infected with NC lentivirus in Granta-519 (p<0.001) and
Jeko-1 (p<0.05) cells (Figure 1B).

Granta-519 and Jeko-1 cells infected with miRNA-
223-3p OE lentivirus, miRNA-223-3p KD lentivirus or
NC lentivirus were seeded in 96-well plates. Cell growth
was monitored by CCK-8 assays every day for 5 days,
while cell apoptosis was measured by FACS analysis of
Annexin V-PE/7-AAD-stained cells after 5 days. The
results showed that overexpression and knockdown of
miRNA-223-3p respectively decreased and increased cell
viability compared with the control group in Granta-519
(miRNA-223-3p OE:p<0.001; miRNA-223-3p KD:
p<0.001) and Jeko-1 (miRNA-223-3p OE:p<0.001;
miRNA-223-3p KD:p<0.01) cells after 5 days (Figure 1C
and D). FACS analysis of Annexin V-PE/7-AAD-stained
cells demonstrated that apoptotic percentages of miRNA-
223-3p OE cells (Granta-519:p<0.01; Jeko-1:p<0.05) and
miRNA-223-3p KD cells (Granta-519:p<0.01;Jeko-1:
p<0.05) undergoing were respectively higher and lower
compared with that of NC cells after 5 days. Western
blot analysis showed that anti-apoptotic protein Bcl-2
expressions were respectively decreased and increased in
miRNA-223-3p OE and miRNA-223-3p KD cells com-
pared with the control group (Figure 1E and F).

MiRNA-223-3p Down-Regulated CHUK
Expression and Repressed NF-KB2

Pathway Activation

The above results indicated that miRNA-223-3p play an
important role in MCL development in vitro. However, the
mechanisms underlying miRNA-223-3p-mediated MCL
development are still unclear.

NF-KB2 signaling pathway is abnormally activated in
MCL."® Previous studies reported that miRNA-223-3p
affects macrophage differentiation through regulating the
expression level of CHUK,'® which is important NF-KB2
signaling molecule. Interestingly, we found that CHUK
3'UTR region harbor miRNA-223-3p binding sites (Chr10:
100,188,675-100,188,681 strand (-)) (Supplementary
Figure 2). In addition, miRNA-223-3p expression was inver-
sely correlated with CHUK mRNA expression (rs=—0.7758,
p<0.01) or the level of NF-KB2 p100 processing into p52
(rs=—0.5956, p<0.05) in MCL patient tissues (Figure 2D).
We then hypothesized that miRNA-223-3p plays a critical
role in the development of MCL through regulating CHUK.
The effect of miRNA-223-3p on the regulation of CHUK
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Figure | MiRNA-223-3p affected MCL development in vitro. (A, B) Total RNA of miRNA-223-3p OE, miRNA-223-3p KD or NC cells were extracted for reverse transcription
and qPCR to quantify miRNA-223-3p expression. MiRNA-223-3p expression level was normalized to U6 (*p<0.05, *p<0.01, t-test). (C, D) The viability of miRNA-223-3p OE cells
and miRNA-223-3p KD cells compared with NC group, was determined by CCK8 assay (**p<0.01, **p<0.001, t-test). (E, F) The apoptosis rate of miRNA-223-3p OE and
miRNA-223-3p KD cells compared with NC group, was examined by flow cytometry assay (*p<0.05, **p<0.01, t-test). Western blot analysis showed the effects of miRNA-223-3p
OE and miRNA-223-3p KD on anti-apoptotic protein Bcl-2 expression in Granta-519 and Jeko-| cells. B-actin was used as a loading control.

Abbreviations: NC, negative control; OE, overexpression; KD, knockdown; P-CHUK, phospho-CHUK; 7-AAD, 7-amino-actinomycin D; PE, phycoerythrin.
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transactivity is examined. MiRNA-223-3p was overex-
pressed in HEK293T cells by lentivirus-mediated overex-
Wild type CHUK
significantly decreased in miRNA-223-3p OE cells, whereas

pression. reporter activity was
no significant changes were found in corresponding mutant
type luciferase activity (Figure 2A). Importantly, CHUK
mRNA levels were significantly decreased in miRNA-223-
3p OE cells (Granta-519: p<0.01; Jeko-1:p<0.001) and
in miRNA-223-3p KD cells (Granta-519:

p<0.001;Jeko-1:p<0.01) compared with the control group

increased

(Figure 2B). The similar trend on CHUK protein levels was
observed as on mRNA levels by Western blot analysis in
Granta-519 and Jeko-1 cells (Figure 2C). These results
further suggest the specific effect of miRNA-223-3p on
CHUK transactivity and translation activity.

Besides, we further examined whether miRNA-223-3p
affected NF-KB2 pathway activation. Overexpression of
miRNA-223-3p decreased the protein expression level of
CHUK and phospho-CHUK, the level of NF-KB2 p100
processing to pS2 and nuclear translocation of RelB, while
knockdown of miRNA-223-3p increased the protein
expression level of CHUK and phospho-CHUK, the level
of NF-KB2 p100 processing to p52 and nuclear transloca-
tion of RelB in Granta-519 and Jeko-1 cells after NF-KB2
pathway stimulation with CD40L which signified that
miRNA-223-3p repressed the NF-KB2 pathway activation
(Figure 2E-G).

Altering CHUK Affected MCL

Development in vitro

Based on above data, we probed CHUK biological function
through protein overexpression and knockdown. We did
lentivirus-mediated overexpression and knockdown of
CHUK in Granta-519 and Jeko-1 cells. The lentivirus infec-
tion efficacy is above 95% for CHUK OE, CHUK KD and
NC lentivirus (Supplementary Figure 1B). CHUK levels

were accessed by qPCR and Western blot. The results
showed that CHUK OE lentivirus infected cultures exhib-
ited significantly increased CHUK mRNA expression com-
pared with cells infected with NC lentivirus in Granta-519
(p<0.01) and Jeko-1 (p<0.01) (Figure 3A); CHUK KD
lentivirus infected cultures exhibited significantly decreased
CHUK mRNA expression compared with cells infected
with NC lentivirus in Granta-519 (p<0.01) and Jeko-1
(p<0.01) (Figure 3B). The similar trend on CHUK protein
levels was observed as on mRNA levels by Western blot
analysis in Granta-519 and Jeko-1 cells (Figure 3C).

Granta-519 and Jeko-1 cells infected with CHUK OE
lentivirus, CHUK KD lentivirus or NC lentivirus were
seeded in 96-well plates. Cell growth and apoptosis were
measured as mentioned above. The results showed that
overexpression and knockdown of CHUK respectively
increased and decreased cell viability compared with the
control group after 5 days in Granta-519 (CHUK OE:
p<0.001; CHUK KD:p<0.001) and Jeko-1 (CHUK OE:
p<0.05; CHUK KD:p<0.001) cells (Figure 3D and E).
The analysis of Annexin V-PE/7-AAD-stained -cells
demonstrated that apoptotic percentages of CHUK OE
cells (Granta-519:p<0.05; Jeko-1:p<0.05) and CHUK KD
cells (Granta-519:p<0.05;Jeko-1:p<0.05) were respec-
tively lower and higher compared with that of NC cells
after 5 days. Western blot analysis showed that anti-apop-
totic protein Bcl-2 expressions were respectively increased
and decreased in CHUK OE cells and CHUK KD cells
compared with the control group (Figure 3F and G,
table 1).

MiRNA-223-3p Affected MCL
Development by Regulating the CHUK/

NF-KB2 Signaling Pathway

To identifying whether miRNA-223-3p affects MCL
development through CHUK/NF-KB2 signaling pathway,
we then silenced CHUK in miRNA-223-3p KD cells and
up-regulated CHUK in miRNA-223-3p OE cells, which
were identified by Western blot (Figure 4A and B).
Figure 4C and D showed that knockdown CHUK inhibited
cell proliferation led by miRNA-223-3p KD in Granta-519
and Jeko-1 cells, while up-regulated CHUK accelerated
cell proliferation led by miRNA-223-3p OE in Granta-519
and Jeko-1 cells.

MiRNA-223-3p Affected MCL

Development in vivo

To investigate whether miRNA-223-3p affected MCL cells
proliferation and apoptosis in vivo, we injected nude mice
with Jeko-1 cells transfected with NC or miRNA-223-3p over-
expression lentiviral vector subcutaneously. The results of
tumor growth curves revealed that miRNA-223-3p overex-
pression dramatically impaired tumor growth in nude mice
(p<0.001, Figure 5A and B). The miRNA-223-3p content
and protein expression level of CHUK, phospho-CHUK and
NF-KB2 in tumor tissues were respectively detected by qPCR
and Western blot. It was observed that the level of miRNA-
223-3p in tumor tissues that developed by injecting miRNA-

submit your manuscript

1558

Dove

OncoTargets and Therapy 2021:14


http://www.dovepress.com/get_supplementary_file.php?f=283486.pdf
http://www.dovepress.com
http://www.dovepress.com

Yuan et al

Dove

-ajopuwijAuayd -z-oulpiweIp-9*, ‘|dVQ ‘UMOP R0 ‘g3 ‘UoissaidxaiaAo JO {[0auod aAnESaU ‘DN ‘UoISaJ palejsue.IUN,E ‘Y] N,E FUBINW N} 2dA1 PIIM | AA iSUOIIBIARIQQY

"JO|q UISISOAA Ul [0.3U0D SUIPEO| B SB PISN SBM UIIJB-(] "92USDSS.J0N[JoUNWIWI AQ PSUILLISISP S.19M g[oy JO UONEIOISUR.) JBS|DNU PUE 10|q UIISIAA AQ paulwexsa suam ggd oaul

Buissadoud 00 |d 7gY-4N JO [9A3] 3y pue HNHD-oydsoyd “HNHD Jo [9A3] uoissaudxs uieroad sy uayy Kemuyped Zgy-4N 242 238NWINAS 01 J0FAD YIIM PIIEIII 349M S|[3D) 'S||9D | -033[ PUE ¢ | G-EIUBID) Ul 3OUIISIION|JOUNWIWI PUE 10|q UIBISIAA Aq
Pa10319p uoneAnde Aemyred 7gY-4N UO UMOP>DOUY| pue uoissaadxatano dg-£7z-YNYIW JO $19919 3y | (D7) '(3| =u) sisAjeue uone|a.u0d uew.reads Aq pazAjeue sem 7qd oaul Buissasoud o |d ZgY-4N JO [9A3] 343 Jo uoissaudxa YN YW SNHD pue
uolssa.dxe dg-£77-VYNY!W Usam1aq uone|a.10d 3y () ‘|92 |-033[ pUe ¢ | G-EIUBIS) Ul 10]q UISISSAA 03 SuIp.0ddE Uoissaadxa uodd HNHD uo @ de-£7Z-YNY!W pue 3O de-£77-YNY!W Jo s309y3 3y (D) (35931 ‘1 00" 0> 1 0°0>ss) SII9D
A dg-£77-YNYIW ul paseaudul pue s|[92 3O dg-£77-VYNYIW Ul pases.dap Apueayiudis a4om spAd] YNYW MNHD (g) ‘po3edipul aue sadusnbas syueanw Suipuodsa.iod pue N YW MNHD JO Y1 N,€ Y3 ul seduanbas 3uipuiq dg-£77-YNY!IW (3593
100°0>sesx) SIP2 LE6TIAH Ul MINHD Uo dg-£77-YNY!IW Jo 109y9 SunejnsaJ aya WJuod 03 pasn sem Aesse Jaruodau aseaaydn|-[en () "uoneande Aemyied 7gy-4N passatda. pue uoissaadxe YNHD pareindaJ-umop dg-£7Z-VYNY!IW T 24814

611 T11'T LLST 810°€ pST 1671 YT 65T 001d/zsd
DGR S G aw— a——— )
e e Al X

= zsd
=
-4
=
8
N
» oo1d
] Y L _ e OB ay-AN
D S D T e s o w— 01D
W e T D s - —— 01D
+ = : = + - - - a de-€2z-
- - + - = : + - 40 dg-€TT-
-0 61S-muRInD)
_E 10A0] dg-£ZZ-YNNIW 0ARE[0I 10A0] dg-£ZZ-YNNIW 0ARE|0) m
2|z Vo 800 900 %00 200 0 10 800 900 00 200 0
z 7S 4 r L 2 2 foz3
¥ e . K z - 02
3 LS Vo L2
2 . f9R o Q
o . 8 -4 .. [~
= L4 =3 L4 x
s . ot
* ta® 001D
z
) olpd ) g
S00>d % 100>d olons
956570~ =S4 o o 8SLL0- =82 oﬁ.M o
LT o L P .y
BRI 1dva i + - - - + - - - @ dE-€TT-VNI
w - - + - - - + - 10 dg-£72-VNY
1-o%r Gls-mumn
HM QX de-£ZZ-YNYIW ON 30 de-£ZZ-YNYIW ON
> T oY 3 0 =
I oL & - H
= 2 50 Q
o c c
0z X =
3 3
2 0L 2
0 ot £ s
& j-oor 3 or & J-oNor &3 51
o sis-eIweI sig-eweis m
E & &
Zz|° & & &
> > \J N
g & & 9
® 0 Wn b OYLNEWN € n )9 VI2IVIN---YVNINYVYIONND .S
M Fl— W. de-gTT-vNym-eSy ¢ NONIVONNNO----NIVVVNVIOIDV €
= 80 B LY
¥ L NHORUNEIM L€ DIVONIVYONINVVNINYYIONND .S
o° 25
0L 2§ 2ouanbos Surpusq dg-£2T-VNUIN
83
+ = | it
71 £ _
2
s Sgbiio: L
vi & [wioac WLN.E VNIW NNHD wopos dong

E v

1559

submit your manuscript

14

OncoTargets and Therapy 2021

Dove


http://www.dovepress.com
http://www.dovepress.com

Yuan et al Dove

A 3 Granta-519 B 3 Granta-519
3 2001 =3 Jeko-1 < 1.57 = Jeko-1
3 3
g 1504 P § $
% | Tt
X 1004 X o
2 ° 2
(&) O 0.54 ™
2 5 , g i
g > g B0
e ol _ceerscee ‘_ ® 00 IOGI i
NC CHUK OE i CHUK KD
C Granta-519 Jeko-1
CHUK OE - - 5 x g n
CHUK KD - + = - + -
CHUK W S s s
B-actin- - - ‘---
D E
200- =0~ gﬁ” 200- -
- O -
% - HU& KB G . HB& % B
= £ 150 .
£ £ 100
g .E A L Ll
s v o
5 i«
> >
0 T T 1 0 - T 1
0 2 4 6 0 2 5] 6
Time(day) Time(day)
Granta-519 Jeko-1
F G
Granta-519 Jeko-1
NC  CHUK OE NC  CHUKKD NC  CHUK OE NC  CHUKKD

2 — - —_— . D S
o T - —

- 20+ ~

X = 2

o — g —

& 154 @ 154 <

c * =

§ — 'T' B p— o=

g 104 -T- i 104

IS e 2

g 54 § 54 -?- 0

C oddy v v v € odelny v v .
¥ ¢ & * P Ll R

< O 3 &

Figure 3 Altering CHUK affected MCL development in vitro. (A, B) CHUK mRNA levels were significantly increased in CHUK OE cells and decreased in CHUK KD cells.
CHUK mRNA level was normalized to GAPDH. (**p<0.01, t-test). (C) CHUK expression at protein level was analyzed by Western blot in CHUK OE cells and CHUK KD
cells. B-actin was used as a loading control. (D, E) The viability of CHUK OE cells and CHUK KD cells compared with NC group, was determined by CCK8 assay (*p<0.05,
*##p<0.001, t-test). (F, G) The apoptosis rate of CHUK OE and CHUK KD cells compared with NC group, was examined by flow cytometry assay (*p<0.05, t-test). Western
blot analysis showed the effects of CHUK OE and CHUK KD on anti-apoptotic protein Bcl-2 expression in Granta-519 and Jeko-1 cells. B-actin was used as a loading
control.

Abbreviations: NC, negative control; OE, overexpression; KD, knockdown; Si-CHUK, small interfering CHUK; P-CHUK, phospho-CHUK; 7-AAD, 7-amino-actinomycin
D; PE, phycoerythrin.
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Figure 4 MiRNA-223-3p affected MCL cells proliferation through regulating CHUK/NF-KB signaling pathway. (A, B) CHUK protein levels of NC, miRNA-223-3p OE,
miRNA-223-3p OE+CHUK OE, miRNA-223-3p KD, miRNA-223-3p KD+CHUK KD groups were detected respectively by Western blot in Granta-519 and Jeko-| cells. (C,
D) Viability of Granta-519 and Jeko-1 cells inhibited by miRNA-223-3p OE lentivirus and induced by miRNA-223-3p KD lentivirus was respectively reversed by CHUK
overexpression and knockdown. Viability of NC, miRNA-223-3p OE, miRNA-223-3p OE+CHUK OE, miRNA-223-3p KD, miRNA-223-3p KD+CHUK KD groups was

determined by CCK8 assay (**p<0.01, ***p<0.001, t-test).
Abbreviations: NC, negative control; OE, overexpression; KD, knockdown.

223-3p OE Jeko-1 cells was significantly higher than that in the
control group (p<0.001, Figure 5C). MiRNA-223-3p overex-
pression decreased the protein expression level of CHUK,
phospho-CHUK and the level of NF-KB2 p100 processing to
p52, which proved that miRNA-223-3p repressed the NF-KB2
pathway activation in tumor tissues (Figure 5D). The results of
TUNEL staining suggested that miRNA-223-3p overexpres-
sion remarkably increased apoptotic cell number compared
with the control group in vivo (p<0.001, Figure 5E).

Discussion

The key findings of this study are that increased expres-
sion of miRNA-223-3p inhibited proliferation and accel-
erated apoptosis of MCL cells in vitro and in vivo.
MiRNA-223-3p regulates MCL development by the

CHUK/NF-KB2 signaling pathway. This study provides
new sights and strong evidences that the miRNA-223-3p/
CHUK/NF-KB2 signaling pathway plays an important role
in MCL development.

Wong et al reported that miRNA-223-3p increases apopto-
sis and decreases cell viability, proliferation of hepatocellular
carcinoma cells by targeting STMN1, a key microtubule-reg-
ulatory protein that directly participates in cellular proliferation
and cell cycle.!” In addition to solid tumors, miRNA-223-3p is
up-regulated in nodal marginal zone lymphoma and inhibits
LMO?2 expression. Moreover, our previous studies demon-
strated that miRNA-223-3p is down-regulated in MCL com-
pared with healthy donors and is associated with poor survival
in MCL patients.'* However, the specific mechanism is not
explored thoroughly.
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Figure 5 MiRNA-223-3p affected MCL development in vivo. Two groups of nude mice were applied. Group |, nude mice received injection of NC Jeko-1I cells (NC group, n=7).
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Activating NF-KB2 signaling pathway maintains cell
proliferation and protects cells from apoptosis. NF-KB2 is
widely used as a gene regulator to control cell proliferation
and cell survival in eukaryotic cells. Besides, it also reg-
ulates anti-apoptotic genes and thus eliminate caspase
family activity, which is the core of most apoptosis.
Studies showed that NF-KB2 signaling pathway is abnor-
mally activated in MCL."*

Although the therapeutic effect of MCL is improved with
the development of treatment strategy, emerging new therapies
have intolerable adverse effects including cytopenia and
infection.'*'®?7 Besides, recurrence and drug resistance are
main problems. Hence, it is meaningful and important to
identify the specific pathogenesis of MCL thoroughly.

The fact that miRNA—-223-3p plays a critical role in
the pathogenesis of MCL has been gradually recognized.
Our previous studies demonstrated that miRNA—223—-3p is
repressed and is associated with poor prognosis in MCL
by targeting SOX11.'* In the present study, we found that
down-regulation of miRNA-223-3p accelerated prolifera-
tion and inhibited apoptosis of MCL cells by upregulating
CHUK and thus abnormally activating the non-classical
NF-KB signaling pathway. These findings were in consis-
tent with the previous study and further clarify the under-
lying molecular mechanism of miRNA-223-3p affecting
MCL development thoroughly.

Aberrant versions of miRNA have been implicated in
not only tumor development,”®>!' but also drug
resistance.’? >° Therefore, further studies are needed for
the function of miRNA-223-3p in drug resistance and
corresponding mechanisms in MCL.

In summary, our results suggest that miRNA-223-3p
plays an important role in MCL development by regu-
CHUK/NF-KB2

Downregulation of miRNA-223-3p accelerated prolifera-

lating  the signaling  pathway.
tion and inhibited apoptosis of MCL cells by up-regu-
lating CHUK and thus abnormally activating the non-
classical NF-KB2 signaling pathway. Thorough under-
standing of the precise role of miRNA-223-3p in MCL
provides the opportunity to develop a novel therapeutic
strategy by upregulating expression of miRNA-223-3p

in MCL cells.
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