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Down regulation of miR-203 in radiation-
induced thymic lymphoma promoted cells
proliferation and inhibited apoptosis

Zhang Chaoxiong , Zhang Mingjian, Gao Fu, Zhou Chuanfeng, Zhang Pei, Cai Jianming ,
Liu Cong

[ Abstract)
(RITL). Methods
was assayed by qRT-PCR. Cell proliferation was assayed by MTT assay. Cell apoptosis was examined by

Objective To investigate the role of miR-203 in radiation-induced thymic lymphoma

A “Co irradiator was used for total-body irradiation. MicroRNAs ( miRNAs) level

fluorescence activated cell sorter (FACS). Dual luciferase reporter assay system was used to detect the
3'UTR reporter. Results
strongly inhibited the proliferation of both NIH3T3 cells and EL4 cells and vice versa. MiR-203 inhibited
cells proliferation and induced apoptosis via TANK-binding kinase ( TBK1), SLUG(SNAI2) and Cyclin
D1(CCNDI1). Conclusions

MiR-203 was down-regulated in RITL tissues. Overexpression of miR-203

Radiation down-regulated the level of miR-203 in thymic, which promoted

radiation-induced thymic lymphoma by targeting TBK1, SNAI2 and CCNDI.
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(TBK1); SLUG (SNAI2); Cyclin DI (CCNDI)

Radiation-induced thymic lymphoma (RITL) is one

. . .o . .14
of the classic models in radiation carcinogenesis '™’

Exposure to ionizing radiation caused cancer initiation

[57

and promoted cancer progression”””'. Oncogene Ras and

tumor suppressor gene p53 played important roles in

). The previous study

radiation-induced carcinogenesis
showed that ERK1/2, STAT3 and SHP-2 were involved in
v-ray radiation-induced thymic lymphomas in BALB/c
mice'® .

MicroRNAs (miRNAs) is a class of small RNAs
approximately 18 — 22 nucleotides in length. MiRNAs
suppressed protein expression by inhibiting translation

or inducing mRNA degradation by binding to the 3’-
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Radiation-induced thymic lymphoma (RITL) ;

TANK-binding kinase 1

untranslational region (3’ UTR) of target mRNAs'"/.

Deregulation or dysfunction of miRNAs contributes to

[9-14]

cancer development Our previous studies proved

that miR-21 played an important role in RITL by
directly targeting tumor suppressor gene Big-h3'"!
and down regulation of miR-200¢ promoted RITL by
targeting BMI1 el

MiR-203 is identified as a stemness inhibiting
miRNA that is highly expressed in the epidermis where
it targets a and B isoforms of TP63 to promote
epidermis differentiation'”"®'. MiR-203 has also been
shown to be aberrantly expressed in several types of
human cancers including bladder, colon, pancreatic,
liver, prostate and lung tumors' %/

miR-203 is

transcriptional repressor zinc-finger E-box binding

Importantly, repressed by

homeoboxl ( ZEB1 ), a repressor of multiple key

[24]

mediators of epithelial differentiation'™"', and a potent

activator of transition

(EMT) ™.

development and has been linked to tumor invasion,

epithelial-mesenchymal

EMT is a key program during cancer
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metastasis and chemo-resistance **'. However, the role

of miR-203 in RITL has not been fully investigated.

In this study, the role of miR-203 in RITL was
investigated by up or down regulated the level of miR-
203, then cell proliferation and apoptosis were
evaluated. In the last part, the potential targeted genes
are predicated and confirmed, and hoped to provide a
radiation-induced

new mechanism  for thymic

lymphoma.
Materials and methods

1. Mice and treatment

BALB/c¢ mice were obtained from Second Military
Medical University, China. All mice were housed in a
specific pathogen free facility for all experiments. All
animal experiments were undertaken in accordance
with the National Institute of Health Guide for the Care

" 1771 with the approval

and Use of Laboratory Animals
of the Laboratory Animal Center of the Second Military
Medical University, Shanghai. All efforts were made to
reduce the number and suffering of animals.

2. Total-body irradiation

A ®Co irradiator was used for total-body ionizing
irradiation. Un-anaesthetized mice were placed in well-
ventilated plastic boxes and exposed to the v-ray
irradiation at a distance of 3 m from the source. Sub-
lethal doses of 1. 75 Gy +y-ray irradiation were delivered
at a dose rate of 0.58 Gy/min as described

[28-31]

previously . The mice were then removed from the

plastic box and allowed free access to food and water.
On average, 70% of all mice died within 12 - 35
weeks after the last irradiation (from all causes), but
the most important cause of death was thymic
lymphomas, whereas the non-irradiated control mice all
lived to 35 weeks later.

3. Cell culture and transfection

NIH3T3, EI4 and HEK293 were purchased from
Cell Bank of Chinese Academy of Science ( Shanghai,
China). These cell lines were maintained in Dulbecco’
s modified Eagle’s medium ( Invitrogen, USA) in the
presence of 10% heat-inactivated fetal bovine serum,
100 U/ml penicillin and 100 pg/ml streptomycin in a
humidified 5% (V/V) atmosphere of CO, at 37°C.

Transfection was performed using Lipofectamine 2000
(Invitrogen, USA)

manufacturer’s protocol. Cells were seeded in 24-well

reagent according to  the
at 6 x 10" cells per well and transfected with miRNA
mimics or miRNA antisense oligonucleotides ( ASO) at
a concentration of 50 nmol/L.

4. RNA extraction and qRT-PCR

RNA from thymic tissues of different groups were
homogenized in TRIzol (Invitrogen, USA) and isolated
according to the manufacturer’s instruction. Reverse
transcription and real-time PCR were subsequently
performed in triplicate using the miScriptRT Kit and
miScript PCR system ( Qiagen, Germany) as described
previously, while GAPDH was used as an internal

12/ The primers were provided by Qiagen

contro
Company. Also, the miR-203 level was detected by
using the Roche technology methods'"®.

5. Methyl thiazolyl tetrazolium( MTT) assay

For MTT assay, 500 cells per well were seeded in
triplicate in a 96-well plate with complete growth
medium. Cells were counted over 5 d using the MTT
assay (Promega, USA) as described previously ¥,
The data were measured by Microtiter plate reader 570
nm filters ( Promega, USA).

6. Apoptosis assay

Cells were labeled with Annexin V-FITC and
propidium iodide using an apoptosis detecting kit

USA ) following the

instructions. Samples were analyzed by fluorescence

( Invitrogen, manufacturer’s
activated cell sorter (FACS) assays ( Becton Dickinson,
USA) ™.

7. MiRNAs target prediction

TargetScanHuman ( http ://www. targetscan. org/
vert_61/) ) was applied to identify the potential
target of miR-203.

8. MiRNAs mimics, miRNAs antisense oligonucleotides
and overexpression plasmids

MiRNAs mimics and miRNAs ASO were obtained
from GenePharma ( China). MiRNAs mimics, negative
control (NC) were transfected into cells at a
concentration of 50 nmol/L using Lipofectamine 2000
transfection reagent according to the manufacturer’ s

instructions. 48 h later, cells were collected for further
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experiments. The overexpression plasmid, pcDNA3. 1-
TBK1 ( TANK-binding kinase 1 ), pcDNA3. 1-
SNAI2SLUG, pcDNA3. 1-CCNDI ( cyclin D1 ) and
pcDNA3. 1-NRAS, were constructed and confirmed by
Shenggong Company ( Shanghai, China).

9. 3'UTR reporter analysis

The TBK1, EMT, regulatory factor SNAI2 and
CCND1 3'UTR reporter plasmids ( pRL-TBK1, pRL-
SNAI2 and pRLCCNDI ) were
Shenggong Company ( Shanghai, China). Mutation in

constructed by

the miR-203 seed regions of the 3'UTR were generated
using QuikChang multi-site-directed mutagenesis kit
(Promega, USA). RL reporter plasmids (3.6 fmol)
and pGL3-control (500 ng for normalization ) were
transfected with Lipofectamine 2000 into NIH3T3 cells
(6 x10* cells per well). Cells were collected after 48
h for assay using the Dual Luciferase reporter assay
system (Promega, USA) %/,

10. Statistical analysis

Data were presented as the x s form at least three
independent experiments. The difference between two
groups was analyzed using two-tailed Student’s i-zest.
The difference between groups was analyzed using
ANOVA analysis when more than three groups were
compared. Correlation analysis was performed by two-
tailed Pearson’ s correlation coefficient analysis.
Statistical analyses were performed using SPSS software
(Version 17.0). P <0.05 was considered significantly

different.
Results

1. MiR-203 level in RITL tissues was lower than
that in adjacent normal tissues

To investigate the role of miR-203, the expression
level of miR-203 was assayed firstly in RITL samples.
Microarray analysis indicated that the miR-203 level in
RITL tissues was lower than that in matched adjacent
normal tissues ( Figure 1). The mean expression level
of miR-203 in RITL was lower than that in normal
control. These data suggested that miR-203 might play
roles in RITL.

2. Owverexpression of miR-203 strongly inhibited

cells proliferation and promoted apoptosis and vice versa
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Figure 1
miR-203 level in RITL (A) and the relative level of miR-203 in
RITL (B)

Low expression level of miR-203 in RITL tissues, the

The miR-203 level was up-regulated in NIH3T3 and
ElL4 cell lines. The results showed 24 h after the miR-203
mimics transfection, the miR-203 level in NIH3T3 and
ELA4 cell lines were up-regulated ( Figure 2). MiR-203
level was down-regulated in NIH3T3 and EL4 cell lines.
24 h after miR-203 ASO transfection, the miR-203 level
in both cell lines were down-regulated. Cell apoptosis was
assayed by FACS. Data showed that overexpression of
miR-203 induced cells apoptosis and vice versa. Then cells
proliferation was assayed by MTT, which showed that
miR-203 mimic’ s transfection strongly inhibited the
proliferation of both NIH3T3 cells and EI4 cells (Figure
3). Cell proliferation was promoted by miR-203 ASO

transfection.
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203 ASO
Figure 2 MiR-203 mimics transfection inhibited cells
proliferation and induced apoptosis and vice versa MiR-203
mimics transfection up-regulated the miR-203 expression in
NIH3T3(A) and EIA(B); MiR-203 ASO transfection down-
regulated the miR-203 expression in NIH3T3 ( C) and El4
(D) ; Up-regulation of miR-203 induced cells apoptosis and vice

versa in NIH3T3(E) and EI4(F)
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Figure 3 MiR-203 targeted 3" UTR of TBK1, SNAI2 and CCNDI  MiR-203 mimics transfection promoted NIH3T3 (A) and EI4(B) cells

growth; MiR-203 ASO transfection inhibited NIH3T3(C) and EI4(D) cells growth

3. 3" UTR of TBK1, SNAI2 and CCNDI1 were
targeted by miR-203

To investigate the involved mechanism of miR-203
in pathogenesis of RITL, potential target genes of miR-
203 were predicated by bioinformatics algorithm.
TBK1, SNAI2 and CCNDI1 were chosen for further
study, and the 3" UTR of TBK1, SNAI2 and CCNDI
were mutated (Figure 4). Then the 3'UTR of the three
genes were cloned into luciferase reporter plasmids.
MiR-203 and the reporter plasmids were co-transfected
into HEK293 cells. The data showed that the 3"UTR of
TBK1, SNAI2 and CCND1 were targeted by miR-203
(Figure 5). Then, TBK1, SNAI2 and CCNDI protein
levels were assayed by Western blot after miR-203
transfection. TBK1, SNAI2 and CCNDI1 protein levels
were down-regulated by miR-203 transfection. Thus
data above indicated that TBK1, SNAI2 and CCNDI1
were targeted by miR-203.

4. MiR-203 inhibited cells proliferation and
Wild Type Tbk1 3' UTR 5'
mmu-miR-203 3
Mutated 598-605 of Tbk1 3' UTR  5'
mmu-miR-203 3 3
Wild Type Snai2 3' UTR h)
mmu-miR-203 3
Mutated 410-417 of Snai2 3' UTR &'
mmu-miR-203 3
Wild Type Cendl 3' UTR 5'
mmu-miR-203 3
Mutated Cendl 3' UTR '
mmu-miR-203 3

induced apoptosis via TBK1, SNAI2 and CCNDI
TBK1, SNAI2/CCND1 and miR-203 mimics were
co-transfected into NIH3T3 cell lines. 24 h later cell
viability and apoptosis were assayed by trypan blue
exclusion test and FACS analysis. Overexpression of
TBK1, SNAI2 and CCNDI1 all partly showed rescue
effects in cell viability and apoptosis, and the effect of
miR-203 was partly restored by TBK1, SNAI2 and
CCND1 overexpression plasmid separately (Figure 6).
Then levels of TBK1, SNAI2 and CCNDI mRNA in 10
RITL were assayed. TBK1, SNAI2 and CCND1 mRNA
level were higher than those in adjacent normal tissues.
Next miR-203 level was examined in the 10 RITL. The
miR-203 level in adjacent normal control tissues was
arbitrarily defined as 100% . The correlation between
miR-203 and the three genes were revealed by Pearson’
s correlation coefficient analysis; TBK1, SNAI2 and
CCND1 mRNA levels were inversely correlated with
miR-203 level in RITL ( Figure 6 ). Thus the data

UUCAGAUCCUAGUAUCAUUUCAA
GAUCACCAGGAUUU ---GUAAAGUG
UUCAGAUCCUAGUAUCAAAACAA
GAUCACCAGGAUUU --- GUAAAGUG
ACACUGCUGCCAAACCAUUUCAA
AUCACCAGGAUUUGUAAAGUG
ACACUGCUGCCAAACCAAAACAA
GAUCACCAGGAUUUGUAAAGUG
GUUCCAAAACCAUUCCAUUUCAA
GAUCACCAGGAUUUGUAAAGUG
GUUCCAAAACCAUUCCAAAACAA
GAUCACCAGGAUUUGUAAAGUG

Figure 4 The binding site of putative targeted gene, and mutated site of TBK1, SNAI2 and CCND1
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Figure 5 3'UTR reporter analysis of TBK1(A), SNAI2(B) and CCND1(C) ; 3'UTR reporter analysis of the mutated
TBKI(D), SNAI2(E) and CCNDI1(F) ; MiR-203 mimics transfection inhibited TBK1(G), SNAI2(H) and CCND1 (1)
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Figure 6 Rescue effect of TBK1, SNAI2 and CCNDI Overexpression of TBK1, SNAI2 and CCND1 all partly showed rescue effects in cell
viability(A) and apoptosis(B) ; TBK1(C), SNAI2(D) and CCNDI(E) mRNA level were higher than adjacent normal tissues; TBK1(F) ,
SNAI2(G) and CCND1(H) mRNA level were inversely correlated with miR-203 level in RITL
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indicated that miR-203 play a role in RITL via TBKI ,
SNAI2 and CCNDI.

Discussion

Many miRNAs take part in the radiation-induced
thymic lymphoma, such as miR-21""" and miR-
200¢". To our best knowledge, miR-203 played an
important role in RITL.

MiR-203 has been reported as a tumor suppressor
in basal cell carcinoma'®'’. The research proved that
down regulation of miR-203 promoted RITL indicating
and functioned as a tumor suppressor in RITL.

In this study, overexpression of miR-203 proved
to inhibit strongly NIH3T3 cells and EIA4 cells
proliferation and wvice versa, which was also consistent
with previous study'*'’ | overexpression of miR-203
reduced proliferation and caused a delay in G,-to S
phase transition. Whether miR-203 has an impact on
cell cycle in RITL need further investigation. In the
two studies above, the targeted genes of miR-203 were
different. The data showed that miR-203 played a role
in RITL via TBK1, SNAI2 and CCNDI. The other
studies showed that miR-203 targeted c-JUN. These
data indicated that under different microenvironment,
different genes may be targeted by miR-203"*"". The
underlying mechanism is needed to further study.

Another study proved that obesity could increase
IKKe and TBK1 activity in liver through NF-kB, and
in turn initiated a program of counter-inflammation that

I which revealing the anti-

preserved energy storage'*
inflammation role of TBK1. In RITL, the expression of
TBK1 was higher than that in adjacent normal control
tissues. As there was a close connection between
inflammation and tumorigenesis, anti-inflammation role
of TBK1 in RITL needs further study.

MiR-203 proved to
tissues, and
inhibited the cell proliferation cells via TBK1, SNAI2

and CCND1. The research provides a new mechanism

in RITL
strongly

down-regulate

overexpression of miR-203

for radiation-induced thymic lymphoma worth further

investigation.
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