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Abstract: Background: Transcribed ultraconserved regions (T-UCRs) are a subset of long noncoding RNAs. It has
been reported that T-UCRs are dysregulated in cancers and play an important role in the development and progres-
sion of malignancies. uc.160 was found to be a suppressive factor of cancer development, but its role has not been
fully elucidated. Methods: The uc.160 expression was examined in gastric cancer tissues and established cell lines
by quantitative reverse transcription polymerase chain reaction (qRT-PCR). The biological function of gastric cancer
cells with uc.160 over-expression were investigated, and the interaction between uc.160 and microRNA miR-155
was examined by dual-luciferase reporter assay. PTEN levels were detected by Western blotting. Anti-tumor ef-
fects of uc.160 were further explored in tumor transplantation models. Results: uc.160 expression was significantly
down-regulated in gastric cancer tissues and gastric cell lines as compared to adjacent normal tissues and im-
mortalized gastric epithelial cell line (GES-1), respectively. Over-expression of uc.160 in SGC-7901 and AGS gastric
cancer cells significantly suppressed their proliferation in vitro and in vivo. Moreover, uc.160 positively regulated
the tumor suppressor protein PTEN. Interestingly, uc.160 was inhibited by microRNA miR-155 that is also a nega-
tive regulator of gastric cancer. Conclusion: uc.160 is significantly down-regulated in gastric carcinomas and can
inhibit the tumor growth both in vitro and in vivo, suggesting that uc.160 may be used as a diagnostic marker and
therapeutic target of gastric malignancies.
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Introduction served DNA regions (UCR) described so far,
but the roles of their transcribed products are
poorly understood. The high conservation and
wide expression of UCRs suggest that they
play a critical role in physiological and/or patho-
logical processes. Studies have shown differen-
tial expression of T-UCRs in human carcinomas
[4, B]. For instance, uc.338 is over-expressed

in the hepatocellular carcinoma (HCC) and

Gastric cancer (GC) is one of the most common
malignancies and the fifth most common cause
of cancer-related death worldwide [1]. There
were almost 500,000 gastric cancer patients
died in China in 2015 [2]. Several key genes
and related molecular pathways have been
identified to be linked to the pathogenesis of
gastric cancer, but the specific mechanisms

remain to be elucidated.

The transcribed-ultraconserved regions (T-
UCRs) are a new group of long noncoding RNAs
and highly conservative among human beings,
rats, and mice [3, 4]. There are 481 ultracon-

affects the tumor development [6]. uc.73 is
able to increase cell proliferation and reduce
apoptosis of colorectal cancer cells [4, 7], while
uc.160, uc.283+A and uc.346 can undergo
CpG island hypermethylation-associated gene
silencing [5]. uc.160 is down-regulated in GC
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tissues and can possibly act as a tumor sup-
pressor [8]. However, the mechanisms are
largely unknown.

miRNAs are a group of small non-coding RNAs
that can inhibit gene expression at the post-
transcriptional level by binding the 3’-untrans-
lated region (3'UTR) of target [9, 10]. miR-155
is a typical multifunctional miRNA [14] and
has been found over-expressed in hematopoi-
etic disease [15]. Increased miR-155 expres-
sion has been reported to be associated with
the poor outcome of lung and breast cancer
[16]. Although miR-155 is significantly up-regu-
lated and acts as an oncogene in GC [17], Li et
al and Ma et al found that miR-155 expression
was down-regulated and miR-155 acted as a
tumor suppressor in GC [18, 19]. Clearly, there
is controversy on the role of miR-155 in GC,
thus it is necessary to explore the exact func-
tion of miR-155 in GC.

In the present study, gqRT-PCR was employed to
detect the expression of uc.160 and miR-155
in human GC tissues, and the roles of uc.160
and miR-155 in proliferation and apoptosis
of GC cells as well as the interaction between
miR-155 and uc.160 were further investigated.

Materials and methods
Sample collection

45 paired GC tissues and adjacent normal tis-
sues were collected at Subei People’s Hos-
pital of Jiangsu Province and Affiliated Hos-
pital of Yangzhou University, China. The patho-
logical diagnosis was conducted by indepen-
dent pathologists. 24 patients were diagnosed
with GC at stage I-ll, and 21 with GC at stage
II-IV. All tissues were obtained during surgery
and stored in liquid nitrogen until use. This
study was approved by the Ethic Committee of
the Institutional Review Board of the Yangzhou
University School of Medicine.

Cell lines and cell culture

Three GC cell lines (SGC-7901, MGC-803, AGS)
and the immortalized gastric epithelial cell line
(GES-1) were obtained from the Department
of Integrative Chinese & Western Medicine,
Yangzhou University school of Medicine. All
cells were maintained in RPMI 1640 medium
containing 10% fetal bovine serum (FBS) at

2823

37°C in an environment with 5% CO,. Human
embryonic kidney cell line 293T (HEK 293T)
was stored in our institute, and grown in
Dulbecco’s modified Eagle’s medium (DMEM)
with 10% FBS.

Plasmids and transfection

Genomic fragments involving uc.160 and
human miR-155 were amplified into MSCV-pig
retroviral vector by PCR using the following
primers designed with Bgl Il and Xho | restric-
tion sites: miR-155-Forward: 5-AGTCGCTAGC-
CACAAACCAGGAAGGGGAA-3’, miR-155-Rever-
se: 5-ATCGGAATTCAAATGATAAAGCCTGAAGTC-
3’, uc.160-Forward: 5-ACACAGATCTAGTAAAT-
GAGGCGAGTGTGC-3’, uc.160-Reverse: 5-ACA-
CCTCGAGAGCATCCTTAATATTTCCTT-3".

The fragments of uc.160-BS which has the
binding sites with the seed sequence of miR-
155 and uc.160-NBS which is upstream frag-
ment of uc.160 and does not have the binding
sites with the seed sequence of miR-155 were
also amplified using following primers with
restriction sites of EcoR | and Xba | and engi-
neered to pGL3-BS luciferase reporter vector:
uc.160-BS-Forward: 5-ACACGAATTCATTCTCC-
CCTGATCTCAGGT-3’, uc.160-BS-Reverse: 5-
ACACTCTAGACAGGATGGGACAGGATATGA-3’,
uc.160-NBS-Forward: 5-ACACGAATTCCAGGAG
AATCGCTTGAACCT-3’, uc.160-NBS-Reverse: 5™-
ACACTCTAGACCTATGATTGCCTTTGAGGC-3'.

The retroviral vectors were transfected into
GC cells and 293T cells independently with
Lipofectamine 2000 (Invitrogen). 48 h later,
puromycin was used to select the transfected
cells for 2-3 days.

Quantitative real time polymerase chain reac-
tion (QRT-PCR)

Total RNA was extracted from cells and tissu-
es with TRIzol regent (Invitrogen). 1 ug of RNA
was reversely transcribed to cDNA using the
PrimerScript™ RT reagent Kit with gDNA Eraser
(Takara Japan), and following strand-specific
(allele-specific) reverse transcription primers
were used: uc.160: 5-CTGACAAGGGACTGA-
AAGAG-3’, B-actin: 5-CTTTACGGATGTCAACGT-
CA-3'. For miR-155, 1 pg of RNA was reversely
transcribed to cDNA with the Mir-X™ miRNA
First-Strand Synthesis Kit (Takara USA) accord-
ing to the manufacturer’s instructions. gRT-PCR
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was processed using the TB Green™ Premix
Ex™ Il (Tli RNaseH Plus) (Takara Japan) and
conducted on an Applied Biosystems 7500
Real Time PCR system (Applied Biosystems,
White Plains, NY, USA). Relative UCR and miRNA
level were calculated based on 2%¢ method.
B-actin and small RNA U6 were used as internal
controls. All the reactions were run in tripli-
cate. PCR primers for uc.160 were: uc.160-For-
ward: 5-ATGTACCTGCCTACTTAGCC-3’, uc.160-
Reverse: 5-AATCACAGATGTAGAGTATC-3'. Pri-
mers for B-actin were: B-actin-Forward: 5-GA-
AGCTGTGCTATGTTGCTC-3’, B-actin-Reverse: 5™-
GAATGTAGTTTCATGGATGC-3". Primers for miR-
155 were: miR-155-Forward: 5-TTAATGCTAA-
TCGTGATAGGGGT-3'. Primers for U6 were: UB-
Forward: 5-CGCTTCGGCAGCACATATAC-3".

Luciferase assay

As described above, the uc.160-BS and uc.160-
NBS were cloned into pGL3-BS luciferase re-
porter vector. 293T cells in 24-well plates were
transfected with 0.4 yg of pGL3-BS reporters,
0.01 pg of Renilla luciferase vector and 0.4 pg
of miR-155-MSCV-pig using Lipofectamine
2000 (Invitrogen). 48 hours after transfection,
the Dual-Luciferase Reporter (DLR) Assay Kit
(Promega) was used to detect the luciferase
activity.

Cell proliferation and viability assay

Flow cytometry (FCM, BD Biosciences) was
done to detect the green fluorescent protein
(GFP) for assessing the cell proliferation. Mo-
reover, cells with stable expression of uc.160,
miR-155, and MSCV-pig as control were seed-
ed into 96-well plates (5000 cells/well). After
incubation for 24, 48, and 72 h, cell prolifera-
tion was evaluated by using a Cell Counting
Kit-8 (CCK-8) Kit. Absorbance was measured at
450 nm with the Microplate Reader. Finally, 1 x
10° cells were seeded into 24-well plates and
cell counting was conducted at 24, 48, and 72
h. All experiments were conducted in triplicate.

Apoptosis assay

The uc.160 and miR-155 over-expressed cells
were washed twice with cold PBS, then treated
with Annexin V-APC (BD Biosciences) and
Propidium lodide (PI, BD Biosciences). Cell
apoptosis was determined by flow cytometry
(FCM, BD Biosciences).
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SCID beige mouse experiments

8-week-old SCID mice were purchased from
Beijing Vital River Laboratory Animal Technology
Co., Ltd. Cells were subcutaneously injected
into the right flank of SCID mice at the density
of 2 x 10%in 200 ul of PBS. Tumor volume was
measured using a caliper every 3 days once
the tumor was palpable. Tumor volume was cal-
culated using the follow formula: tumor volume
=1/2 x (length x width?). After 23 days, tumors
were harvested and weighed.

Western blotting

Protein lysates from SGC-7901 and AGS cells
transfected with MSCV-pig and uc.160 were
extracted using cell lysis buffer with 1:1000
protease inhibitor mixture (Beyotime institute
of Biotechnology). Lysates (10 pg) were resolv-
ed by 10% SDS-PAGE gel and transferred onto
PVDF membrane (Millipore). Then protein was
detected with PTEN antibody (Cell Signaling
Technology) and GAPDH antibody (Cell Signal-
ing Technology) for overnight at 4°C. After in-
cubation with horseradish peroxidase (HRP)-
conjugated secondary antibody, immunoreac-
tive proteins were detected on FluorChem FC2
Imaging System (Alpha Innotech, San Leandro,
CA, USA).

Statistical analysis

Statistical analysis was performed using SPSS
16.0 software package (SPSS, Chicago, USA).
Data from three independent experiments were
expressed as mean * standard deviation (SD).
Comparisons were done with Student's t test. A
value of two-tailed P < 0.05 was considered
statistically significant.

Results

uc.160 expression decreases in the GC tissues
and cell lines

In order to demonstrate the role of uc.160 in
GC development, uc.160 expression was de-
tected by qRT-PCR in 45 matched human GC
tissues and adjacent normal tissues. In addi-
tion, the expression of uc.160 was also mea-
sured in three GC cell lines and an immortal-
ized gastric epithelial cell line (GES-1). As shown
in Figure 1A, uc.160 expression was signifi-
cantly down-regulated in GC tissues compared
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with matched adjacent normal tissues, but it
was similar between GC tissues at different
clinicopathologic stages (Figure 1B). In addi-
tion, lower uc.160 expression was also detect-
ed in three GC cell lines (SGC-7901, MGC-803
and AGS) compared to that in the immortalized
gastric epithelial cell line (GES-1) (Figure 1C).
These findings suggest that uc.160 may play
a crucial role in GC development and pro-
gression.

uc.160 over-expression inhibits the GC cell
proliferation and viability

Subsequently, uc.160 was independently tr-
ansfected into SGC-7901 and AGS cells, and
ectopic uc.160 expression was confirmed.
Compared with control MSCV-pig, uc.160 ex-
pression increased significantly (Figure 2A).
Then, by tracking the percentage of GFP+ cells,
CCK-8 assay and cell count assay, ectopically
expressed uc.160 was found to inhibit the pro-

2825

g o
d [ ]
S| e
3]
e 4l *e®
f
o seee®
g
] 3..&’ L
% 0 o '
) __n_#j_'*_“_
2 A\ o
6\5°°5 \ o
'ﬁ(\o
i\eov

Figure 1. uc.160 expression was down-regulated in
GC tissues and GC cell lines. A. Quantitative analy-
sis of uc.160 level in 45 paired human GC tissues
compared with their adjacent normal tissues. **P
< 0.01 (t-test). The loading control was B-actin. B.
Quantitative analysis of uc.160 level in GC tissues
at different cliniclpathologcal stages (stage | and I,
n = 24; stage Ill and IV, n = 21), and the relative
expression level of uc.160 was similar. Pathologi-
cal classification was done according to the AJCC
Cancer’'s TNM Classification system (7th Edition).
C. Quantitative analysis of uc.160 level in three GC
cell lines (SGC-7901, MGC-803, and AGS) and the
immortalized gastric epithelial cell line (GES-1). The
Y-axis shows relative expression of uc.160 and the
uc.160 level from GES-1 was assigned as a relative
value of 1. *P < 0.05 (t-test). The loading control
was B-actin.

liferation and viability of two GC cell lines com-
pared with the control (Figure 2B, 2C). More-
over, GC cells with uc.160 over-expression dis-
played significantly higher apoptosis rate as
compared to control GC cells (Figure 2E, 2F).
These results indicate that uc.160 acts as a
tumor suppressor in GC.

miR-155 expression decreases in GC tissues
and GC cell lines

uc.160 expression was found to be down-regu-
lated in the chronic lymphocytic leukemia (CLL)
compared with the normal control. Meanwhile,
a negative interaction was found between
miR155 and uc.160 [4]. Thus, miR-155 expres-
sion was investigated in GC tissues and cell
lines. As shown in Figure 3A, the miR-155 ex-
pression was significantly down-regulated in
45 GC tissues compared with the adjacent nor-
mal tissues. Meanwhile, miR-155 expression
was significantly higher in stage | and Il GC than

Am J Transl Res 2018;10(9):2822-2833
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Figure 2. uc.160 over-expression inhibited the GC cells proliferation and viability and increased their apoptosis. A.
Quantitative analysis of uc.160 level in GC cells (SGC-7901 and AGS) transfected with MSCV-pig control and uc.160-
MSCV-pig. The relative expression level of uc.160 was increased in GC cells transfected with uc.160-MSCV-pig
compared with cells transfected with negative control. The levels from MSCV-pig were assigned an arbitrary value
of 1. **P < 0.01 (t-test). The loading control was B-actin. B. The percentage of GFP+ were tracked every 48 h after
transfection of uc.160 and MSCV-pig. C. The cell numbers were counted every 24 h after transfection of uc.160. D.
Cells were cultured for 24 h, 48 h and 72 h, then measured at 450 nm after adding the CCK-8 reagent. E, F. The
apoptosis rate of GC cells was calculated after transfection of uc.160 by flow cytometry (left). The apoptosis rate
increased significantly in cells with uc.160 over-expression compared with cells transfected with negative control

(right). *P < 0.05, **P < 0.01 (t-test).
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in stage Ill and IV GC (Figure 3B). Moreover,
lower miR-155 expression was also detected
in GC cell lines (SGC-7901, MGC-803 and
AGS) as compared to the immortalized GES-1
(Figure 3C). These findings suggest that
miR-155 might also be a tumor suppressor in
GC.

miR-155 over-expression inhibits GC cell prolif-
eration and viability

The effects of miR-155 on the proliferation
and apoptosis of GC cells were further investi-
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Figure 3. miR-155 expression was down-regulated in
GC tissues and GC cell lines. A. Quantitative analy-
sis of miR-155 level in 45 paired human GC tissues
compared with their adjacent normal tissues. **P <
0.01 (t-test). The loading control was U6. B. Quanti-
tative analysis of miR-155 level in GC tissues at dif-
ferent cliniclpathologcal stages (stage | and Il, n =
24; stage lll and IV, n = 21). *P < 0.05, **P < 0.01
(t-test). Pathological classification was done accord-
ing to the AJCC Cancers TNM Classification system
(7th Edition). C. Quantitative analysis of miR-155
level in three GC cell lines (SGC-7901, MGC-803,
and AGS) and the immortalized gastric epithelial cell
line (GES-1). The Y-axis shows fold change of miR-
155 with the miR-155 level in GES-1 assigned as a
relative value of 1. **P < 0.01 (t-test). The loading
control was UG6.

gated via over-expressing miR-155 in these
cells. Similar to uc.160, miR-155 over-expres-
sion significantly inhibited the proliferation and
promoted the apoptosis of GC cells (Figure
4A-F). Collectively, these findings indicate that
miR-155 plays an inhibitory role in the GC
growth.

miR-155 inhibits the expression of uc.160

Studies have shown that there is an interaction
between miR-155 and uc.160 in the CLL but
the consequence of this interaction is not

Am J Transl Res 2018;10(9):2822-2833
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Figure 4. miR-155 inhibited the proliferation and viability of GC cells and increased their apoptosis. A. Quantitative
analysis of miR-155 level in GC cells (SGC-7901 and AGS) transfected with MSCV-pig control and miR-155-MSCV-
pig. The relative expression level of miR-155 was elevated in GC cells transfected with miR-155-MSCV-pig compared
with cells transfected with negative control. The levels from MSCV-pig were assigned an arbitrary value of 1. **P <
0.01 (t-test). The loading control was UB. B. The percentage of GFP+ were tracked every 48 h after transfection of
miR-155 and MSCV-pig. C. The cell numbers were counted every 24 h after transfection of miR-155. D. Cells were
cultured for 24 h, 48 h and 72 h, then measured at 450 nm after adding the CCK-8 reagent. E, F. The apoptosis
rate of GC cells was calculated after transfection of miR-155 by flow cytometry (left). The apoptosis rate increased
significantly in cells with miR-155 over-expression compared with cells transfected with negative control (right). *P
< 0.05, **P < 0.01 (t-test).
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of GC in vivo. A. Analysis of tumor volume in the SCID mice. The tumor grew
more slowly in the group of uc.160 and miR-155 compared with negative
control group. B, C. Tumor volume at the end of study. The tumor volume
and weight reduced significantly in the group of uc.160 and miR-155 com-
pared with negative control group. A representative experiment was dis-
played (n = 3 mice for each group). *P < 0.05 (t-test).
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Figure 7. uc.160 promoted PTEN expression. A. Whole cell lysates were pre-
pared from cells stably expressing MSCV-pig or uc.160 for Western blotting.
Ectopic expression of uc.160 increased PTEN protein levels. GAPDH was
used as a loading control. B. Quantitative image analysis of PTEN protein
expression in SGC-7901 and AGS cells transfected with MSCV-pig and
uc.160. *P < 0.05, **P < 0.01 (t-test).
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trol groups (SGC-7901 and
SGC-7901-MSCV-pig), but not
in uc.160 and miR-155 retrovi-
rus producing groups. In addi-
tion, the tumors in uc.160 and
miR-155 groups grew much
slower than in control groups
(Figure 6A). At 23 days after
injection, tumors were collect-
ed and weighed. Consistent
with the in vitro findings, the
tumors in vivo were much
smaller in both uc.160 and
miR-155 groups than the con-
trol groups (Figure 6B, 6C),
demonstrating that both uc.-
160 and miR-155 are GC sup-
pressive non-coding RNAs.

uc.160 elevated PTEN expres-
sion

Because Honma et al. [8] had
demonstrated that uc.160 in-
hibited PTEN expression in
MKN-1 and MKN-45 cells, we
next determined whether PTEN
expression was influenced by
uc.160 in SGC-7901 and AGS
cells. We first stably increased
the expression of uc.160 in
SGC-7901 and AGS cells, and
confirmed that uc.160 incre-
ased PTEN levels (Figure 7A,
7B). Our data indicate that
uc.160 also can inhibit the
growth of SGC-7901 and AGS
cells though elevating the PT-
EN levels.

Discussion

T-UCRs are a class of non-cod-
ing RNA and can regulate the
expression of mRNAs. In re-
cent years, T-UCRs have been
proven to act as the oncoge-
nes and tumor suppressor
genes in human tumorigene-
sis. For example, up-regulated
uc.73+A expression in colorec-
tal cancer was found to pro-
mote the cell proliferation [4,
7]. In breast cancer, uc.63 not
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only promotes the cell proliferation, but is also
related to the prognosis [20]. In this study, we
focused on the effect of uc.160 on the GC
growth. uc.160 expression was down-regulated
in the gastric tumors compared with non-neo-
plastic mucosa tissues of the stomach [8], and
it was associated with the hypermethylation of
CpG island [5, 8]. In the current study, uc.160
expression was shown to be inhibited in human
GC tissues and GC cell lines. Moreover, over-
expression of uc.160 inhibited the proliferation
of GC cells and promoted their apoptosis. Our
data also demonstrates that over-expression of
uc.160 elevates the PTEN levels which result in
silenting the MAPK signaling. These observa-
tions support the hypothesis that uc.160 is a
suppressor in gastric tumorigenesis.

miR-155 is mainly expressed in immunocytes
and inflammatory tissues [21]. Currently, the
role of miR-155 in GC is poorly elucidated and
there is still controversy on the role of miR-155
in GC [17-19]. Our data clearly show that the
level of miR-155 is significantly reduced in GC
cells and over-expression of miR-155 strongly
suppresses the growth of GC in both in vitro
and in vivo assays, demonstrating miR-155 as
a tumor suppressive miRNA in GC.

Although uc.160 is found to inhibit the phos-
phorylation of Akt by up-regulating PTEN in GC
[8], the specific mechanism underlying the
role of uc.160 in GC remains elucidated. Calin
et al. reveal the negative relationship between
uc.160 and miR-155 in CLL [4]. Moreover, it is
reported that uc.416+Ais a direct target of miR-
153 in GC, and there is an inverse correlation
between them [22]. In our study, luciferase
reporter assay confirmed the direct interaction
between uc.160 and miR-155. qRT-PCR showed
that miR155 down-regulated the expression of
uc.160. Of note, both uc.160 and miR-155
were down-regulated in GC tissues and GC cell
lines and both uc.160 and miR-155 could in-
hibit the GC growth. These apparently conflict-
ed findings highlight the complicated gene reg-
ulatory mechanism in GC development. In fact,
the activity and levels of majority of gene prod-
ucts must be tightly regulated for proper cellu-
lar functions. For instance, acetylation enhanc-
es the function of transcription factor Gatal in
erythroid cells but at the same time signals its
ubiquitination, suggesting that transcription
factor activation and degradation are directly
linked [23]. We assume that in response to
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physiological signaling miR-155 restrains the
level of uc.160 to prevent the accelerated cell
cycle arrest and apoptosis and maintain the ho-
meostasis in gastric epithelial cells. Further
investigation should be conducted for the pre-
cise reasons why uc.160 needs to be repress-
ed by miR-155 under pathological conditions.

In summary, our study shows that both uc.160
and miR-155 may function as tumor suppres-
sors in human GC. Interestingly, uc.160 is
directly repressed by miR-155 in GC. Our data
provides strong evidence on the crucial role of
T-UCR in GC though the exact mechanism of
how miR-155 coordinates uc.160 in the pa-
thogenesis of GC is still unclear. Future stu-
dies are needed to elucidate the specific gene
regulatory mechanisms involved in uc.160 and
miR-155 in GC.
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