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Long noncoding RNA UCA1 regulates CCR7 expression to promote tongue
squamous cell carcinoma progression by sponging miR-138-5p
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Tongue squamous cell carcinoma (TSCC) is a malignant tumor. Long noncoding RNAs (IncRNAs) have been proved to
be involved in the regulation of the progression of various cancers. However, the mechanism of IncRNA urothelial cancer-
associated 1 (UCAL) in the progression of TSCC remains unclear. The expression levels of UCA1, microRNA-138-5p
(miR-138-5p), and CC chemokine receptor 7 (CCR7) were measured by quantitative real-time polymerase chain reaction
(qRT-PCR). The proliferation, migration, and invasion were detected using colony formation assay and transwell assay,
respectively. Western blot (WB) analysis was used to test the levels of proliferation and metastasis-related proteins and CCR7
protein. Moreover, the extracellular acidification rate (ECAR) of cells was measured by the Seahorse XF Extracellular Flux
Analyzer, and the adenosine triphosphate (ATP) level, glucose uptake, and lactate produce of cells were tested by their corre-
sponding assay kits. Further, the dual-luciferase reporter assay was used to confirm the interaction between miR-138-5p
and UCALI or CCR?7. In addition, the effect of UCAI on TSCC tumor growth in vivo was evaluated by animal experi-
ments. We found that UCA1 and CCR7 were upregulated, while miR-138-5p was downregulated in TSCC tissues. Silenced
UCA1 restrained the proliferation, migration, invasion, and glycolysis metabolism of TSCC cells. Similarly, knockdown of
CCR?7 also could suppress the progression of TSCC. Besides, UCA1 overexpression promoted TSCC progression, while this
promotion effect could be reversed by CCR?7 silencing. miR-138-5p could be sponged by UCA1 and could target CCR7.
Additionally, miR-138-5p overexpression could reverse the promotion effect of overexpressed UCA1 on TSCC progression.
Furthermore, the UCA1 knockdown reduced TSCC tumor growth in vivo. In conclusion, IncRNA UCA1 might function
as an oncogene in TSCC through regulating the miR-138-5p/CCR?7 axis, providing a new biomarker for TSCC treatment.
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Tongue squamous cell carcinoma (TSCC) is a common
type of oral cancer, accounting for about 25-40% of oral
cancers [1]. Although the clinical treatment of TSCC has
made great progress, the 5-year survival rate is still less
than 50% [2]. Most patients with advanced TSCC have local
infiltration or even lymph node metastasis, and often occur
postoperative recurrence [3, 4]. Therefore, exploring new
biomarkers is of great clinical significance for early diagnosis
of TSCC.

Long non-coding RNAs (IncRNAs) are a class of
functional RNA molecules that have been studied more in
recent years [5]. Studies have demonstrated that IncRNAs
are often expressed abnormally in many diseases, including
cancer [6, 7]. Many IncRNAs have also been associated with
the development of TSCC, such as CACS15, FALEC, and
THOR [8-10]. Urothelial cancer associated 1 (UCAL) is a
IncRNA derived from bladder cancer [11]. In recent years,
IncRNA UCAL1 has been found to be widely expressed in

other cancers and has been confirmed to have strong carci-
nogenic activity [12, 13]. Fang et al. reported that UCA1 was
upregulated in TSCC and correlated with the metastasis of
TSCC [14]. However, the mechanism of UCA1 in TSCC
progression is still not clear.

CC chemokine receptor 7 (CCR7) is a member of the
G-protein coupled heptad-helix receptor (GPCR) family
[15]. Studies had shown that CCR7 expression was related to
the invasion and migration of many cancers, including breast
cancer and bladder cancer [16, 17]. Not only that, CCR7 had
also been linked to the prognosis of cancer patients [18].
More importantly, the results of Feng et al. indicated that
CCR?7 had a high expression in TSCC [19]. Nevertheless, the
exploration of CCR7 might help us better understand the
mechanism of cancer metastasis.

At present, studies had proved that IncRNAs could play
a regulatory role through a variety of mechanisms, among
which they functioned as the sponges of microRNAs
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(miRNAs) had been proved most [20]. The purpose of this
study was to investigate the function of UCA1 in TSCC
progression and reveal the regulation network of its acting as
the competitive endogenous RNA (ceRNA), so as to provide
a reliable biomarker for TSCC treatment.

Patients and methods

Samples collection. TSCC tissues and the adjacent normal
tissues were obtained from 37 TSCC patients who recruited
from Binzhou People’s Hospital. All patients had written
informed consent, and their clinicopathological characteris-
tics were shown in Table 1. All study protocols were approved
by the Ethics Committee of Binzhou People’s Hospital.

Cell culture. TSCC cell lines (SCC4, SCC15, SCC25,
and CAL-27) were bought from the American Type Culture
Collection (ATCC, Manassas, VA, USA). Besides, TSCC cell
line (UM2, UM1) and human normal squamous epithelial
cells (NOK-SI) were obtained from Guandao Bio (Shanghai,
China). All cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM; Gibco, Carlsbad, CA, USA) containing
10% fetal bovine serum (FBS; Gibco), 100 U/ml penicillin
and 100 pg/ml streptomycin (Solarbio, Beijing, China) at
37°C in 5% CO, incubator.

Quantitative real-time polymerase chain reaction
(qRT-PCR). Total RNAs were extracted using Trizol
reagent (Invitrogen, Carlsbad, CA, USA) and reverse-
transcribed into complementary DNA (cDNA) using the
PrimeScript RT reagent Kit with gDNA Eraser (Takara,
Dalian, China). qRT-PCR was performed using SYBR
Green (Takara). Relative expression was determined using
the 2724 method and normalized using glyceraldehyde
3-phosphate dehydrogenase (GAPDH) or U6. The primers
were listed as follows: UCAL, F 5-CATGCTTGACACTTG-
GTGCC-3, R 5-GGTCGCAGGTGGATCTCTTC-3’; CCR7,
F 5-CTGGTGGTGGCTCTCCTTGT-3; R 5-TCGTCCGT-
GACCTCATCTTG-3’; GAPDH, F 5-GACTCATGACCA-
CAGTCCATGC-3, R 5-AGAGGCAGGGATGATGTTC-
TG-3’; miR-138-5p, F 5-GCGAGCTGGTGTTGTGAA-
TC-3, R 5-AGTGCAGGGTCCGAGGTATT-3’; U6, F
5-CTCGCTTCGGCAGCACA-3] R 5-AACGCTTCACGA-
ATTTGCGT-3.

Western blot (WB) analysis Tissues and cells were lysed
using RIPA buffer (Beyotime, Shanghai, China), and lysates
were collected. Equal amounts of protein were separated
by sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) gel and transferred onto polyvinylidene
fluoride (PVDF) membranes (Millipore, Billerica, MA,
USA). After blocked with 5% skim milk, the membranes
were incubated with primary antibodies against CCR7
(1:5000, ab32527, Abcam, Cambridge, MA, USA), c-myc
(1:1000, ab32072, Abcam), proliferating cell nuclear antigen
(PCNA; 1:1000, bs-0754R, Bioss, Beijing, China), Ki-67
(1:200, bs-23102R, Bioss), matrix metalloproteinase 2
(MMP2, 1:1000, bs-20705R, Bioss), MMP9 (1:500, bs-4593R,

Bioss), E-cadherin (1:50, ab40772, Abcam), Vimentin (1:500,
ab92547, Abcam) or GAPDH (1:1000, ab9485, Abcam) at
4°C overnight. Then, the membranes were incubated with
secondary antibody (1:2000, ab205718, Abcam) for 1 h, and
the protein signals were revealed with enhanced chemilumi-
nescence (GE Healthcare, Shanghai, China).

Cell transfection. UCA1 small interfering RNA (siRNA),
lentiviral short hairpin RNA (shRNA) and overexpression
plasmid (si-UCA1, sh-UCAL, and UCA1) or their negative
controls (si-NC, sh-NC and vector), CCR7 siRNA (si-CCR7)
and its negative control (si-NC), miR-138-5p mimic and
inhibitor (miR-138-5p and anti-miR-138-5p) or their
negative controls (miR-NC and anti-NC) were synthesized
by Ribobio (Guangzhou, China). Lipofectamine 3000 (Invit-
rogen) was used to transfect all plasmid vectors into CAL-27
and UMI cells.

Cell proliferation assay. The proliferation ability of cells
was detected by colony formation assay. Briefly, CAL-27 and
UMLI cells were seeded into 6-well plates. After transfection,
cells were incubated for 14 d. After that, CAL-27 and UM1
cells were fixed and stained, and the number of cloned cells
(>50 cells) was counted.

Transwell assay. Cell migration and invasion abilities were
measured by transwell assay. All the assays were performed
in transwell chambers (Corning Inc., Corning, NY, USA), in
which the invasion assay was executed in the upper chambers
coated with a Matrigel (Corning Inc.), while the migration
assay in non-coated. Briefly, CAL-27 and UM1 cells were
seeded into the upper chambers with serum-free medium,
and the lower chambers contained serum medium. After 24
h, cells were fixed and stained, and the number of migrated
and invaded cells was counted.

Table 1. Clinicopathological characteristics of TSCC patients.

Clinical parameter (n=37)
Age (years)

<60 24

>60 13
Gender

Male 22

Female 15
Histological grade

Low or undiffer 14

Middle or high 23
TNM stages

Tand II 25

Il and IV 12
Lymphatic metastasis

Yes 27

No 10
Distant metastasis

Yes 20

No 17
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Detection of extracellular acidification rate (ECAR).
After transfection for 48 h, glucose, oligomycin (OM), and
2-deoxy glucose (2-DG) (Seahorse Bioscience, Billerica, MA,
USA) were added to CAL-27 and UMI cells at the indicated
points. The ECAR of cells was monitored by the Seahorse XF
Extracellular Flux Analyzer (Seahorse Bioscience).

Measurement of adenosine triphosphate (ATP),
glucose, and lactate. According to the manufacturer’s agree-
ment, the ATP level, glucose uptake, and lactate production
of cells were measured by ATP Assay Kit, Glucose Assay Kit,
and Lactate Assay Kit (Amyjet, Wuhan, China) after trans-
fection for 48 h, respectively.

Animal experiments. BALB/c nude mice (male) were
bought from the Beijing HFK Bioscience Co., Ltd. (Beijing,
China). CAL-27 cells transfected with sh-UCA1 or sh-NC
were subcutaneously injected into nude mice. Tumor length
and width were measured once every 7 d. After 28 d, the
tumors were collected and stored at -80°C until use. All
animal experiments were approved by the Ethics Committee
of Binzhou People’s Hospital.

Dual-luciferase reporter assay. The sequences of UCA1
and CCR7 3’'UTR containing the miR-138-5p binding sites
and mutant binding sites were inserted into the pmirGLO
reporter vectors (Enzyme Research, Shanghai, China)
to construct WT/MUT-UCA1 and WT/MUT-CCR7
3’UTR vectors, respectively. CAL-27 and UMI1 cells were
seeded into 24-well plates and cultured for 24 h. Then,
Lipofectamine 3000 (Invitrogen) was used to co-transfect
the reporter vectors and miR-138-5p mimic or miR-NC
into CAL-27 and UM1 cells. After 48 h, Dual-Luciferase
Reporter Assay Kit (Beyotime) was used to assess the lucif-
erase activity of cells.

Statistical analysis. All data were analyzed by GraphPad
Prism 5.0 software (GraphPad Software, San Diego, CA,
USA) and represented as mean + standard deviation (SD).
Student’s t-test or one-way analysis of variance was used for
statistical analysis. A p-value <0.05 was defined as statisti-
cally significant.

Results

UCA1 was related to miR-138-5p and CCR7 in TSCC.
Firstly, we tested the expression of UCA1 and CCR7 in
TSCC tissues. As presented in Table 2, we found that UCAL1
and CCR?7 were remarkably overexpressed in TSCC tissues
compared with that in adjacent normal tissues. Interest-
ingly, we uncovered that miR-138-5p was significantly
lower expressed in TSCC tissues. Additionally, correlation
analysis revealed that miR-138-5p was negatively correlated
with UCAL expression, while CCR7 was positively corre-
lated with UCAL1 expression in TSCC tissues (Figures 1A,
1B). To further explore the level of UCA1 in TSCC, we also
detected UCA1 expression in TSCC cell lines. Compared to
NOK-SI cells, UCA1 expression was markedly promoted in
the TSCC cell lines (UM2, UM1, SCC4, SCC15, SCC25, and
CAL-27) (Figure 1C). Therefore, we concluded that UCA1
might play an important role in TSCC and might be related
to miR-138-5p and CCR?7 expression.

Silencing of UCAL1 inhibited the proliferation, migra-
tion, invasion, and glycolysis of TSCC cells. To investigate
the role of UCA1 in TSCC, we used si-UCA1 to knock down
its expression in CAL-27 cells. qRT-PCR results revealed
that si-UCA1 could effectively inhibit UCA1 expression,
indicating a good transfection efficiency (Figure 2A). Thus,
we explored the effect of UCA1 silencing on the proliferation,
migration, invasion, and glycolysis of CAL-27 cells. Colony
formation assay results indicated that the number of cloned
CAL-27 cells was obviously decreased in the si-UCA1 group
compared with the si-NC group (Figure 2B). Also, we detected

Table 2. Relative expression in TSCC tissues (TSCC) and adjacent normal
tissues (ANT).

RNA ANT (n=37) TSCC (n=37) p-value
UCA1 1.04+0.36 2.48+0.66 <0.0001
miR-138-5p 1.00+£0.30 0.45%0.21 <0.0001
CCR7 0.99£0.39 2.90£0.58 <0.0001
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Figure 1. UCA1 was related to miR-138-5p and CCR7 in TSCC. A, B) The correlation between UCA1 and miR-138-5p or CCR7 was measured by
Pearson correlation analysis. C) qRT-PCR was used to determine the expression of UCA1 in TSCC cell lines (UM2, UM1, SCC4, SCC15, SCC25, and

CAL-27) and NOK-SI cells. *p<0.05
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Figure 2. Effect of UCAL silencing on the progression of CAL-27 cells. CAL-27 cells were transfected with si-UCA1 or si-NC. A) The expression of
UCA1 was detected by qRT-PCR to evaluate the transfection efficiency of si-UCA1. B) Colony formation assay results showed that the proliferation of
CAL-27 cells was inhibited by UCA1 silencing. C) WB analysis revealed that the knockdown of UCA1 restrained the protein levels of c-myc, PCNA, and
Ki-67 in CAL-27 cells. D, E) Transwell assay results indicated that the migration and invasion of CAL-27 cells were suppressed by UCA1 knockdown.
F) WB analysis was performed to detect the protein levels of MMP2, MMP9, E-cadherin, and Vimentin in CAL-27 cells. G) The ECAR of CAL-27 cells
was measured by Seahorse XF Extracellular Flux Analyzer. H-J) Knockdown of UCA1 markedly increased the ATP level, glucose uptake, and lactate

production of CAL-27 cells. *p<0.05

the levels of proliferation-related proteins using WB analysis
and found that silenced UCAL1 suppressed the protein levels
of c-myc, PCNA, and Ki-67 in CAL-27 cells (Figure 2C),
which once again confirmed that the knockdown of UCA1
significantly reduced the proliferation ability of TSCC cells.
Transwell assay results showed that the silencing of UCA1
remarkably hindered the number of migrated CAL-27 cells
(Figure 2D). Also, the number of invaded CAL-27 cells was
markedly decreased in the si-UCA1 group compared with
the si-NC group (Figure 2E). These results suggested that the
knockdown of UCA1 suppressed the migration and invasion
of TSCC cells. Furthermore, WB analysis was also carried
out to detect the expression of metastasis-related proteins,
and the results showed that the expression of MMP2, MMP9,
and Vimentin was significantly decreased, while E-cadherin
protein level was markedly increased in the si-UCA1 group
(Figure 2F). Through measuring the ECAR level of CAL-27
cells, we found that the knockdown of UCAI markedly
reduced the ECAR level of CAL-27 cells (Figure 2G).
Moreover, the ATP level of CAL-27 cells was remarkably
decreased in the si-UCA1 group compared with the si-NC
group (Figure 2H). Furthermore, we also discovered that the
silencing of UCA1 significantly hindered the glucose uptake
and lactate production of CAL-27 cells (Figures 2I, 2J).
Similarly, we performed the same test with UM1 cells, and
the results were consistent with CAL-27 cells (Supplemen-
tary Figure S1). These data revealed that that UCAL1 played a
vital role in the progression of TSCC.

Silenced CCR7 hindered the proliferation, migra-
tion, invasion, and glycolysis of TSCC cells. At the same
time, we found that the protein level of CCR7 was also
increased in CAL-27 cells (Figure 3A). Therefore, we trans-
fected si-CCR7 into CAL-27 cells to measure the function
of CCR7 knockdown on TSCC progression. The decrease
of CCR7 expression after si-CCR7 transfection indicated
that the transfection efliciency of si-CCR7 was good, and
follow-up experiments could be conducted (Figure 3B).
Colony formation assay results suggested that silenced
CCR?7 inhibited the number of cloned CAL-27 cells (Figure
3C), and WB analysis indicated that the protein levels of
c-myc, PCNA, and Ki-67 were markedly decreased in the
si-CCR7 group, which indicated that CCR7 knockdown
restrained the proliferation of TSCC cells (Figure 3D).
Furthermore, the number of migrated and invaded CAL-27
cells was obviously hindered in the CCR?7 silencing group
(Figures 3E, 3F), suggesting that knockdown of CCR7
suppressed the migration and invasion of TSCC cells,
as evidenced by decreased the protein levels of MMP2,
MMP9, and Vimentin, and increased E-cadherin level
in the si-CCR7 group (Figure 3G). In addition, we also
discovered that the silencing of CCR7 restrained the ECAR
level, ATP level, glucose uptake, and lactate production
of CAL-27 cells (Figures 3H-3K), revealing that CCR7
knockdown suppressed the glycolytic metabolism of TSCC
cells. Furthermore, we also found similar results in UM1
cells transfected with si-CCR7 (Supplementary Figure S2).
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Figure 3. Effect of CCR7 silencing on the progression of CAL-27 cells. A) CCR7 expression was markedly elevated in CAL-27 cells compared to NOK-SI
cells. B-K) CAL-27 cells were transfected with si-CCR?7 or si-NC. (B) The protein level of CCR7 was detected by WB analysis to evaluate the transfec-
tion efficiency of si-CCR?7. (C) Colony formation assay results indicated that CCR7 knockdown could repress the proliferation of CAL-27 cells. (D) WB
analysis results suggested that CCR?7 silencing could hinder the protein levels of c-myc, PCNA, and Ki-67 in CAL-27 cells. (E-F) Transwell assay results
showed that the migration and invasion of CAL-27 cells were decreased by CCR7 knockdown. (G) WB analysis was used to determine the protein
levels of MMP2, MMP9, E-cadherin, and Vimentin in CAL-27 cells. (H) The ECAR of CAL-27 cells was measured by Seahorse XF Extracellular Flux
Analyzer. (I-K) Silenced CCR7 remarkably inhibited the ATP level, glucose uptake, and lactate production of CAL-27 cells. *p<0.05

Therefore, these results confirmed that CCR7 might play a
positive role in the progression of TSCC.

Knockdown of CCR7 could reverse the promotion
effect of UCA1 overexpression on the progression of
CAL-27 cells. Through the above experimental results,
we found that the effect of CCR7 knockdown on TSCC
cells was similar to that of UCAL silencing. To verify the
effect relationship between CCR7 and UCAIL, we trans-
fected with UCA1 overexpression plasmid and si-CCR7
into CAL-27 cells. The increased UCA1 expression showed
that the transfection efficiency of UCA1 overexpression
plasmid was good (Figure 4A). Through the detection of
the proliferation ability of TSCC cells, we found that UCA1
overexpression promoted the number of cloned cells and
the protein levels of c-myc, PCNA, and Ki-67 in CAL-27
cells, while CCR7 knockdown could invert this promotion
effect (Figures 4B, 4C). Besides, overexpressed UCA1 also
increased the number of migrated and invaded CAL-27
cells, accelerated the protein levels of MMP2, MMP9, and
Vimentin, and inhibited E-cadherin protein level, but this
effect also could be reversed by CCR7 silencing (Figures
4D-4F). Moreover, silenced CCR7 inverted the accelera-
tion effect of UCA1 overexpression on the ECAR level, ATP
level, glucose uptake, and lactate production of CAL-27
cells (Figures 4G-4]J). At the same time, we also discovered
similar results in UM1 cells (Supplementary Figure S3). All
data indicated that CCR7 might be a downstream gene of
UCAL

UCALI regulated CCR7 expression through sponging
miR-138-5p. To explore the mechanism of UCA1, we used
the miRcode tool to predict the potential target miRNAs of
UCAL. And we found that miR-138-5p had complementary
sites with UCAL. At the same time, we also discovered that
CCR7 3’UTR had binding sites with miR-138-5p using the
starBase tool (Figure 5A). Besides, dual-luciferase reporter
assay results revealed that the overexpression of miR-138-5p
remarkably suppressed the luciferase activity of WT-UCAL1
and WT-CCR7 3'UTR vectors, while had no effect on the
luciferase activity of MUT-UCA1 and MUT-CCR7 3’UTR
vectors in CAL-27 cells (Figures 5B, 5C), which confirmed
the interaction between miR-138-5p and UCA1 or CCR7.
Also, the expression of miR-138-5p was increased by
UCA1 knockdown and decreased by UCAI overexpres-
sion (Figure 5D). To investigate the effect of the miR-138-5p
expression on CCR7, we transfected miR-138-5p mimic and
inhibitor into CAL-27 cells. qRT-PCR results revealed that
miR-138-5p mimic markedly increased miR-138-5p expres-
sion in CAL-27 cells, while anti-miR-138-5p could decrease
its expression, suggesting that the transfection of both was
successful (Figure 5E). Through the detection of the CCR7
protein level, we discovered that the protein level of CCR7
was inhibited by miR-138-5p overexpression, while promoted
by miR-138-5p inhibition (Figure 5F). Furthermore, overex-
pressed UCAL increased CCR7 protein level, whereas this
promotion effect could be reversed by miR-138-5p overex-
pression, indicating that CCR7 expression was regulated
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Figure 5. UCA1 regulated CCR?7 expression through sponging miR-138-5p in CAL-27 cells. A) The sequences of UCA1 or CCR7 3’'UTR containing the
miR-138-5p binding sites or mutant binding sites were shown. B, C) Dual-luciferase reporter assay was used to detect the interaction between miR-
138-5p and UCA1 or CCR7 in CAL-27 cells. D) QRT-PCR was performed to assess the expression of miR-138-5p in CAL-27 cells to measure the effect
of UCAL1 expression on miR-138-5p expression. E) The expression of miR-138-5p was determined by qRT-PCR to evaluate the transfection efficiency
of miR-138-5p mimic and inhibitor. F) WB analysis was used to assess the protein level of CCR7 to detect the effect of the miR-138-5p expression on
CCR? expression. G) The protein level of CCR7 was measured by WB analysis to evaluate the overexpression of UCA1 and miR-138-5p on CCR?7 ex-
pression. *p<0.05
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by UCA1 and miR-138-5p (Figure 5G). Additionally, these
results were also confirmed in UM1 cells (Supplementary
Figure S4). Therefore, we concluded that UCA1 promoted
CCRY7 expression through sponging miR-138-5p.
miR-138-5p overexpression reversed the promotion
effect of UCA1 overexpression on the progression of
CAL-27 cells. To further confirm our results, we co-trans-
fected UCA1 overexpression plasmid and miR-138-5p mimic
into CAL-27 cells. As shown in Figure 6A, miR-138-5p
mimic could reverse the inhibition effect of UCA1 overex-
pression on miR-138-5p expression, indicating that both
transfections were successful. By measuring the number of
cloned CAL-27 cells and the protein levels of c-myc, PCNA,
and Ki-67, we uncovered that miR-138-5p overexpression
could invert the promotion effect of overexpressed UCA1 on
the proliferation of CAL-27 cells (Figures 6B, 6C). Further,
the increasing effect of UCA1 overexpression on the migra-
tion and invasion of CAL-27 cells also could be reversed
by miR-138-5p mimic, as demonstrated by the detection of
the number of migrated and invaded CAL-27 cells and the
protein levels of MMP2, MMP9, E-cadherin, and Vimentin
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(Figures 6D-6F). In addition, the promotion effect of UCA1
overexpression on the ECAR level, ATP level, glucose uptake,
and lactate production of CAL-27 cells also could be recov-
ered by miR-138-5p overexpression (Figures 6G-6]). More
importantly, the same results were also confirmed in UM1
cells (Supplementary Figure S5). Hence, our results revealed
that miR-138-5p was involved in the regulation of UCA1 on
TSCC progression.

Interference of UCA1 reduced TSCC tumor growth
in vivo. To further investigate the role of UCAL in TSCC,
we performed in vivo experiments. Through measurement
of 28 d, we found that the tumor volume was significantly
inhibited in the UCA1 knockdown group compared with
the sh-NC group (Figure 7A). Moreover, we also discovered
that the tumor weight of the sh-UCA1 group was markedly
decreased (Figure 7B). Besides, we performed qRT-PCR
to determine the effectiveness of sh-UCAI and the results
confirmed that UCA1 expression was remarkably suppressed
in the sh-UCA1 group (Figure 7C). Furthermore, we also
detected the expression of miR-138-5p and CCR7 in mice
tumors using qQRT-PCR and WB analysis, respectively. And
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Figure 6. Effects of UCA1 overexpression and miR-138-5p overexpression on the progression of CAL-27 cells. CAL-27 cells were co-transfected with
UCAL1 overexpression plasmid and miR-138-5p mimic as described. A) The expression of miR-138-5p was tested by QRT-PCR to confirm the transfec-
tion efficiency of UCA1 overexpression plasmid and miR-138-5p mimic. B) The number of cloned CAL-27 cells was determined using colony formation
assay. C) The protein levels of c-myc, PCNA, and Ki-67 in CAL-27 cells were measured by WB analysis. D, E) The number of migrated and invaded
CAL-27 cells was examined by transwell assay. F) WB analysis was employed to assess the protein levels of MMP2, MMPY, E-cadherin, and Vimentin
in CAL-27 cells. G) Seahorse XF Extracellular Flux Analyzer was performed to detect the ECAR of CAL-27 cells. H-J) The ATP, Glucose, and Lactate
Assay Kits were used to evaluate the ATP level, glucose uptake, and lactate production of CAL-27 cells. *p<0.05
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the results showed that the expression of miR-138-5p was
remarkably enhanced, while CCR7 expression was obviously
reduced in the sh-UCA1 group (Figures 7D, 7E). Hence, our
results concluded that high UCAL1 expression could increase
CCR?7 expression to promote the progression of TSCC by
targeting miR-138-5p (Figure 7F).

Discussion

The development of TSCC cannot be separated from the
interaction of various regulatory factors, including IncRNAs.
Studies have shown that many IncRNAs are abnormally
expressed in precancerous lesions of the oral cavity, which
may be related to the progression of oral cancer [21]. There-
fore, the study of IncRNAs is of great clinical value in TSCC.
Here, we selected a IncRNA, UCAI, which was reported
to be significantly upregulated in TSCC [14, 22]. Similar
to previous studies, we also found that UCA1 was highly
expressed in TSCC. Further experiments showed that the
knockdown of UCA1 suppressed proliferation, migration,
invasion, and glycolysis of TSCC cells, while the overex-
pression of it had the opposite effect. Also, silenced UCA1
reduced tumor growth of TSCC in vivo. These all indicated
that UCAL played a positive role in the development of
TSCC.

The role of CCR7 in tumor metastasis has been demon-
strated in many cancers [23, 24]. Wang et al. reported that
CCR?7 could also be involved in the proliferation of head
and neck squamous cell carcinoma [25]. Besides, Liu et al.
showed that CCR7 could promote dendritic cell migration
by increasing glycolysis, and there was a negative feedback
regulation [26]. A study by Guak et al. had shown that glyco-
lytic metabolism was essential for CCR7 oligomerization
[27]. This evidence indicated that CCR7 was not only related
to proliferation and migration but also to glycolysis of cells.
In our study, CCR7 was elevated in TSCC tissues and cells,
which was consistent with the previous studies [19]. CCR7
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expression was positively correlated with UCA1, and its
expression was regulated by UCAL in vitro and in vivo. The
silencing of CCR7 inhibited proliferation, metastasis, and
glycolysis of TSCC cells, and could reverse the promotion
effect of UCALI overexpression on TSCC progression. These
results confirmed the key role of CCR7 in the proliferation,
metastasis, and glycolysis of TSCC, and laid a foundation for
the study of CCRY7 in other diseases.

Many functions of IncRNAs in cancer have been clarified
and are considered to play a key role in the development of
cancers. We found that miR-138-5p had binding sites with
UCA1 or CCR7. It has been reported that miR-138-5p
suppressed cancer progression, including breast cancer, lung
adenocarcinoma, and renal carcinoma [28-30]. Jiang et al.
evidenced that miR-138 was downregulated in TSCC and
participated in the proliferation and invasion of TSCC [31].
And Ji et al. indicated that AKT1, a target gene of miR-138,
could regulate the migration and invasion abilities of TSCC
[32]. Therefore, miR-138-5p might be a vital regulator of
TSCC. Here, we confirmed that miR-138-5p expression was
regulated by UCAL in vitro and in vivo. Also, CCR7 expres-
sion was regulated by miR-138-5p and UCA1. Additionally,
the reversal effect of miR-138-5p overexpression on UCAL1
overexpression also once again confirmed that miR-138-5p
participated in the regulation of UCA1 on the progression
of TSCC. The discovery of miR-138-5p perfected the mecha-
nism of UCA1, built a new bridge between UCA1 and CCR7,
and provided a complete network for the clinical study of
TSCC.

At present, it has been found that many IncRNAs can
be used as markers of TSCC. For example, IncRNA CILA1
could serve as a biomarker for the chemosensitivity of TSCC
tumors [33] and LINC00152 could function as a biomarker
for the early detection and prognosis prediction of TSCC
[34]. Therefore, continuous exploration of IncRNA function
might provide a more theoretical basis for TSCC treatment.
This study clarified the role of UCA1 in the progression of
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Figure 7. Effect of UCA1 interference on TSCC tumor growth in vivo. A) Tumor volume was calculated with length x width?/2 method at the indicated
time points. B) Tumor weight was measured in mice. C, D) The expression of UCA1 and miR-138-5p in mice tumors were detected by qRT-PCR. E) WB
analysis was performed to measure the protein level of CCR7 in mice tumors. F) The summary diagram of this study is shown. *p<0.05



1264

T. T. SHL, R. LI, L. ZHAO

TSCC and its potential molecular mechanism, which was of
great clinical value for the treatment of TSCC.

In summary, we concluded that UCA1 played an oncogenic
role in TSCC through regulating the miR-138-5p/CCR?7 axis,
which provided a reliable biomarker for the clinical treat-
ment of TSCC.

Supplementary information is available in the online version
of the paper.
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