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ABSTRACT Wilms’ tumor is the most common type of renal tumor in children. MicroRNAs
(miRNAs) are small noncoding RNAs that play crucial regulatory roles in tumorigenesis. We
aimed to study the expression profile and function of miR-27a-5p in Wilms’ tumor. miR-27a-
5p expression was downregulated in human Wilms’ tumor tissues. Functionally, overexpres-
sion of miR-27a-5p promoted cell apoptosis of Wilms’ tumor cells. Furthermore, upregulated
miR-27a-5p delayed xenograft Wilms’ tumor tumorigenesis in vivo. Bioinformatics analysis
predicted that miR-27a-5p directly targeted the 39-untranslated region (39-UTR) of PBOV1,
and luciferase reporter assay confirmed the interaction between miR-27a-5p and PBOV1.
The function of PBOV1 in Wilms’ tumor was evaluated in vitro, and knockdown
of PBOV1 dampened cell migration. In addition, overexpression of PBOV1 antagonized
the tumor-suppressive effect of miR-27a-5p in Wilms’ tumor cells. Collectively, our findings
reveal the regulatory axis of miR-27a-5p/PBOV1 in Wilms’ tumor, and miR-27a-5p might
serve as a novel therapeutic target in Wilms’ tumor.
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Wilms’ tumor is the most common renal carcinoma, mostly occurring in children under
age 5 (1). The survival of Wilms’ tumor patients has been significantly improved from

less than 30% to more than 90% in the last decade due to modern therapeutic strategies
and technology (2, 3). However, current therapies, such as radiotherapy and chemotherapy,
have serious side effects with poor efficacy in patients with tumor metastasis (4–6). Meanwhile,
large-scale next-generation sequencing has identified multiple mutations of the candidate
driver in Wilms’ tumor (7). Thus, it is important to further our understanding of the molecu-
lar mechanisms of Wilms’ tumor oncogenesis and metastasis and develop new treatment
strategies.

MicroRNAs (miRNAs) are small noncoding RNAs that play crucial regulatory roles in various
biological processes, including tumorigenesis (8, 9). miRNAs posttranscriptionally regulate their
target gene expression via binding to the 39-untranslated region (39-UTR) of target mRNAs (8).
The expression and function of miRNAs in Wilms’ tumor have also been investigated (10).
miRNA microarray profiling results from 36 Wilms’ tumors of different subtypes and normal
kidney tissues demonstrated that various miRNAs were dysregulated in blastema Wilms’
tumors and a regressive subtype of Wilms’ tumor (11). Those miRNAs function as oncogenes
or tumor suppressors or mediate the chemosensitivity in Wilms’ tumor (11). Watson et al. also
reported that miRNAs could predict the chemoresponsiveness in Wilms’ tumor blastema, with
29 miRNAs identified to be markedly differentially expressed in posttreatment high-risk and in-
termediate-risk patients (12). Among their identified miRNAs, miR-27a-5p was reported as a
significantly downregulated miRNA in resistant blastemal cells from high-risk cases compared
to those from intermediate-risk cases. The downregulation of miR-27a-5p has been reported
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to increase the expression of P-glycoprotein, which further contributes to chemoresistance
and relapse in leukemia patients (13). However, the detailed functional role and molecular
mechanisms of miR-27 in Wilms’ tumor are not fully understood.

In this study, we evaluated the expression profile and function of miR-27a-5p in Wilms’
tumor and cell lines. The results demonstrated that miR-27a-5p was downregulated in
human Wilms’ tumor tissues and cells. Overexpression of miR-27a-5p inhibited cell prolifera-
tion, cell migration, and invasion and promoted cell apoptosis. Moreover, our data revealed
that miR-27a-5p suppressed tumorigenesis via negatively regulating PBOV1. In summary, our
findings suggest that miR-27a-5p might serve as a novel therapeutic target in Wilms’ tumor.

RESULTS
miR-27a-5p is downregulated in humanWilms’ tumor tissues and cells. To determine

the expression of miR-27a-5p in Wilms’ tumor, we performed quantitative PCR (qPCR) to
examine the miR-27a-5p expression in 20 pairs of Wilms’ tumor tissues and adjacent control
tissues (Fig. 1A). miR-27a-5p expression was significantly decreased in human Wilms’ tumor
tissues (Fig. 1A). Consistently, miR-27a-5p expression was measured in different Wilms’ tumor
cell lines, and the results showed that Wilms’ tumor cell lines (WiT49 and STA-WT3ab) had
markedly lower levels of miR-27a-5p than that in control cell line HEK 293T (Fig. 1B).

miR-27a-5p inhibits proliferation, migration, and invasion and promotes apoptosis
inWilms’ tumor cells. Then, we performed functional assays to assess the role of miR-27a-5p
in Wilms’ tumor cells. WiT49 and STA-WT3ab cells, which had relatively underexpressed
miR-27a-5p, were transfected with miR-27a-5p mimic to overexpress miR-27a-5p (Fig. 2A).
Overexpression of miR-27a-5p remarkably repressed cell proliferation (Fig. 2B) and pro-
moted cell apoptosis (Fig. 2C) in WiT49 and STA-WT3ab cells. Furthermore, compared with
the negative control, miR-27a-5p mimic transfection significantly suppressed cell migration
and invasion (Fig. 2D and E). To validate the suppressive function of miR-27a-5p overexpres-
sion on migration and invasion, we further examined the expression level of migration- and
invasion-related proteins, such as MMP-9, vimentin, and E-cadherin. We found that after trans-
fection with miR-27a-5p mimics, MMP-9 and vimentin were increased while E-cadherin was
decreased (Fig. 2F), which indicates that the miR-27a-5p overexpression could decrease migra-
tion and invasion capability of both WiT49 and STA-WT3ab cells. These findings suggest that
miR-27a-5p negatively regulates Wilms’ tumor development.

miR-27a-5p inhibits oncogenesis and metastasis of Wilms’ tumor in vivo. To verify
the tumor suppressor role of miR-27a-5p, an in vivo xenograft model was established in nude
mice by subcutaneous injection of WiT49 cells transfected with miR-27a-5p mimic or control
miRNA. The results demonstrated the tumor inhibitory function of miR-27a-5p in vivo. miR-
27a-5p overexpression significantly inhibited Wilms’ tumor development (Fig. 3A). Tumors
developed from the miR-27a-5p mimic group showed a much smaller size with a lower tumor
weight compared with those developed from control cells (Fig. 3B and C). The upregulated
miR-27a-5p expression was confirmed in tumors from the miR-27a-5p mimic group (Fig. 3D).

FIG 1 miR-27a-5p expression in Wilms’ tumor tissues and cell lines. (A) Relative expression of miR-27a-5p was
determined in 20 pairs of Wilms’ tumor tissues and adjacent normal control tissues by qPCR. (B) Relative
expression of miR-27a-5p was determined in Wilms’ tumor cell lines (WiT49, STA-WT3ab, RM1, and PSU-SK-1)
and control cell line HEK 293T by qPCR. **, P , 0.01.
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FIG 2 miR-27a-5p inhibits proliferation, migration, and invasion and promotes apoptosis in Wilms’ tumor cells. WiT49 or STA-WT3ab cells were
transfected with miRNA negative control (miR-NC) or miR-27a-5p mimic. (A) The relative expression of miR-27a-5p in WiT49 or STA-WT3ab cells was

(Continued on next page)
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PBOV1 is a direct target of miR-27a-5p inWilms’ tumor cells. To explore the potential
targets regulated by miR-27a-5p, we performed bioinformatics analysis using different online
databases (TargetScan, miRDB, and miRWalk). As shown in Fig. 4A, five genes, including
PBOV1, SPARC, ASB15, UBXN4, and GSDMA, were predicted to be the potential targets of
miR-27a-5p. WiT49 cells were transfected with miRNA negative control (miR-NC) or miR-
27a-5p mimic, and the relative expression of these potential targets was analyzed. PBOV1
was markedly downregulated by miR-27a-5p mimic (Fig. 4B). In addition, miR-27a-5p had the
putative binding sequences against 39-UTR of the PBOV1 gene (Fig. 4C). Luciferase reporter
assay further validated the interaction between miR-27a-5p and wild-type (WT) 39-UTR of
PBOV1, as miR-27a-5p markedly inhibited the luciferase activity of reporter vector containing
WT 39-UTR of PBOV1 (Fig. 4D). Moreover, we demonstrated that miR-27a-5p mimics signifi-
cantly inhibited the mRNA and protein levels of PBOV1 in WiT49 or STA-WT3ab cells (Fig. 4E
and G). In contrast, inhibition of miR-27a-5p enhanced the expression of PBOV1 in WiT49 or
STA-WT3ab cells (Fig. 4F and H).

Knockdown of PBOV1 suppresses cell migration and invasion and promotes cell
apoptosis of Wilms’ tumor cells.We found that Wilms’ tumor tissues had a much higher
expression level of PBOV1 compared with adjacent normal tissues (Fig. 5A). Similarly, we
detected higher expression of PBOV1 in Wilms’ tumor cells (WiT49 and STA-WT3ab) compared
with that in control HEK 293T cells (Fig. 5B). To study the function of PBOV1, small interfering
RNA (siRNA)-targeting PBOV1 was used to suppress the expression of PBOV1 in WiT49 or
STA-WT3ab cells. The knockdown efficiency was evaluated by Western blotting (Fig. 5C).
Functionally, we demonstrated that knockdown of PBOV1 suppressed cell proliferation
and enhanced apoptosis in WiT49 or STA-WT3ab cells (Fig. 5D and E), while transwell assay

FIG 2 Legend (Continued)
analyzed by qPCR. (B) Cell proliferation was analyzed at indicated time points by CCK8 assay. (C) Cell apoptosis was analyzed by annexin V/PI
staining and flow cytometry. (D, E) Cell migration and invasion were assessed by transwell assay. (F) Migration- and invasion-related proteins were
examined by Western blotting. *, P , 0.05; **, P , 0.01 versus miR-NC.

FIG 3 miR-27a-5p inhibits Wilms’ xenograft tumor growth in vivo. WiT49 cells were transfected with
negative control miRNA (miR-NC) or miR-27a-5p mimic and then inoculated into BALB/c nude mice to
develop the xenograft Wilms’ tumor. (A) Tumor growth was monitored and measured at indicated
time points. (B) Tumors were extracted and recorded on day 22. (C) Tumor weights of xenograft were
analyzed. (D) The relative expression of miR-27a-5p in xenograft tumors was analyzed by qPCR. *,
P , 0.05; **, P , 0.01 versus miR-NC.
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FIG 4 PBOV1 is a direct target of miR-27a-5p in Wilms’ tumor cells. (A) Bioinformatics analysis was performed to predict the
potential targets of miR-27a-5p using online databases TargetScan, miRDB, and miRWalk. (B) WiT49 cells were transfected with

(Continued on next page)
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revealed that inhibition of PBOV1 decreased the capability of cell migration and invasion
in WiT49 or STA-WT3ab cells (Fig. 5F and G). Thus, the results suggested that PBOV1 acted
as an oncogene in Wilms’ tumor.

Overexpression of PBOV1 antagonizes the tumor suppressor function of miR-
27a-5p in Wilms’ tumor cells. To validate the functional relationship between miR-27a-
5p and PBOV1, rescue experiments were performed. A Western blotting assay confirmed that
PBOV1 was markedly increased in WiT49 or STA-WT3ab cells (Fig. 6A). Following this, WiT49 or
STA-WT3ab cells were cotransfected with miR-27a-5p mimic and PBOV1, thereby divided into
the miR-NC, miR-27a-5p mimic, or miR-27a-5p mimic1pcDNA-PBOV1 group. Whereas miR-
27a-5p overexpression significantly decreased the expression of PBOV1, overexpression of
PBOV1 together with miR-27a-5p rescued PBOV1 expression in Wilms’ tumor cells (Fig. 6B).
Functionally, miR-27a-5p mimic inhibited cell proliferation, and PBOV1 overexpression abro-
gated the inhibitory effect of miR-27a-5p (Fig. 6C). Conversely, miR-27a-5p enhanced cell apo-
ptosis of WiT49 or STA-WT3ab cells. Overexpression of PBOV1 together with miR-27a-5pmimic
showed reduced cell apoptosis and was comparable to that in cells transfected with the miR-
NC control (Fig. 6D). In addition, overexpression of PBOV1 antagonized the inhibitory effect on
cell migration and invasion of miR-27a-5p in WiT49 or STA-WT3ab cells (Fig. 6E and F). Taken
together, the data suggested miR-27a-5p exerted its tumor-suppressive role in Wilms’ tumor
cells via downregulating PBOV1.

DISCUSSION

Studies have shown that miRNAs play essential roles in tumorigenesis and metastasis
(14, 15). miRNAs also exert the regulatory function in Wilms’ tumor and could be used as
diagnostic markers and predictors for chemoresponsiveness (12, 16). Here, we reported
that miR-27a-5p was underexpressed in Wilms’ tumor, and miR-27a-5p overexpression sup-
pressed Wilms’ tumor cell growth and metastasis. PBOV1 was demonstrated to be the direct
target of miR-27a-5p, and overexpression of PBOV1 abrogated the tumor-suppressive func-
tion of miR-27a-5p. Thus, our findings suggest a potential therapeutic target of miR-27a-5p
in Wilms’ tumor patients.

miR-27a-5p has been reported to suppress the tumorigenesis of multiple cancers,
including prostate cancer, small-cell lung cancer, and cervical adenocarcinoma (17–19).
Networks analysis showed that miR-27a-5p was dysregulated in Wilms’ tumor (20). In
another study, Watson et al. showed that downregulation of miR-27a was found in
high-risk Wilms’ tumors, which might be a predictor of chemoresponsiveness (12). We
confirmed that miR-27a-5p was underexpressed in Wilms’ tumor. Consistent with the
published data, the tumor-suppressive function of miR-27a-5p was validated both in
vitro and in vivo, as overexpression of miR-27a-5p inhibited the growth and metastasis
of Wilms’ tumor cells and promoted cell apoptosis.

Bioinformatics analysis predicted multiple potential targets of miR-27a-5p, while we
verified that miR-27a-5p mimics specifically inhibited the expression of PBOV1. PBOV1
was first identified as a human tumor-specific gene and is associated with the clinical
outcome of cancer patients (21, 22). The high-expression level of PBOV1 promoted G1/S transi-
tion and enhanced cell proliferation in prostate cancer (23). The function of PBOV1 was also
elucidated in hepatocellular carcinoma (HCC), and overexpression of PBOV1 was correlated
with poor prognosis of HCC patients, indicating PBOV1 as a prognostic biomarker of HCC
(24). The subcellular localization and the exact regulatory mechanism of PBOV1 is currently

FIG 4 Legend (Continued)
miR-NC or miR-27a-5p mimic. The relative expression of PBOV1, SPARC, ASB15, UBXN4, and GSDMA was analyzed by qPCR 48 h
later. (C) The predicted binding sequences between miR-27a-5p and WT or mutated 39-UTR of PBOV1. (D) WiT49 cells were
transfected with miR-NC or miR-27a-5p, together with luciferase reporter vectors containing WT or mutated 39-UTR of PBOV1.
The relative luciferase activity was analyzed 48 h later. (E) WiT49 or STA-WT3ab cells were transfected with miR-NC or miR-27a-
5p mimic. The relative expression of PBOV1 mRNA was analyzed by qPCR 48 h later. (F) WiT49 or STA-WT3ab cells were
transfected with miR-NC or miR-27a-5p inhibitor. The relative expression of PBOV1 mRNA was analyzed by qPCR 48 h later. (G)
WiT49 or STA-WT3ab cells were transfected with miR-NC or miR-27a-5p mimic. The relative expression of PBOV1 protein was
analyzed by Western blotting 48 h later. (H) WiT49 or STA-WT3ab cells were transfected with miR-NC or miR-27a-5p inhibitor.
The relative expression of PBOV1 protein was analyzed by Western blotting 48 h later. *, P , 0.05; **, P , 0.01 versus miR-NC.
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FIG 5 Knockdown of PBOV1 suppresses cell migration and invasion and promotes cell apoptosis of Wilms’ tumor cells. (A) The relative expression of PBOV1 mRNA
in 20 pairs of Wilms’ tumor tissues and adjacent normal tissues was analyzed by qPCR. (B) The relative expression of PBOV1 mRNA in Wilms’ tumor cell lines
(WiT49, STA-WT3ab, RM1, and PSU-SK-1) and control cell line HEK 293T was analyzed by qPCR. (C to G) WiT49 or STA-WT3ab cells were transfected with negative
control (si-NC) or si-PBOV1. (C) The protein level of PBOV1 was analyzed by Western blotting 48 h posttransfection. (D) Cell proliferation was analyzed by CCK8
assay. (E) Cell apoptosis was analyzed by annexin V/PI staining and flow cytometry. (F, G) Cell migration and invasion were assessed by transwell assay. *, P , 0.05;
**, P , 0.01 versus si-NC.
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FIG 6 Overexpression of PBOV1 antagonizes the tumor suppressor effect of miR-27a-5p in Wilms’ tumor cells. WiT49 or STA-WT3ab cells were transfected
with negative control (miR-NC), miR-27a-5p mimic, or miR-27a-5p mimic 1 pcDNA-PBOV1. (A) Confirmation of overexpression of PBOV1 in WiT49 or STA-WT3ab

(Continued on next page)
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unclear. Further investigations regarding the mechanism of PBOV1-related tumorigenesis
are required. For example, analysis of gene expression data sets of prostate cancer and
breast cancer revealed that PBOV1 expression was highly correlated to the expression level
of sonic hedgehog pathway, indicating that the hedgehog pathway could be one of the
regulators of PBOV1 expression in those cancer types (21). Zhang et al. demonstrated that
PBOV1 was regulated by miR-203 in fracture healing (25). In rheumatoid arthritis, mono-
cyte differentiation was controlled by the lncRNA NTT/PBOV1 axis (26). In this study, we
reported for the first time that PBOV1 was directly regulated by miR-27a-5p and PBOV1
overexpression antagonized the function of miR-27a-5p.

Though we demonstrated that the miR-27a-5p/PBOV1 axis regulated Wilms’ tumor devel-
opment and progression with both in vitro and in vivo evidence, there are several limitations
in this study. First, it is of great importance to further study whether high expression of
miR-27a-5p mediated the chemoresistance in Wilms’ tumor or not. Second, whether there
are other potential miRNAs involved in PBOV1 regulation remains unknown. Additionally,
the signaling pathways involved in the miR-27a-5p/PBOV1 axis in Wilms’ tumor need further
investigation.

In conclusion, miR-27a-5p acts as a tumor suppressor via negatively regulating PBOV1 in
Wilms’ cancer. Our data suggest that miR-27a-5p/PBOV1 might be utilized as a novel thera-
peutic target in Wilms’ tumor.

MATERIALS ANDMETHODS
Patient specimens. Twenty pairs of Wilms’ tumor and adjacent normal kidney tissues were obtained

from patients who underwent surgery at the Second Affiliated Hospital of Xi’an Jiaotong University (Xibei
Hospital) between March 2019 and September 2019. All Wilms’ tumor tissues were histopathologically con-
firmed and classified based on typing from the American National Wilms’ Tumor Study 5 and TNM staging
system. Tissues were snap-frozen and stored in liquid nitrogen until further analysis. The study was reviewed
and approved by the Ethics Committee of Xibei Hospital, and all patients provided written informed consent.
The ethics committee of the Second Affiliated Hospital of Xi'an Jiaotong University approved the study. The
investigation conforms to the principles outlined in the Declaration of Helsinki, and written informed con-
sent was obtained from all participants.

Cell culture.Wilms’ tumor-derived renal cancer cell lines WiT49, STA-WT3ab, RM1, and PSU-SK-1 and
control HEK 293T cells were purchased from the American Type Culture Collection (ATCC) (USA). Cryopreserved
cells were recovered from liquid nitrogen using a cell recovery kit (EXINNO, China) and cultured in Dulbecco
modified Eagle medium (DMEM) supplemented with 10% fetal bovine serum (FBS) (Gibco, USA) and 1% penicil-
lin/streptomycin (Gibco, USA) at 37°C in a 5% CO2 incubator.

Transfection. Transfection was conducted using Lipofectamine 2000 (Invitrogen, USA) following
manufacturer’s instructions. miR-27a-5p mimic or negative control (NC), miR-27a-5p inhibitor, and NC were
obtained from GenePharma (Shanghai, China). PBOV1 siRNA and scramble control were purchased from
Rubibio Company (Guangzhou, China). pcDNA 3.1-PBOV1 was obtained from GeneCopoeia (MD, USA).

Lentivirus infection and generation of stable cell line. To generate stable cell line overexpressing
miR-27a-5p or miR-NC, WiT49 cells were infected with lentivirus-miR-27a-5p mimic or lentivirus-miR-NC
lentivirus particles. Lentivirus-miR-NC vector or lentivirus-miR-27a-5p mimic vector, together with the
helper plasmids pHelper 1.0 (Gag and Pol) and pHelper 2.0 (VSVG plasmid) were transiently cotrans-
fected into HEK 293T cells using Lipofectamine 2000 (Invitrogen, USA) to package lentivirus particles,
respectively. When WiT49 cells were grown in the logarithmic growth phase, cells were infected with
lentivirus particles with a multiplicity of infection of 70. Then, limited dilution method was used, and
cells were cultured with puromycin (2 mg/mL) and screened for 14 days to select the stable cell lines
overexpressing miR-27a-5p or miR-NC.

Reverse transcriptase quantitative PCR. To analyze the relative expression levels of miR-27a-5p and
PBOV1, RNA was purified from Wilms’ tumor tissues or cultured cells using a total RNA extraction kit (EXINNO)
and then reverse transcribed into cDNA using miR-X miRNA synthesis kit (Clontech, USA) or SuperScript
Reverse Transcriptase III (Invitrogen, USA) following the manufacturers’ instructions. Quantitative PCR was con-
ducted using the SYBR green mix (TaKaRa, Japan) on a Bio-Rad real-time CFX96 system. U6 snRNA and GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) were used as the internal control. The gene expression was cal-
culated using the 22DDCT method. The following primers were used: hsa-miR-27a-5p, 59-AGGGCTTAGCTGCTTG
TGAGC-39; hsa-PBOV1-Forward, 59-AGTTCGAGACCAGCCTGACCAG-39, hsa-PBOV1-Reverse, 59-TTCAAGCAATTC
TCCGCCTCAGC-39; hsa-SPARC-Forward, 59-CAAGAAGCCCTGCCTGATGAGAC-39, hsa-SPARC-Reverse, 59-TTCCG
CCACCACCTCCTCTTC-39; hsa-GSDMA-Forward, 59-ACGCTGCTGGATGTGCTTGAG-39, hsa-GSDMA-Reverse, 59-AGA
GCCCTGCCGTTCCCTTC-39; hsa-ASB15-Forward, 59-GCCTGGACATTAGGTTTGACC-39, hsa-ASB15-Reverse, 59-GTC

FIG 6 Legend (Continued)
cells by Western blotting. (B) The relative mRNA level of PBOV1 in WiT49 or STA-WT3ab cells was analyzed by qPCR 48 h posttransfection. (C) Cell proliferation
was analyzed by CCK8 assay at indicated time points. (D) Cell apoptosis was analyzed by annexin V/PI staining and flow cytometry. (E, F) Cell migration and
invasion were assessed by transwell assay. *, P , 0.05; **, P , 0.01.
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AGGGGAGCCAGATAAGC-39; and hsa-UBXN4-Forward, 59-CCTTCTGATGCTCCTCTAGAAG-39, hsa-UBXN4-Reverse,
59-GGAAACATGGTTGCTAACGAAA-39.

Western blotting. Protein was prepared from tumor tissues or cultured cells using radioimmunopre-
cipitation assay (RIPA) buffer (Beyotime, China) and quantified with a bicinchoninic acid (BCA) protein
quantification kit (EXINNO). Protein samples were then diluted in loading buffer (EXINNO), and 20 mg
protein was loaded into each well and separated by 10% sodium dodecyl sulfate-polyacrylamide gel fol-
lowed by transfer onto a polyvinylidene difluoride membrane (Millipore, USA). The membranes were
incubated with primary antibody against PBOV1 (Abcam; ab216045) and b-actin (Abcam; ab8227), fol-
lowed by incubation with horseradish peroxidase conjugated secondary antibody. Protein bands were
visualized using an ECL detection kit (AccuRef Scientific, China). b-actin was used as a loading control.

Luciferase reporter assay. A 214-bp fragment containing the predicted interaction site of the 39-
UTR of wild-type (WT) PBOV1 was synthesized by Tsingke Biotechnology Co., Ltd. (Xi’an, Shaanxi, China), and
the mutated fragment was also synthesized. Luciferase reporter vectors containing WT or mutated 39-UTR of
PBOV1 were constructed into the backbone vector pGL3-Luc downstream of the renilla luciferase reporter
gene. WiT49 cells were cotransfected with reporter vectors and miR-NC or miR-27a-5p mimic Lipofectamine
3000 (Thermo Fisher, USA) according to the manufacturer’s instructions. After 48 h, renilla and firefly luciferase
activity was measured with a Dual-Luciferase reporter assay kit (Promega, USA).

CCK-8 assay. Transfected WiT49 or STA-WT3ab cells were seeded in 96-well plates at a density of
4,000 cells/well for 24 h. Ten microliters of Cell Counting Kit-8 (CCK-8, Dojindo, Japan) reagent was added into
each well at 24, 48, and 72 h posttransfection. After incubating at 37°C and 5% CO2 for 2 h, the absorbance
(450 nm) was recorded using a plate reader (Pulang New Technology, Beijing, China).

Cell apoptosis assay. Transfected WiT49 or STA-WT3ab cells were collected and stained with a BD
apoptosis analysis kit (BD Bioscience, USA) following the manufacturer’s instructions. After staining, cells
were analyzed using the CytoFlex flow cytometry machine (Beckman Coulter) and annexin V1 propidium iodide
(PI)—cells were defined as apoptotic cells. The results were analyzed by Flowjo v10.7.1 (TreeStar, USA).

Transwell assay. Transfected WiT49 or STA-WT3ab cells were resuspended in serum-free medium
and seeded to the top chamber (Corning, USA) with or without precoating of Matrigel (BD Bioscience, USA).
Complete medium with 10% FBS was added to the bottom chamber. After culture for 24 h at 37°C and 5%
CO2, the invaded or migrated cells at the bottom side of transwell membrane were fixed with 4% paraformal-
dehyde for 10 min and stained with 0.1% crystal violet (Solarbio, China) at room temperature for 30 min. After
washing 3 times with phosphate-buffered saline (PBS), the number of migrated cells were counted under a
phrase contrast microscope (Nikon, Japan).

Xenograft tumor model. Ten male BALB/c nude mice (5 to 6 weeks old) were purchased from SLAC
animal center (Shanghai, China) and randomly divided into 2 groups. WiT49 cells with stable overexpressing
miR-27a-5p mimic or miR-NC were inoculated subcutaneously into nude mice, respectively. Tumor growth was
recorded at indicated time points and calculated as follows: volume = length � width2/2. Mice were sacrificed
and analyzed on day 22. The experiments were approved by the Animal Care Committee of Xibei Hospital.

Statistical analysis. Results were shown as mean6 standard deviation (SD) from three independent
experiments and analyzed by using GraphPad Prism v7.0 (Prism, USA). Student's t test and one-way analysis of
variance (ANOVA) were conducted where necessary. A P value of,0.05 was defined as statistically significant.

Data availability. The data sets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.
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