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A B S T R A C T

Long noncoding RNAs (lncRNAs) play an essential role in cancer development. However, the contribution of the
lncRNA LINC00997 to kidney renal clear cell carcinoma (KIRC) has not been thoroughly elucidated to date. In
this study, we examined the expression and biological effect of LINC00997 in KIRC development. We also in-
vestigated the potential mechanism underlying the observed effects. We found that LINC00997 is highly ex-
pressed in multiple carcinomas, being highest in stage IV KIRC in our RNA-Seq datasets. In addition, our data
demonstrated that in KIRC patients, higher levels of LINC00997 are correlated with lower overall survival (OS)
and disease-free survival (DFS) rates. In 18 cases of KIRC, we found that LINC00997 expression was greater in
cancer tissues and metastases than in normal tissues. These results revealed that S100A11 is positively associated
with LINC00997 in KIRC, which is positively correlated with metastasis-associated molecules VIM, MMP2 and
MMP7. Our in vitro wound healing assay and Transwell tests demonstrated that interfering with either
LINC00997 or S100A11 expression reduced migration of 786-O cells by inhibiting VIM, MMP2 and MMP7
expression. Importantly, we verified LINC00997 and STAT3 binding by RIP and determined that both
LINC00997 and STAT3 bind to the S100A11 promoter, as shown by dual-luciferase reporter gene assay. In
addition, inhibiting LINC00997 or STAT3 expression attenuated S100A11 levels. Consequently, the LINC00997-
STAT3-S100A11 axis may promote the development of KIRC, and LINC00997 may represent a potential prog-
nostic biomarker and therapeutic target for KIRC patients.

1. Introduction

Kidney renal clear cell carcinoma (KIRC) is the most common type
of renal malignant tumor, accounting for 80%–90% of renal cell car-
cinomas (RCC). Disease incidence is approximately 209,000 new cases
per year and 102,000 deaths per year worldwide (Gupta et al., 2008). In
China, approximately 66,800 new cases and 13,860 deaths were esti-
mated to have occurred in 2015 (Chen et al., 2016). Although the
methods for tumor detection by ultrasound and computed tomography
have improved, many renal masses remain asymptomatic until the late
stages of disease. In fact, greater than 50% of RCCs are detected in-
cidentally through investigation of various nonspecific symptoms and
other abdominal diseases (Novara et al., 2011). Clinical data indicate
that one-third of RCC patients already have metastases at diagnosis
(Rini et al., 2009). Compared to other renal cell carcinomas, KIRCs have
a high rate of recurrence and metastasis. Furthermore, the prognosis of
patients with metastatic KIRC is notably poor with an average 5-year

survival rate of less than 10% (Rini et al., 2009). Very few biomarkers
have been identified for RCC compared to other cancers. Hence, de-
tection and identification of new and sensitive biomarkers for pre-
dicting progression and prognosis and for discovery of new, targeted
drugs for metastatic RCC are crucial.

Long noncoding RNAs (LncRNAs) are a subgroup of transcripts ex-
ceeding 200 nucleotides in length with limited protein coding capacity
(Kapranov et al., 2007; Sun et al., 2018a). LncRNAs modulate gene
expression at different levels, including epigenetic, transcriptional, and
posttranscriptional processing (Huarte, 2015; Maxmen, 2013; Schmitt
and Chang, 2013). Additionally, growing evidence has revealed that
lncRNAs play an important role in various cancers by regulating on-
cogenic or tumor-suppressing effects and may represent a new class of
cancer biomarkers and therapeutic targets (Yang et al., 2011; Hu et al.,
2014; Kogo et al., 2011). The YAP1-induced lncRNA MALAT1 is highly
expressed in colorectal cancer tissues and modulates epithelial-me-
senchymal transition molecules, SLUG and TWIST. Elevated MALAT1
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expression is correlated with metastasis and poor prognosis (Sun et al.,
2018b). LncRNA HOXA11-AS induces KLF2 mRNA degradation via in-
teracting with STAU1, promoting metastasis of gastric cancer (Liu et al.,
2017). Although studies have demonstrated that specific lncRNAs may
play an essential role in tumor development and the metastatic process
(Prensner et al., 2013), the precise roles of lncRNAs in KIRC remain
largely unknown.

In this study, expression features of LINC00997 were analyzed in
KIRC tissues, and LINC00997’s biological function was investigated in
KIRC cells. To further elucidate the biological effects of LINC00997, we
assessed whether this lncRNA could represent a useful diagnostic and
prognostic biomarker, as well as a potential therapeutic target, for KIRC
patients.

2. Materials and methods

2.1. Tissue specimens and clinical data collection

This study was approved by the First Affiliated Hospital of
Zhengzhou University. Written informed consent was obtained from all
patients. Eighteen kidney renal clear cell carcinoma (KIRC) tissues and
paired adjacent noncancerous tissues were collected from the First
Affiliated Hospital of Zhengzhou University from June 2017 to August
2018. Inclusion criteria were as follows: no preoperative chemotherapy,
radiotherapy, or targeted therapy; no other tumor types; and no auto-
immune diseases. Specimens obtained during surgery were im-
mediately snap frozen in liquid nitrogen and stored at −80 °C until
RNA extraction. Clinical staging of specimens was based on NCCN
guidelines.

2.2. Bioinformatics prediction

RNA-Seq datasets from GEPIA (http://gepia.cancer-pku.cn/) were
utilized to analyze the expression, prognosis and association of
LINC00997, S100A11, VIM, MMP2, and MMP7 with KIRC. LINC00997
is predicted to combine with the S100A11 promoter (Li et al., 2015).
The S100A11 promoter has two potential binding sites with the STAT3
protein based on analysis using the JASPAR database (Mathelier et al.,
2016). LINC00997 has the potential to combine with the STAT3 pro-
tein, as predicted by the LNCPRO database (Lu et al., 2013).

2.3. RNA extraction and reverse transcription

Total RNA was isolated from KIRC tissues, paired adjacent non-
cancerous tissues and KIRC cells using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) following the manufacturer’s instructions. RNA
quality was evaluated using a Nanodrop 2000 (Wilmington, DE, USA),
and RNA integrity was assessed using agarose gel electrophoresis. An
aliquot of 1 μg total RNA was reverse-transcribed into complementary
DNA (cDNA) according to the manufacturer’s protocol using a High-
capacity cDNA Reverse Transcription kit (Applied Biosystems, Foster
City, CA, USA).

2.4. Quantitative real-time PCR

Quantitative real-time PCR (qRT-PCR) was performed using a Roche
LightCycler® 480II system with TaqMan assays (Invitrogen, Carlsbad,
CA, USA) (NNT-AS1 assay ID: Hs 04333390_s1; GAPDH Catalog
number: 402869) and TaqMan® Universal Master Mix II without UNG
(Invitrogen, Carlsbad, CA, USA) to detect NNT-AS1 expression.
Transcript levels were normalized to GAPDH expression. qRT-PCR as-
says were performed in triplicate under the following conditions: (1)
95 °C for 10min and (2) 40 cycles of 95 °C for 15 s and 60 °C for 1min.
Relative NNT-AS1 expression was calculated using the ΔCT (Ct lncRNA-
Ct GAPDH) method.

2.5. Cell culture

Human KIRC 786-O cells were obtained from the American Type
Culture Collection (USA). 786-O cells were cultured in RPMI-1640
medium containing 10% FBS (Gibco, Carlsbad, CA, USA) and were in-
cubated at 37 °C under 5% CO2.

2.6. siRNA transfection of KIRC cells

Silencer select small interference RNAs (siRNAs) specific to
LINC00997, S100A11 and a control siRNA were obtained from Rio
(Guangzhou, China). For silencing RNA in 786-O cells, LINC00997-
specifc siRNAs (Invitrogen s53571), S100A11-specifc siRNAs
(Invitrogen 102868) and siRNA control (Invitrogen 1585252) were
transfected into 786-O cells. Transfection was performed using
Lipofectamine 3000 (Invitrogen, Waltham, MA, USA) according to the
manufacturer’s instructions.

2.7. Migration assay

The migratory ability of cells was assessed using a wound healing
assay created by a scrape using a 200 μl pipette tip. Swept cells were
lightly washed with PBS, and serum-free medium was added to the 6-
well plates. After 12 h and 72 h, the wound was observed and imaged to
directly assess the level of cell migration.

To assess cell migration, Transwell chambers (Sigma-Aldrich Co.
LLC., St. Louis, USA) were prepared with or without Matrigel. Then,
blood serum medium (10% FBS) was added to the bottom chamber.
786-O cells transfected with si-LINC00997, si-S100A11 or negative
control were digested for preparation of a cell suspension, which was
added to upper chamber for 24 h incubation. Subsequently, residual
cells in the upper chamber were gently wiped using a cotton bud. Cells
were immobilized with 4% paraformaldehyde and stained using 1%
crystal violet for 30min. After washing three times with PBS, cells were
imaged and counted using an IX71 inverted microscope (Olympus,
Tokyo, Japan). Every operation was performed three times for statis-
tical analysis.

2.8. RNA-binding protein immunoprecipitation assay

Two micrograms of cell extract were mixed with agarose beads,
which had been precipitated with STAT3 antibodies (9139, CST,
Boston, USA). Beads were washed briefly three times with GLB+ lysis,
and retrieved proteins were detected by Western blot. Coprecipitated
RNAs were detected by RT-qPCR.

2.9. Luciferase assay

The S100A11 wild type promoter with potential LINC00997 and
STAT3 binding sites or mutants for each site (for STAT3 binding) were
generated and fused to the luciferase reporter vector psi-CHECK-2
(Promega, Madison, WI, USA). HEK293 cells were plated in 24-well
plates and grown to 80% confluence. Cells were then cotransfected with
luciferase plasmids and si-LINC00997 or si-STAT3 and respective ne-
gative controls. After transfection for 48 h, firefly and renilla luciferase
activities were measured using a Dual-Luciferase Reporter Assay System
(Promega).

2.10. Statistical analyses

All statistical analyses were performed using SPSS version 19.0
(SPSS, Chicago, IL, USA). All measurements were performed in tripli-
cate. Significant differences between LINC00997 expression levels were
determined using a two-sided Student’s t-test. P-values less than 0.05
indicate a significant difference.
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3. Results

3.1. LINC00997 is correlated with poor prognosis and metastasis-associated
molecules in KIRC

To explore the expression characteristics and prognostic value of
LINC00997 in KIRC, the GEPIA RNA-Seq datasets were explored.
Results demonstrated that LINC00997 is highly expressed in multiple
cancers compared to normal tissues, including in KIRC, kidney renal
papillary cell carcinoma (KIRP), prostate adenocarcinoma (PAAD),
lymphoid neoplasm diffuse large B-cell lymphoma (DLBC), cholangio
carcinoma (CHOL), esophageal carcinoma (ESCA), glioblastoma mul-
tiforme (GBM), head and neck squamous cell carcinoma (HNSC), brain
lower grade glioma (LGG), pheochromocytoma and paraganglioma
(PCPG), skin cutaneous melanoma (SKCM) and liver hepatocellular
carcinoma (LIHC). LINC00997 expression in KIRC metastases was
higher than in nonmetastatic tumors (Fig. 1A). We collected 18 cases of
KIRC at our hospital and found that LINC00997 was detected at higher
expression levels in tumors compared to adjacent normal tissues
(P < 0.05). Meanwhile, LINC00997 was also associated with metas-
tasis (P < 0.05) (Fig. 1B). LINC00997 prognostic value in KIRC pa-
tients was analyzed via GEPIA RNA-Seq datasets. Overall survival (OS)
and disease-free survival (DFS) rates in highly expressed LINC00997
KIRC patients were decreased compared to patients with low

LINC00997 expression (both P < 0.01) (Fig. 1C). Importantly,
LINC00997 expression was closely correlated with metastasis-asso-
ciated molecules VIM, MMP2 and MMP7 (all P < 0.001) (Fig. 1D).
Consequently, LINC00997 may play an oncogene role, and its high
expression could predict poor prognosis in KIRC.

3.2. LINC00997 is closely associated with the oncogene S100A11

Through analyzing the GEPIA RNA-Seq datasets, we found that
LINC00997 was closely correlated with S100A11 in KIRC (P < 0.001)
(Fig. 2A). To examine the role of S100A11 in KIRC, we further analyzed
the GEPIA RNA-Seq datasets. S100A11 was highly expressed in multiple
cancers compared to their respective normal tissues, including KIRC,
kidney renal papillary cell carcinoma (KIRP), uterine corpus en-
dometrial carcinoma (UCEC), uterine carcinosarcoma (UCS), bladder
urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA), colon
adenocarcinoma (COAD), rectum adenocarcinoma (READ), stomach
adenocarcinoma (STAD), thyroid carcinoma (THCA), glioblastoma
multiforme (GBM), brain lower grade glioma (LGG), liver hepatocel-
lular carcinoma (LIHC), lung squamous cell carcinoma (LUSC), ovarian
serous cystadenocarcinoma (OV) and testicular germ cell tumors
(TGCT). Similar to LINC00997, S100A11 expression in KIRC metastases
was higher than in non-metastatic tumors (Fig. 2B). In the 18 cases of
KIRC from our hospital, S100A11 was expressed at significantly higher

Fig. 1. High expression of LINC00997 predicts poor prognosis and is correlated with metastasis-associated molecules in KIRC. A) LINC00997 was highly
expressed in multiple cancers compared to respective normal tissues and is closely correlated with KIRC metastasis, as shown by analysis of the GEPIA RNA-Seq
datasets. B). In 18 cases of KIRC, LINC00997 was more highly expressed in tumors compared to normal adjacent normal tissues (P < 0.05). In addition, LINC00997
is associated with metastasis. C) LINC00997 prognostic value in KIRC patients was analyzed via the GEPIA RNA-Seq datasets. OS and DFS rates in KIRC patients with
high LINC00997 expression were lower than those tumors with low expression (both P < 0.01). D) LINC00997 expression is closely correlated with metastasis-
associated molecules VIM, MMP2 and MMP7 (all P < 0.01).
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levels in tumors compared to adjacent normal tissues (P < 0.05). In
addition, S100A11 was associated with metastasis (P < 0.05)
(Fig. 2C). Furthermore, through analyzing the GEPIA RNA-Seq datasets,
OS and DFS rates in highly expressed S100A11 KIRC patients were
lower than in tumors with low S100A11 expression (both P < 0.01)
(Fig. 2D). S100A11 expression was closely correlated with VIM, MMP2
and MMP7 expression (all P < 0.01) (Fig. 2E). Therefore, LINC00997
is closely correlated with S100A11, which has been reported to regulate
metastasis in multiple cancers, and plays an essential role in KIRC
metastasis.

3.3. LINC00997 and S100A11 regulate migration and expression of VIM,
MMP2 and MMP7

As LINC00997 and S100A11 were both highly expressed in KIRC
and predicted a poor prognosis, we next examined their biological ef-
fects. 786-O cells were transfected with si-LINC00997, si-S100A11 or
negative controls. Transfected cells were cultured for subsequent ar-
rays. A wound healing assay was performed to evaluate migration
ability of 786-O cells. Our results showed that inhibiting LINC00997 or
S100A11 decreased migration in 786-O cells (Fig. 3A). Transwell assays
were also performed, demonstrating that interfering with LINC00997 or
S100A11 expression inhibits migration of 786-O cells (both P < 0.05)
(Fig. 3B). Western blotting was performed and revealed that interfering
with LINC00997 or S100A11 expression inhibits metastasis-associated
molecular expression of VIM, MMP2 and MMP7 (all P < 0.05)
(Fig. 3C). Taken together, these findings indicate that LINC00997 and
S100A11 regulate cancer cell migration in KIRC.

3.4. LINC00997-STAT3 regulates S100A11 expression

Finally, we assessed the relationship between LINC00997 and

S100A11. Our bioinformatics prediction demonstrated that LINC00997
might combine with the S100A11 promoter (Li et al., 2015). The
S100A11 promoter has two potential binding sites for the STAT3 pro-
tein suggested by analysis of the JASPAR database (Mathelier et al.,
2016). LINC00997 also has the potential of combining with STAT3
protein, as suggested by analyzing the LNCPRO database (Lu et al.,
2013). Therefore, we hypothesized that LINC00997 combines with the
STAT3 transcription factor to regulate S100A11 expression, promoting
KIRC metastasis. To test our hypothesis, we constructed luciferase
plasmids of the S100A11 promoter, S100A11-pro-luc (S100A11-pro
wt), S100A11-pro-1 mut (1264-1274: CTTTTTAGAAT to GCAAAGTC
TGC) and S100A11-pro-2 mut (335-345: TTTACAGAAAA to GCCTGC
ATTCG) for the following assays. To confirm that LINC00997 combines
with the S100A11 promoter, the plasmid and vector, along with si-
LINC00997 and negative control, were transfected into HEK293 cells.
Results from dual-luciferase reporter gene assays showed that silencing
LINC00997 significantly decreases luciferase values of S100A11-pro
transfected cells compared to negative control cells (Fig. 4A). To
identify combined activity of STAT3 with the S100A11 promoter, we
transfected these luciferase plasmids, si-STAT3 and their controls into
HEK293 cells. Dual-luciferase reporter gene assays were performed, and
results demonstrated that si-STAT3 significantly inhibits luciferase va-
lues in both S100A11-pro wt and S100A11-pro-2 mut cells (both
P < 0.05) but not in S100A11-pro-1 mut cells (P > 0.05, not sig-
nificant) (Fig. 4B). Lastly, the interaction between LINC00997 and
STAT3 was assessed through RIP assays in 786-O cells, which demon-
strated that LINC00997 combines with the STAT3 protein (Fig. 4C).
Importantly, to confirm the gene regulating expression ability of
LINC00997 and STAT3, si-LINC00997, si-STAT3 and their controls
were transfected into 786-O cells. Western blotting results revealed that
interfering with LINC00997 or STAT3 expression inhibited S100A11
expression compared to controls in 786-O cells (both P < 0.05)

Fig. 2. LINC00997 is closely associated with the oncogene S100A11 in KIRC. A) LINC00997 is closely correlated with S100A11 in KIRC shown by analysis of the
GEPIA RNA-Seq datasets (P < 0.01). B) S100A11 was highly expressed in multiple cancers compared to their respective normal tissues and was positively correlated
with metastasis in GEPIA RNA-Seq datasets. C) In 18 cases of KIRC, S100A11 was exhibited higher expression in tumors and metastasis cases compared to adjacent
normal tissues (both P < 0.05). D) S100A11 prognostic value in KIRC patients was analyzed via GEPIA RNA-Seq datasets. OS and DFS rates in tumors with high
expression of S100A11 were lower than those of tumors with low expression (both P < 0.01). E) S100A11 is closely correlated with metastasis-associated molecules
VIM, MMP2 and MMP7 in GEPIA (RNA-Seq datasets all P < 0.01).
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Fig. 3. LINC00997 and S100A11 regulate
migration and expression of VIM, MMP2
and MMP7. A) Si-LINC00997, si-S100A11 or
negative control was transfected into 786-O
cells. Transfected cells were cultured for sub-
sequent arrays. A wound healing assay was
performed to evaluate migration of 786-O
cells. Results showed that inhibiting
LINC00997 or S100A11 decreased migration of
786-O cells. B) Transwell test was also per-
formed, showing that interfering with
LINC00997 or S100A11 expression inhibits
migration of 786-O cells (*P < 0.05). C)
Western blotting was performed and showed
that interfering with LINC00997 or S100A11
expression inhibited metastasis-associated
molecular expression VIM, MMP2 and MMP7
(*P < 0.05). Three independent experiments
were performed.

Fig. 4. LINC00997-STAT3 regulates S100A11 expression. To verify binding of LINC00997 to the S100A11 promoter, a luciferase plasmid with the S100A11
promoter, S100A11-pro-luc (S100A11-pro wt), was constructed. A) The plasmid and vector along with si-LINC00997 and negative control were transfected into
HEK293 cells. Dual-luciferase reporter gene assay showed that LINC00997 silencing decreases luciferase values in S100A11-pro transfected cells compared to
negative control cells (*P < 0.05). B) To identify binding activity of STAT3 to the S100A11 promoter, the luciferase mutation plasmid of the S100A11 promoter,
S100A11-pro-1 mut and S100A11-pro-2 mut were constructed. These luciferase plasmids, si-STAT3 and their controls were transfected into HEK293 cells. Dual-
luciferase reporter gene assays were performed and showed that si-STAT3 inhibited luciferase values in S100A11-pro wt cells and S100A11-pro-2 mut cells
(*P < 0.05) but not in S100A11-pro-1 mut cells (ns, not significant). C) The interaction between LINC00997 and STAT3 was verified through RIP assays in 786-O
cells. Results demonstrated that LINC00997 combines with STAT3 protein (**P < 0.01). D). Interfering with LINC00997 or STAT3 expression inhibits S100A11
expression in 786-O cells (*P < 0.05). E) Schematic representation of a model depicting the major molecular mechanisms of the LINC00997-STAT3-S100A11 axis in
KIRC. Three independent experiments were performed.
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(Fig. 4D). These results suggest that the LINC00997-STAT3-S100A11
axis regulates metastasis in KIRC (Fig. 4E).

4. Discussion

Although surgical treatment has been reported to cure early stage
and local KIRC, for metastatic KIRC, patients face a worse prognosis
with limited therapeutic options (Novara et al., 2011). Therefore, bio-
markers are urgently needed for early diagnosis and evaluation of
disease progression in KIRC patients. In the present study, we detected a
novel lncRNA, LINC00997, which is significantly overexpressed in
metastatic KIRC. Importantly, we found that LINC00997 promotes KIRC
metastasis by inducing S100A11 transcription and increasing metas-
tasis-associated molecules VIM, MMP2 and MMP7. These results reveal
that LINC00997 plays an essential role in KIRC progression.

LncRNAs are crucial functional regulators involved in cancer diag-
nosis, prognosis and therapeutics. Multiple sources of evidence have
reported that abnormal lncRNA expression contributes to the occur-
rence and development of various cancers, including renal cell carci-
noma, by acting as oncogenes or tumor suppressors. LncRNA HOTTIP
promotes renal cell carcinoma progression through regulation of the
miR-615/IGF-2 pathway (Wang et al., 2018), lncRNA SARCC sup-
presses renal cell carcinoma progression by altering androgen receptor
(AR)/miRNA-143-3p signaling (Zhai et al., 2017), and therapeutic
regulation of HOTAIR by miR-203 overexpression may provide an op-
portunity to regulate renal cell carcinoma growth and metastasis
(Dasgupta et al., 2018). In addition, 11 lncRNAs are reportedly ab-
normally expressed in KIRC tissues (Blondeau et al., 2015). In this
study, we detected LINC00997, which was not included in the above
reported lncRNAs, demonstrating that LINC00997 is a novel lncRNA
that is highly expressed in KIRC tissues compared to normal tissues.

STAT3, a transcriptional activator and oncogene under normal
physiological conditions, is involved in cancer cell proliferation, inva-
sion, and migration (Yu et al., 2014). In addition, STAT3 promotes
cancer development by altering expression of other genes in cancer cells
(Yuan et al., 2015). It has been reported that STAT3-induced lncRNA
HAGLROS overexpression contributes to the malignant progression of
gastric cancer cells via mTOR signal-mediated inhibition of autophagy.
In this study, we verified that LINC00997 combines with the STAT3
transcription factor to regulate S100A11 expression, promoting KIRC
metastasis.

To the best of our knowledge, our study is the first to reveal the
biological effects of LINC00997 and to confirm a close association be-
tween LINC00997 and KIRC prognosis. Additionally, we demonstrated
that LINC00997 is closely correlated with metastasis-associated mole-
cules VIM, MMP2 and MMP7. Using bioinformatics analysis, we found
that LINC00997 might regulate metastasis-associated molecules VIM,
MMP2 and MMP7 via regulation of S100A11 in KIRC. To identify the
mechanism whereby this occurs, we demonstrated that LINC00997 and
STAT3 binding occurs by RIP and that both LINC00997 and STAT3 bind
the S100A11 promoter. Importantly, inhibiting LINC00997 or STAT3
resulted in reduced S100A11 expression. Taken together, our results
suggest that the LINC00997-STAT3-S100A11 axis plays an essential
role in KIRC progression and potentially contributes to KIRC diagnosis
and therapy.

In summary, LINC00997 plays a critical role in promoting KIRC
metastasis by combining with STAT3, increasing S100A11 expression
and elevating levels of metastasis-associated molecules VIM, MMP2 and
MMP7. Based on these findings, LINC00997 may represent a potential
prognostic biomarker, a therapeutic target, and a predictor for clinical
outcomes in KIRC patients.
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