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Long Non-coding RNA /IRAIN Inhibits
VEGFA Expression via Enhancing Its
DNA Methylation Leading to Tumor
Suppression in Renal Carcinoma

Yang Li*, Qingyang Luo, Zun Li, Yun Wang, Chaoyang Zhu, Tieqiang Li and Xiaodong Li

Department of Urinary Surgery, Huaihe Hospital, Henan University, Kaifeng, China

Aims: Long non-coding RNA IRAIN (IncRNA /RAIN) plays a critical role in numerous
malignancies. However, the function of INcRNA /RAIN in renal carcinoma (RC) remains
enigmatic. The purpose of this study is to characterize the effects of INcCRNA /RAIN on
RC progression.

Methods: The expression pattern of INcRNA /RAIN and the vascular endothelial growth
factor A (VEGFA) in RC tissues and cells was characterized by RT-gPCR and Western blot
analysis. The roles of INcCRNA /RAIN and VEGFA in the progression of RC were studied by
gain- or loss-of-function experiments. Bioinformatics data analysis was used to predict
CpG islands in the VEGFA promoter region. MSP was applied to detect the level of DNA
methylation in RC cells. The interaction between INcRNA IRAIN and VEGFA was identified
by RNA immunoprecipitation and RNA-protein pull down assays. Recruitment of DNA
methyltransferases (Dnmt) to the VEGFA promoter region was achieved by chromatin
immunoprecipitation. The subcellular localization of INncRNA IRAIN was detected by
fractionation of nuclear and cytoplasmic RNA. Cell viability was investigated by CCK-8
assay, cell migration was tested by transwell migration assay, and apoptosis was
analyzed by flow cytometry. The expression of epithelia-mesenchymal transition-related
and apoptotic factors was evaluated by Western blot analysis. Finally, the effect of the
INcRNA IRAIN/NVEGFA axis was confirmed in an in vivo tumor xenograft model.

Results: LncRNA /RAIN was poorly expressed in RC tissues and cells with a primary
localization in the nucleus, while VEGFA was highly expressed. Overexpression of INncRNA
IRAIN or knockdown of VEGFA inhibited cell proliferation and migration and induced the
apoptosis of RC cells. Bioinformatics analysis indicated the presence of CpG islands in
the VEGFA promoter region. Lack of methylation at specific sites in the VEGFA promoter
region was detected through MSP assay. We found that INcRNA /RAIN was able to
inhibit VEGFA expression through recruitment of Dnmt1, Dnmt3a, and Dnmt3b to the
VEGFA promoter region. LncRNA /RAIN was also able to suppress RC tumor growth via
repression of VEGFA in an in vivo mouse xenograft model.

Conclusion: Our data shows that by downregulating VEGFA expression in RC, the
INcRNA IRAIN has tumor-suppressive potential.

Keywords: renal carcinoma, long non-coding RNA /RAIN, vascular endothelial growth factor A, DNA
methyltransferase, DNA methylation, tumor-suppressive potential, tumor development, tumor progression
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FIGURE 5 | Upregulation of IncRNA /RAIN downregulates VEGFA via recruitment of DNA methylase to the promoter region of VEGFA. (A) The correlation analysis of
the expression between INCRNA /RAIN and VEGFA. (B) The expression of INcRNA /RAIN in 786-O and A498 cells after alteration of INcRNA /RAIN measured by
RT-gPCR normalized to GAPDH. (C) The expression of VEGFA in 786-O and A498 cells after alteration of IncRNA /RAIN measured by Western blot analysis
normalized to GAPDH. (D) CpG islands in the VEGFA promoter region predicted on MethPrimer (http://www.urogene.org/cgi-bin/methprimer/methprimer.cgi). (E)
Methylation status at specific sites in HK-2 and 786-0O cells detected by MSP. (F) Methylation status at specific sites in HK-2 and 786-0 cells in response to oe-IRAIN
detected by MSP. (G) Binding form between the INcRNA /RAIN and VEGFA promoter regions examined by a Blast online alignment. (H) The binding of INcRNA IRAIN
and methyltransferase assessed by RIP assay. (I) The binding of INcRNA /RAIN and methyltransferase assessed by RNA-protein pull down. (J) Methyltransferase
enrichment in the VEGFA promoter region detected by ChIP assay. *p < 0.05 cells transfected with sh-/RAIN vs. cells transfected with sh-NC. #p < 0.05 cells
transfected with oe-IRAIN vs. cells transfected with oe-NC. Measurement data were expressed as mean =+ standard deviation. Data between two groups were
compared using unpaired t-test. The experiment was repeated independently 3 times.

hybrid form (Figure 5G). RIP assay was used next in order
to analyze the interaction between IncRNA IRAIN and DNA
methyltransferase. The results showed markedly enhanced
binding of Dnmtl, Dnmt3a, and Dnmt3b to the VEGFA
promoter in 786-O cells overexpressing the IncRNA IRAIN
(Figure 5H). Furthermore, an RNA-protein pull-down assay
showed that Bio-IRAIN-WT was able to pull down Dnmtl,

Dnmt3a, and Dnmt3b, but the Bio-IRAIN-MUT construct was
not able pull down these proteins (Figure 5I). Next, ChIP assay
demonstrated a significant increase in the enrichment of Dnmtl,
Dnmt3a, and Dnmt3b in the VEGFA promoter region after
overexpressing the IncRNA IRAIN (Figure 5J). In summary,
upregulation of the IncRNA IRAIN decreased VEGFA expression
by recruiting DNA methylases to the promoter region of VEGFA.
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FIGURE 6 | Overexpression of INcRNA JRAIN restrains 786-O cell proliferation and migration and accelerates 786-O cell apoptosis through inhibition of VEGFA. The
786-0 cells were transfected with oe-NC, oe-IRAIN, or oe-IRAIN + oe-VEGFA. (A) The expression of INcCRNA /RAIN in 786-O cells examined by RT-gPCR normalized
to GAPDH. (B) The expression of VEGFA in 786-O cells determined by Western blot analysis normalized to GAPDH. (C) Proliferation of 786-O cells measured by
CCK-8 assay. (D) Migration of 786-O cells examined by Transwell assay (x 200). (E) Protein levels of EMT-related factors (E-cadherin and N-cadherin) in 786-O cells
normalized to GAPDH determined by Western blot analysis. (F) Apoptosis of 786-O cells detected by flow cytometry. (G) The expression of apoptosis-related factors
measured by Western blot analysis normalized to GAPDH. *o < 0.05 786-O cells transfected with oe-IRAIN vs. 786-O cells transfected with oe-NC. #p < 0.05
786-0 cells transfected with oe-IRAIN 4 oe-VEGFA vs. 786-O cells transfected with oe-IRAIN. Measurement data were expressed as mean + standard deviation.

Comparisons among multiple groups were conducted by one-way ANOVA with Tukey’s post-hoc test. Data at different time points were compared by
repeated-measures ANOVA, followed by Bonferroni post-hoc test. The experiment was repeated independently 3 times.

By Inactivating VEGFA, LnhcRNA IRAIN
Inhibits Proliferation and Migration, While

Increasing the Apoptosis of RC Cells

Next, in order to investigate the effects of IncRNA IRAIN-
regulating VEGFA on the proliferation, migration, and apoptosis
of RC cells, we transfected A498 and 786-O cells with oe-
IRAIN alone or in the presence of oe-VEGFA. LncRNA
IRAIN expression was measured by RT-qPCR, which showed
that IncRNA JRAIN expression was significantly increased in
IncRNA IRAIN-overexpressing A498 and 786-O cells. There was
no significant difference regarding the expression of IncRNA
IRAIN between cells transfected with oe-IRAIN and cells
transfected with oe-IRAIN + oe-VEGFA (p > 0.05; Figure 6A,
Supplementary Figure 1A). Western blot analysis demonstrated
a significant decrease of VEGFA in oe-IRAIN-transfected cells,
which was restored by oe-VEGFA transfection (Figure 6B,
Supplementary Figure 1B).

CCK-8 (Figure 6C, Supplementary Figure 1C), Transwell
(Figure 6D, Supplementary Figure 1D), Western blot analysis
(Figure 6E, Supplementary Figure 1E), and flow cytometry
(Figure 6F, Supplementary Figure 1F) assays indicated that in

response to oe-IRAIN, 786-O and A498 cell proliferation and
migration were notably diminished, while the cell apoptosis
was increased, E-cadherin expression was elevated, and N-
cadherin expression was diminished. All effects were restored
upon overexpressing VEGFA. The expression of apoptosis-
related factors was measured by Western blot analysis, and,
as documented in Figure 6G, Supplementary Figure 1G, Bax
and cleaved-caspase3 expression was significantly increased
but bcl-2 expression was notably decreased in 786-O and
A498 cells in response to oe-IRAIN, which was reversed after
oe-VEGFA treatment. These data show that overexpression
of the IncRNA IRAIN suppressed the proliferation
and migration of RC cells by inhibiting VEGFA, while
apoptosis is induced.

For further exploration of the regulatory role of IncRNA
IRAIN on RC cell proliferation, migration, and apoptosis, we
knocked down IncRNA IRAIN with/without knockdown of
VEGFA in A498 cells, followed by evaluation of the resulting
cell proliferation, migration, and invasive ability. RT-qPCR
was performed first to determine the expression of IncRNA
IRAIN and results showed presence of sh-IRAIN corresponded
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FIGURE 7 | Upregulated IncRNA IRAIN suppresses A498 cell proliferation and migration and induces apoptosis through inhibition of VEGFA. The A498 cells were
transfected with sh-NC, sh-/RAIN, or sh-IRAIN + sh-VEGFA. (A) The expression of the INcRNA /RAIN in A498 cells was examined by RT-gPCR and normalized to
GAPDH. (B) The expression of VEGFA in A498 cells determined by Western blot analysis normalized to GAPDH. (C) Proliferation of A498 cells measured by CCK-8
assay. (D) Migration of A498 cells examined by Transwell assay (x 200). (E) Protein levels of EMT-related factors (E-cadherin and N-cadherin) in A498 cells normalized
to GAPDH determined by Western blot analysis. (F) Apoptosis of A498 cells detected by flow cytometry. (G) The expression of apoptosis-related factors (bcl-2, Bax,
and cleaved-caspase3) measured by Western blot analysis normalized to GAPDH. *p < 0.05 A498 cells transfected with sh-IRAIN vs. A498 cells transfected with
sh-NC. #p < 0.05 A498 cells transfected with sh-IRAIN + sh-VEGFA vs. A498 cells transfected with sh-/RAIN. Measurement data were expressed as mean +
standard deviation. Comparisons among multiple groups were conducted by one-way ANOVA with Tukey’s post-hoc test. Data at different time points were
compared by repeated measures ANOVA, followed by Bonferroni post-hoc test. The experiment was repeated independently 3 times.
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to significantly downregulated IncRNA IRAIN (p < 0.05) yet
the addition of sh-VEGFA made IncRNA JRAIN expression
insignificantly different (p > 0.05) (Figure 7A). Further, Western
blot analysis for VEGFA quantification revealed that VEGFA
expression was significantly diminished by sh-IRAIN, the effect
of which was abolished by sh-VEGFA (p < 0.05) (Figure 7B).
Subsequently, CCK-8 (Figure 7C), Transwell (Figure 7D), and
flow cytometry assays (Figure 7F) were followed to assess A498
cell proliferation, migration, and apoptosis. Meanwhile, Western
blot analysis was carried out to quantify EMT-related factors
(E-cadherin and N-cadherin) (Figure 7E) and apoptosis-related
factors (Bax, cleaved-caspase3, and bcl-2) (Figure 7G). It was
found that in A498 cells carrying sh-IRAIN, cell proliferation
and migration were promoted and cell apoptosis was inhibited,
accompanied by lower levels of E-cadherin, Bax, and cleaved-
caspase3 as well as higher levels of N-cadherin and bcl-
2. Opposite changing tendency was observed in A498 cells
carrying sh-IRAIN + sh-VEGFA. Taken together, these findings
indicated that silencing IncRNA IRAIN contributed to RC cell
proliferation and migration while curbing cell apoptosis by
upregulating VEGFA.

LncRNA /RAIN Impedes Tumor Growth of
RC via VEGFA Suppression in vivo

Stably transfected 786-O cells were inoculated into nude mice in
order to explore the effects of IncRNA IRAIN and VEGFA on
tumor growth of RC in vivo. The tumor growth curve, tumor size,
and weight of nude mice were analyzed. It became apparent that
tumor size and weight were markedly reduced in mice injected
with oe-IRAIN-transfected cells, which was rescued by treatment
with oe-VEGFA (Figures 8A-C). Then, KI67 expression was
detected by immunohistochemistry, the results of which revealed
significantly higher KI67 levels in the presence of oe-IRAIN,
while further delivery of oe-VEGFA counterweighed the effects
of oe-IRAIN (Figure 8D). In conclusion, upregulated IncRNA
IRAIN repressed tumor growth of RC through inhibition of
VEGFA in vivo.

DISCUSSION

Malignant RC composes 2% of the global cancer burden, with
increasing incidence rate (2). Thus, RCC tumor biology is
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FIGURE 8 | Overexpression of INcRNA /RAIN restrains tumor growth of RC in vivo through suppression of VEGFA. Mice were injected with 786-O cells which were
transfected with oe-NC, oe-IRAIN, or oe-IRAIN + oe-VEGFA. (A) Tumor size of nude mice. (B) Tumor weight of nude mice. (C) The tumor growth curve. (D) KI67
expression in tumor tissues identified by immunohistochemistry. *o < 0.05 mice treated with oe-IRAIN vs. mice treated with oe-NC. #p < 0.05 mice treated with
oe-IRAIN + oe-VEGFA vs. mice treated with oe-/RAIN. Measurement data were expressed as mean =+ standard deviation. Comparisons among multiple groups were
conducted by one-way ANOVA with Tukey’s post-hoc test. Data at different time points were compared by repeated measures ANOVA, followed by Bonferroni
post-hoc test. n = 15. The experiment was repeated independently 3 times.

urgently needed to understand the progress and to identify novel
biomarkers for treatment of RC (21). Fortunately, emerging
evidence has demonstrated that IncRNAs play a key role in the
progression of RC, which may function as new targets for the
development of therapeutic strategy for RC (22-24). In this paper,
our aim is to investigate the functional role of IncRNA IRAIN in
RC. After functional experiments and analysis were carried out,
we found that overexpressed IncRNA IRAIN could inhibit cell
proliferation and migration and induce cell apoptosis in RC by
inhibiting VEGFA.

In this study, we show that IncRNA IRAIN was downregulated
in RC cells and tissues, which was consistent with the results in
RCC tissues and cells reported by Wang et al. (25). Similarly,
a study also showed downregulation of IncRNA IRAIN in
non-M3 acute myeloid leukemia clinical specimens (26). Our
data also demonstrated that IncRNA IRAIN downregulated
VEGFA via recruitment of DNA methylation to the promoter
region of VEGFA as evidenced by increased recruitment
of Dnmtl, Dnmt3a, and Dnmt3b at the VEGFA promoter
after overexpression of IncRNA IRAIN. DNA methylation is
capable of regulating gene expression, genomic stability, and
cell fate commitment (27). This mechanism consists of two
major processes: de novo methylation and maintenance of
methylation, both of which are catalyzed by specific DNA
methyltransferases including Dnmtl, Dnmt2, Dnmt3A, and

Dnmt3b (28). Interestingly, DNA methylation of the VEGFA
promoter by Dnmt3a-3L sc mutation results in inhibition of
VEGFA (29). VEGFA is upregulated in a variety of cancers such as
in osteosarcoma (30), breast cancer (31), and bladder cancer (32).
A previous study had suggested that VEGFA is also upregulated
in RC (33, 34). A similar result was reported in the current study
that VEGFA was observed to have high expression in RC cells.
Therefore, we concluded that IncRNA TRAIN decreased VEGFA
expression by recruiting DNA methylases to the promoter region
of VEGFA, thus playing a suppressive role in RC.

More importantly, IncRNA JRAIN overexpression repressed
cell proliferation and migration but induced cell apoptosis in
RC by downregulating VEGFA. A plethora of research studies
identified that IncRNAs could target VEGFA in cancers such
as lung adenocarcinoma (35) and endometrial carcinoma (36).
LncRNA IRAIN stimulates anti-apoptosis and proliferation via
methylation-dependent repression of Kruppel-like factor 2 and
P15 in pancreatic cancer cells (11). Our findings were in
support of the current literature, which clarified that upregulation
of IncRNA IRAIN transcription triggered repression of cell
proliferation, migration, and invasion in breast cancer cells (9).
It is common knowledge that VEGFA has tumor-promoting
properties by facilitating cell proliferation and migration (37-39).
A corroborating study previously confirmed that suppression
of VEGFA inhibits proliferation, migration, and promotes
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apoptosis of ccRCC cells (40). Another study also elucidated
that inhibition of VEGFA as well as its receptor and the signal
transduction pathway can inhibit tumor growth in cervical
cancer (41). Consistent with our work, downregulation of
VEGFA was shown to restrain cell proliferation and migration
as well as facilitate cell apoptosis of endometrial cancer cells
(36). More importantly, previous studies have pointed out
the significance of methylation levels at the paraoxonase 1
(PON1) and forkhead box protein M1 (FOXM1) promoter
regions to the progression and development of RC (42, 43),
highly suggestive of the potential regulatory function of IncRNA
IRAIN in the progression and development of RC involving
other protein targets like PON1 and FOXM1. Also, VEGFA has
been recognized to participate in tumorigenesis by mediating
angiogenesis (44, 45), yet we focused on the regulatory role
of VEGFA in RC cell survival, migration, and invasion,
underscoring the various forms of regulation of VEGFA in RC,
which requires further investigation in the future. However,
given the mounting evidence regarding the aberrant expression
of VEGFA in RC (40, 46), treatment modalities involving
antibodies against VEGFA may hold therapeutic promise for
RC management.

In summary, our study supports the anti-oncogenic potential
of IncRNA IRAIN in RC cells and provides evidence that
upregulation of IncRNA IRAIN or downregulation of VEGFA
could suppress RC cell growth by inhibiting cell proliferation,
migration, and stimulation of cell apoptosis. Therefore,
investigating the IncRNA JRAIN and its functions could offer
a better understanding of RC regulatory mechanisms, which
may highlight a conserved therapeutic target against RC.
Nevertheless, investigation of a specific mechanism of IncRNA
IRAIN in other subtypes of RC remains to be done.
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