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Abstract

the relationship between let-7i-5p and HABP4.

potential target for its treatment.

Background: Clear cell renal cell carcinoma (ccRCC) is one of the best-characterized and most pervasive renal can-
cers. The present study aimed to explore the effects and potential mechanisms of let-7i-5p in ccRCC cells.

Methods: Using bioinformatics analyses, we investigated the expression of let-7i-5p in The Cancer Genome Atlas
(TCGA) database and predicted biological functions and possible target genes of let-7i-5p in ccRCC cells. Cell prolifer-
ation assay, wound healing assay and transwell invasion assay were conducted to characterize the effects of let-7i-5p
in ccRCC cells. To verify the interactions between let-7i-5p and HABP4, dual-luciferase reporter assay, quantitative real-
time polymerase chain reaction, and western blotting were conducted. Rescue experiments were used to investigate

Results: TCGA data analysis revealed that ccRCC tissues had significantly increased let-7i-5p expression, which was
robustly associated with poor overall survival. Further verification showed that ccRCC cell proliferation, migration and
invasion were inhibited by let-7i-5p inhibitor but enhanced by let-7i-5p mimics. Subsequently, HABP4 was predicted
to be the target gene of let-7i-5p. TCGA data showed that ccRCC tissues had decreased expression of HABP4 and that
HABP4 expression was negatively correlated with let-7i-5p. Further verification showed that downregulation of HABP4
expression promoted cell proliferation, migration and invasion. The dual-luciferase reporter gene assay suggested that
the let-7i-5p/HABP4 axis was responsible for the development of ccRCC.

Conclusion: Our results provide evidence that let-7i-5p functions as a tumor promoter in ccRCC and facilitates cell
proliferation, migration and invasion by targeting HABP4. These results clarify the pathogenesis of ccRCC and offer a
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Background

Renal cell carcinoma (RCC), one of the most com-
mon urological tumors, can be categorized into non-
clear cell renal cell carcinoma (nccRCC) and clear cell
renal cell carcinoma (ccRCC) based on cytogenetic and
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histological signatures [1, 2]. ccRCC is the most common
type of RCC, accounting for 70% of cases [3]. The early
signs and symptoms of ccRCC are challenging to distin-
guish, with most patients already having middle-to-late
stage ccRCC upon diagnosis [4].

Given that most patients with ccRCC are not sensi-
tive to chemotherapy or radiation, surgical treatment
has remained most effective [5, 6]. Thus, exploring the
molecular mechanisms underlying the development of
ccRCC and identifying effective treatment strategies to
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improve the survival rate of patients with ccRCC hold
considerable clinical value.

MicroRNAs (miRNAs) are a class of endogenous, small
non-protein coding single-stranded RNA molecules that
regulate gene expression by binding to messenger RNA
(mRNA) and inhibiting mRNA translation or promot-
ing its degradation [7, 8]. Let-7, one of the first miRNAs
to be discovered, has been found to be highly conserved
and widely expressed among species [9, 10]. As a mem-
ber of the let-7 family, let-7i-5p has been shown to play
an important role in the proliferation and metastasis of
various tumors [11-13]. However, the role of let-7i-5p in
ccRCC has yet to be studied.

Hyaluronan-binding protein 4 (HABP4, also named
Ki-1/57), an intracellular cross-reactant of the monoclo-
nal antibody Ki-1, has been the first protein used to spe-
cifically detect malignant cells in Hodgkin’s lymphoma
[14]. It is involved in gene expression regulation at both
the transcriptional and mRNA metabolism levels. Stud-
ies in transcriptome data have suggested that HABP4
can function as a tumor suppressor gene by affecting
the expression of genes involved in cell proliferation, cell
cycle, and apoptosis [15]. However, the biological effects
of HABP4 in ccRCC have yet to be elucidated.

The present study utilized The Cancer Genome Atlas
(TCGA) database to study the prognostic significance of
let-7i-5p expression levels in ccRCC, as well as investi-
gate the effects of let-7i-5p on ccRCC proliferation and
metastasis. Furthermore, this study explored the function
of HABP4 in ccRCC and the negative regulatory relation-
ship between let-7i-5p and HABP4 to further our under-
standing of the molecular mechanism underlying ccRCC
tumorigenesis and offer a potential target for ccRCC
therapies.

Methods

Retrieving ccRCC data from TCGA

The level 3 data on ccRCC were obtained from in TCGA
using the UCSC Xena Browser (https://xenabrowser.
net/). Using RNAseq (IlluminaHiseq), let-7i-5p expres-
sion was measured in 70 normal samples and 494 pri-
mary ccRCC tumor samples, whereas HABP4 expression
was measured in 72 normal samples and 533 primary
ccRCC tumors. The clinicopathological data of the
patients with intact survival information, including age at
initial pathologic diagnosis, histology, tumor grade, clini-
cal stage, recurrence status, and living status, were down-
loaded for survival-related analysis.

Bioinformatics analysis of possible let-7i-5p targets

and genes negatively related to let-7 expression in ccRCC
Possible targets of miR-361-3p were predicted using
DIANA (http://www.microrna.gr/microT-CDS),
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miRanda (http://www.microrna.org/microrna/home.
do), TargetScan (http://www.targetscan.org/vert_72/),
and miRmap (https://mirmap.ezlab.org/app/). Moreo-
ver, genes negatively correlated with let-7i-5p in TCGA-
CESC were identified using LinkedOmics (http://www.
linkedomics.org/login.php). The overlapping subset
between the negatively correlated genes and predicted
target genes was identified using Venn diagram analysis.

Cell culture

Human c¢cRCC cell lines 786-0 and 769-p were purchased
from Cell Bank (Chinese Academy of Sciences, Shang-
hai, China). All cell lines were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM) (HyClone, Thermo,
USA) supplemented with 10% fetal bovine serum, 100 U/
mL penicillin, and 100 mg/mL streptomycin and subse-
quently incubated at 37°C in a 5% CO, atmosphere.

Cell transfection

The mimics NC, inhibitor NC, siControl, let-7i-5p mim-
ics, let-7i-5p inhibitor, siHABP4#1 and siHABP4#2 were
designed and provided by Guangzhou RiboBio Co., Ltd.,
(Guangzhou, China). After reaching 70% confluence, cells
were transfected or co-transfected with Lipofectamine
3000 (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Quantitative real-time poly-
merase chain reaction (QRT-PCR) and western blotting
were then used to verify the transfection efficiency. After
transfection for 48 h, ccRCC cells were collected for sub-
sequent experiments. The sequences of miRNA mimics
and miRNA inhibitor were as follows: hsa-let-7i-5p mim-
ics, sense: 5-UGAGGUAGUAGUUUGUGCUGUU-3/,
antisense:  5-CAGCACAAACUACUACCUCAUU-3/;
miRNA mimics negative control (miRNA mimics NC),

sense: 5-UUCUCCGAACGUGUCACGUTT-3/, anti-
sense: 5-AGGUGACACGUUCGGAGAATT-3/; hsa-
let-7i-5p  inhibitor: 5-AACAGCACAAACUACUAC

CUCA-3’; miRNA inhibitor NC: 5'-CAGUACUUUUGU
GUAGUACAA-3'. The siRNA sequences were as follows:
siHABP4 #1, sense: 5-AUCCCAGCUGGAGAUUAA
UUUTT-3’ and antisense 5-AAAUUAAUCUCCAGC
UGGGAUTT-3’; siHABP4 #2, sense: 5-CAAGUUCAA
GAGAUGACUUUATT-3' and antisense 5-UAAAGU
CAUCUCUUGAACUUGTT-3!

RNA extraction and gRT-PCR analysis

Total RNA was extracted from the ccRCC cell lines using
Trizol Universal reagent according to the manufacturer’s
instructions. The cDNA template used in mRNA qPCR
was synthesized using reverse transcriptase and oligo
(dT) primer (Promega). qRT-PCR was conducted on an
ABI 7500 Sequence Detection System (Life Technologies,
USA) using the corresponding PCR reagent according
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to the manufacturer’s instructions. The primers used
were as follows: HABP4, 5-AAGAGCTGAGCGGAG
ATCCTAC-3' (forward) and 5-TCCTCTCAACGGTCT
GTCTCGA-3’' (reverse); GAPDH, 5-GAAGGTGAA
GGTCGGAGTC-3' (forward) and 5-GAAGATGGT
GATGGGATTTC-3' (reverse). cDNA template used
in miRNA qPCR was synthesized using the miScript II
Reverse Transcription Kit (Qiagen, Germany) accord-
ing to the manufacturer’s protocol. Quantification of
let-7i-5p was carried out by miScript Primer Assay
(Hs_let-7i_1 miScript Primer Assay MS00003157 Qia-
gen, Germany), normalizing over RNU6B control (Hs_
RNU6-2_11 miScript Primer Assay MS00033740 Qiagen,
Germany) and using the miScript SYBR Green PCR kit
(Qiagen, Germany) on ABI 7500 Sequence Detection
System (Life Technologies, USA). RNU6B and GAPDH
served as internal controls. Relative expression was
determined using the 2724T method.

Protein extraction and western blot analysis

After cells were trypsinized (0.05% Trypsin EDTA, Inv-
itrogen), cell pellets were lysed with RIPA buffer (Beyo-
time, Shanghai, China) and kept in ice for 30 min with
intermittent vortexing. The lysate was obtained through
centrifugation at 12,000 rpm for 20 min at 4°C, after
which its protein concentration was determined using
BCA protein assay reagents (Beyotime, Shanghai, China).
Protein samples were fractionated in a 10% sodium dode-
cyl sulfate—polyacrylamide gel and transferred to a poly-
vinylidene difluoride (PVDF) membrane (Immobilon-P
transfer membrane, Millipore, Saint-Quentin-en-Yve-
lines, France). Membranes were blocked with 5% non-fat
milk and washed with Tris-Buffered Saline and Tween
20 (TBST) and then incubated with primary antibody
(anti-HABP4, Abnova, Taipei, Taiwan; anti-GAPDH,
Proteintech, Wuhan, China) at 4°C for 24 h. The PVDF
membranes were extensively washed three times and
then incubated with horseradish peroxidase-conjugated
secondary antibody. After three washes with TBST, the
membranes were detected using the ECL detection kit
(Beyotime, Shanghai, China). GAPDH was used as an
internal control. The integrated optical density (IOD) of
the individual bands on blots was measured by Image]J
and the ratio of HABP4 protein to the housekeeping pro-
tein GAPDH was calculated.

Dual-luciferase reporter assay

The 3'-untranslated region (UTR) of HABP4 was syn-
thesized, annealed, and inserted into the pmirGLO
luciferase reporter vector (Promega Corporation, Madi-
son, WI, USA). The 3’-UTR wild-type (WT) HABP4
sequence (ACTACCTC) complementary to the bind-
ing site of let-7i-5p was replaced with a mutated (MUT)
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HABP4 sequence (ACATGGTC). Let-7i-5p mimics were
co-transfected with pmirGLO-WT-HABP4 or pmirGLO-
MUT-HABP4 using Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA). After the cells were incubated for
48 h, luciferase activity was measured using the dual-
luciferase reporter assay kit (Beyotime, Shanghai, China).

MTT assay

Transfected cells were seeded at 2.0 x 10° cells/well in
96-well plates. Subsequently, 10 pL of 5 mg/ml MTT
(Beyotime, Shanghai, China) was added into each of the
96 wells for 4 h at 37°C, after which 100 uL. DMSO was
added to dissolve the purple crystals. Absorbance was
determined using a spectrophotometer at 570 nm.

Wound healing assay
Transfected cells were seeded on 6-well plates with a
fresh medium containing 10% FBS.

After forming a monolayer culture, cells were scratched
using a sterile 200 pL pipette. The cells were washed twice
with PBS, after which the medium was replaced with a
serum-free medium. Images of the wound were taken on
day 0 and after 24 h. The wound healing rate was calcu-
lated using the formula wound healing rate (%)= [(width
at 0 h —width at 24 h)/(width at 0 h)] x 100.

Transwell invasion assay

Cells were seeded in the upper compartment of transwell
chambers (Corning, NY, USA) that were pre-coated with
Matrigel (BD Biosciences, CA, USA). DMEM contain-
ing 20% FBS was added to the bottom compartments as a
chemoattractant. After 24 h, the non-invading cells were
wiped out, whereas the invading cells on the lower sur-
face were fixed with 4% paraformaldehyde and stained
with crystal violet. Images were obtained using an Olym-
pus microscope.

Statistical analysis

Statistical analysis was conducted using GraphPad Prism
6.0 (GraphPad Inc., La Jolla, CA, USA) or SPSS 23.0 soft-
ware package (SPSS Inc., Chicago, IL, USA). Values were
expressed as mean= SD, with P values<0.05 indicating
statistical significance.

Results

High let-7i-5p expression was correlated with poor patient
prognosis

To determine whether let-7i-5p expression was a prog-
nostic factor for poor survival, expression data from the
TCGA dataset were analyzed. Accordingly, ccRCC tis-
sues had a higher let-7i-5p expression level than nor-
mal kidney tissues (Fig. 1a). Furthermore, we explored



Liu et al. BMC Urol (2021) 21:49 Page 4 of 11
ns
a b kK
% Je k- ' % %Kk l
N 1
TCGA T
— dekk c‘,"‘ 114 I *kk 1
% 115 | | o) f b
) = 10-
~ 104 c
5 S ol
2 9]l , o e -
0 @ R T 7]
o — 1 o 84
= 8- [-%
s 3 7
e a
2 64 ¢ 2 6-
— N~
= € 5
@ 5 . T 2 T T - o T
= Normal ccRCC Normal i i iii iv

AJCC pathological

l Jekk l
M Rk *!:* X% ) 1.0- TCGA ccRCC

—~ 115 f xxx_ 1 _ high (n=247)
o r - ) s low (n=247)
= 10- e 0.8 4
- £ P=1.2e-5
S 94 i
g 8 T S 0.6
O . o
4 Il g
o T7- 2
u?' 6 '§ 0.4
s o
- B
2 A L L L] L Ll

Normal T1 T2 0.2

TS T4
(n=70) (n=241) (n=64) (n=178) (n=11)

(n=70) (n=235) (n=52) (n=122) (n=82)
Pathological stage

0 25 50 75 100 125 150
Follow up in months

Fig. 1 Correlation between let-7i-5p expression and ccRCC pathological information. a The relative expression of let-7i-5p in TCGA dataset. b, ¢
The relative expression of let-7i-5p across different pathological stages and AJCC pathological T stage. d Kaplan—-Meier analysis of overall survival
according to high or low let-7i-5p expression in the TCGA database. Data are presented as mean £ SD. ns > 0.05, *P < 0.05; **P < 0.01; ***P<0.001

the relationship between let-7i-5p expression level and
clinicopathological characteristics, with the results
summarized in Table 1. Our results showed a signifi-
cant difference between pathological stage, American
Joint Committee on Cancer (AJCC) T, N, M stages, and
tumor status. Meanwhile, the level of let-7i-5p expres-
sion increased significantly in the pathological stage
(IIT and IV) and AJCC stages (T3 and T4) (Fig. 1b, 1c,
Additional file 1: Table S1). Given that the patients
with different survival outcomes had different levels of
expression, we decided to explore whether let-7i-5p was
a prognostic marker in ccRCC. Accordingly, Kaplan—
Meier analysis showed that high let-7i-5p expression
was associated with poor prognosis (Fig. 1d). These

data indicated that let-7i-5p might play an oncogenic
role in ccRCC.

Let-7i-5p enhanced cell proliferation, migration

and invasion of ccRCC

Two kidney cancer cell lines (786-0 and 769-P) were used
to examine the function of let-7i-5p in ccRCC. Accord-
ingly, transfecting a let-7i-5p mimic into 786-0 and 769-P
cells upregulated the expression of let-7i-5p, whereas
transfecting a let-7i-5p inhibitor downregulated the same
(Fig. 2a). MTT assay results showed that let-7i-5p over-
expression could promote cell proliferation, whereas
let-7i-5p downregulation could inhibit cell prolifera-
tion (Fig. 2b). Furthermore, a wound healing assay and
transwell invasion were used to analyze the effects of
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Table 1 Correlation between let-7i-5p  expression  and
clinicopathological variables of ccRCC using The Cancer Genome
Atlas datasets
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let-7i-5p on ccRCC cell migration and invasion, respec-
tively. Accordingly, we found that let-7i-5p overexpres-
sion could promote cell migration and invasion, whereas
let-7i-5p downregulation could inhibit cell migration and

Clinicopathological features Cases  Let-7i-5p t p
expression invasion (Fig. 3a, b). Collectively, our results suggested
low  High that let-7i-5p played a facilitative role in ccRCC cell pro-
liferation, migration, and invasion.
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Fig. 2 The regulatory effect of let-7i-5p on ccRCC cell proliferation. a After transfecting 786-0 and 769-P cells with the let-7i-5p mimic or inhibitor,
the expression of let-7i-5p was detected using gRT-PCR. b MTT assays were used to elucidate the effects of let-7i-5p on cell proliferation. Data are
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Downregulation of HABP4 expression promoted cell
proliferation, migration and invasion

To examine the effects of HABP4 on cell proliferation,
migration, and invasion in ccRCC cells in vitro, HABP4
expression in cultured 796-0 and 769-P cells was down-
regulated using siRNA, an efficient approach used to
extensively knock down specific gene expression in cells.
Transfecting two siRNAs targeting HABP4 into 786-0
and 769-P cells significantly downregulated HABP4
protein expression. The two siRNAs targeting HABP4
showed nearly the same RNAI effects (Fig. 5a). MTT
cell proliferation assays showed that decreased HABP4

expression could promote 786-0 and 769-P cell prolif-
eration (Fig. 5b). Furthermore, we analyzed the effects of
HABP4 on migration and invasion of ccRCC cells using
wound healing analysis and transwell invasion, respec-
tively. Accordingly, we found that reducing HABP4
expression could promote cell migration and invasion
(Fig. 6a, b). The two siRNAs targeting HABP4 showed
nearly the same inhibitory effects on proliferation, migra-
tion, and invasion. Thus, HABP4 appeared to have a neg-
ative regulatory effect on proliferation, migration, and
invasion of ccRCC cells in vitro.
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HABP4 was a direct target of let-7i-5p

To determine the mechanism by which let-7i-5p regu-
lated HABP4 expression through the HABP4 3’-UTR
binding site using bioinformatics analysis, pmirGLO-
WT-HABP4 and pmirGLO-MUT-HABP4 plasmids were

synthesized, after which a HABP4 3’-UTR luciferase
reporter assay was conducted in ccRCC cells (Fig. 7a).
Accordingly, 786-0 and 769-P cells transfected with
the let-7i-5p mimic and WT-HABP4 had significantly
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Table 2 Statistical analysis of the binding score and association between the five genes and let-7i-5p
Target Binding score Association
miRmap TargetScan miRanda DIANA Pearson’s r p-value
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Fig. 5 The regulatory effect of HABP4 on ccRCC cell proliferation. a After transfecting 786-0 and 769-P cells with two siRNAs targeting HABP4,
HABP4 expression was detected using western blotting. b MTT assays were used to elucidate the effects of HABP4 downregulation on cell
proliferation. Data are presented as mean = SD. ***P < 0.001

reduced luciferase activity, whereas cells transfected with
MUT-HABP4 showed no reduction (Fig. 7b). To confirm
the relationship between HABP4 and let-7i-5p, qRT-PCR
was used to investigate the expression levels of HABP4
in ccRCC cells 72 h after transfection with the let-7i-5p
mimic, miR-3175 inhibitor, or corresponding NCs.
Accordingly, ccRCC cells transfected with the let-7i-5p
mimic had significantly reduced HABP4 mRNA expres-
sion levels, whereas those transfected with the let-7i-5p
inhibitor showed increased HABP4 mRNA expression
(Fig. 7c). Meanwhile, HABP4 expression was negatively
correlated with let-7i-5p in ccRCC cells (r= —0.335)
(Fig. 7d). Taken together, our results suggested that
HABP4 was a direct target of let-7i-5p.

Discussion

The present study investigated the potential role and
mechanism of let-7i-5p in ccRCC. Analysis of the TCGA
database revealed that let-7i-5p expression was upregu-
lated in ccRCC cells and that high let-7i-5p expression
levels were positively correlated with poor survival.
Moreover, our results showed that downregulating the
expression of let-7i-5p might inhibit ccRCC cell prolif-
eration, migration, and invasion by directly upregulating
the expression of HABP4. Meanwhile, the present study

has been the first to confirm that HABP4, a target gene
of let-7i-5p, could be considered a tumor suppressor gene
in ccRCC.

Evidence has shown that let-7i-5p, an important mem-
ber of the miRNA let-7 family, played a vital role in both
physiological processes and various pathological condi-
tions [16—22], especially in tumor progression. Previous
studies have shown that let-7i-5p could function as a
tumor suppressor gene in various tumors, such as glio-
blastomas, colon cancer, gastric cancer, and esophageal
carcinomas. Let-7i-5p directly targeted UDP-galactose-
4-epimerase and Inhibitor of Nuclear Factor Kappa-B
Kinase Subunit Epsilon to reduce glioblastoma cell pro-
liferation and migration [11, 23]. Moreover, let-7i-5p had
been found to inhibit the proliferation and metastasis of
colon cancer cells by targeting kallikrein-related pepti-
dase 6 [13] and significantly inhibit gastric cancer pro-
liferation, invasion, and metastasis by targeting collagen
type I alpha 1 chain [24]. Another study showed that let-
7i-5p significantly inhibited esophageal carcinoma cell
proliferation and promoted cisplatin-induced apoptosis
by targeting the drug transporter ATP binding cassette
subfamily C member 10 [25]. However, let-7i-5p exhib-
ited both inhibitory and promotive functions (dual role)
in the tumorigenesis of hepatocellular carcinoma. For
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instance, let-7i-5p had been found to not only inhibit
hepatocellular carcinoma growth by targeting insulin-
like growth factor 2-mRNA-binding proteins 1, 2, and 3
and the anti-apoptotic protein BCL2 like 1 [26, 27] but
also rescue the tumor-suppressing effects of HDAC6 by
targeting thrombospondin-1 in hepatocellular carcinoma
cells [12]. Our results proved that let-7i-5p could serve to
promote tumorigenesis of ccRCC.

HABP4, a nuclear and cytoplasmic regulatory pro-
tein first identified in malignant cells from Hodgkin’s
lymphoma [28, 29], had been found to participate in
different physiological functions, including cell prolif-
eration, tumorigenesis, RNA transcription and splic-
ing, and telomere maintenance. Studies have shown
that HABP4 overexpression resulted in reduced cancer
cell proliferation, mainly because of a G1 phase arrest
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[15], and that HABP4 could influence the splicing pat-
tern of the E1A pre-mRNA by binding with the endog-
enous splicing proteins hnRNPQ and SFRS9 [30].
Moreover, evidence has shown that SUMOylation of
HANP4 could control the formation of As,O;-induced
promyelocytic leukemia nuclear bodies. Although
HABP4 modification via SUMO-1 was associated
with several biological processes (i.e., transcription
regulation, RNA splicing, translation, ribosome bio-
genesis, mitotic cell cycle, and apoptotic process),
SUMO-2-modified HABP4 was strongly associated
with biological processes related to the control of gene
expression (transcription, splicing, and translation)
and telomere maintenance [31]. The present study has
been the first to report that HABP4, a target gene of
let-7i-5p, functioned as a tumor suppressor gene in
ccRCC.

Conclusion

The findings of the present study suggested that let-
7i-5p could promote the proliferation, migration, and
invasion of ccRCC cells by downregulating its target

HABP4. Although we have preliminarily explored the
molecular mechanism of let-7i-5p regulating the prolif-
eration, migration, and invasion of ccRCC cells in vitro,
further in vivo experiments are needed to verify the
feasibility of let-7i-5p as a potential therapeutic target
for ccRCC in future studies.
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