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Abstract

Background
Renal cell carcinoma (RCC) is the seventh most common tumor worldwide. The incidence rate of RCC
ranks second among urinary system tumors, and the incidence rate has been increasing in recent years.
Recent studies have shown that plant miRNAs can be absorbed into organisms through diet, and can
regulate target gene expression and physiological function of predators across species. As a traditional
Chinese medicine, Lycium barbarum has a wide range of antitumor effects. However, there are no reports
on the cross-border regulation of tumors by Lycium barbarum miRNA (Lb-miRNA).

Methods
Human RCC cells (Caki-1) were cultured in vitro. The overexpression group of Lb-miR166a was
constructed using lentivirus transfection. The effect of Lb-miR166a on the expression of RCC cells was
analyzed using transcriptome sequencing, and differentially expressed genes were screened. Combined
with bioinformatics technology, the relevant mechanisms by which Lb-miR166a regulates the occurrence
and development of RCC were screened and veri�ed, and in vivo tumor-bearing experiments on nude mice
veri�ed the effect of Lb-miR166a expression on the occurrence, development, invasion, and metastasis of
RCC.

Results
Transcriptome sequencing analysis showed that Lb-miR166a regulated the expression of a variety of
genes in tumor cells and regulated a large number of signaling pathways related to tumor occurrence and
development. The overall �nding was that Lb-miR166a inhibited tumor cell proliferation, promoted tumor
cell apoptosis, and inhibited cell invasion and metastasis. The tumor-bearing experiment in nude mice
also showed that the subcutaneous tumor formation volume decreased in Lb-miR166a group mice, as
did the expression of tumor cell Ki67 and the number of liver metastases.

Conclusion
This study explains the role of Lb-miR166a in the treatment of RCC and its underlying mechanisms.
These results further improve the antitumor mechanism of L. barbarum and provide ideas for the clinical
development of targeted drugs for the treatment of RCC.

Background
Renal cell carcinoma (RCC) is the seventh most common tumor worldwide. Its incidence rate in men is
higher than that in women. RCC ranks second among urological tumors in terms of incidence rate. In
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recent years, the incidence has increased. In 2018, approximately 400,000 people worldwide were
diagnosed with RCC [1]. RCC tissue types include clear cell carcinoma (70%), papillary cell carcinoma
(10–15%), and chromophobe cell carcinoma (5%). The treatment methods for RCC include surgery,
chemoradiotherapy, and endocrine therapy, but the curative effect remains poor [2]. Surgical resection can
be cured. Unfortunately, 25–30% of patients have distant metastasis at the time of diagnosis, and
approximately 40% of patients relapse after surgical resection [3]. In recent years, great progress has been
made in research on the occurrence, development, treatment, and prognosis of renal cancer. There are
traces of related drugs, animal, and plant compounds, nanomaterials, and non-coding RNA in the
treatment of renal cancer, laying a foundation for the targeted treatment of renal cancer.

In recent years, some studies have found a type of non-self miRNA in animals. This miRNA mainly enters
food and plays a regulatory role in animals. miRNAs are endogenous, coding single stranded RNA widely
present in organisms. Because of their special structure or coating of exosomes, plant miRNAs are
absorbed by animals into the body of predators, which still have certain stability and tissue speci�city,
and can regulate the target gene expression and physiological function of predators across species [4, 5].
This type of RNA does not encode any proteins. It affects the expression of target genes by combining
with the 3′-UTR terminal sequence of target genes [6] and then regulates biological processes, including
cell growth, tissue development, cell proliferation, differentiation, apoptosis, invasion, and metastasis [7].
It plays an important regulatory role in a variety of diseases, particularly tumors. However, the biological
roles of most exogenous plant miRNAs remain unclear.

Ningxia Lycium barbarum is a traditional Chinese herbal plant that is widely used as a functional food
and medicinal material to promote health and longevity in China and other Asian countries. Currently, it is
a food with the characteristics of a natural dietary supplement and low-a�nity drug [8]. The main
components of Lycium barbarum include polysaccharides, �avonoids, carotenoids, and betaine [9]. They
have the functions of regulating oxidative stress and in�ammation, reducing blood lipid, delaying aging,
and promoting antioxidation and antitumor activities [10, 11]. However, there are no reports on the cross-
border regulation of tumors by Lycium barbarum miRNA (Lb-miRNA).

Therefore, we designed this study to further study the role and mechanism of Lb-miR166a in the
treatment of renal cell carcinoma.

Materials And Methods
Cell culture

Caki-1 cells were purchased from Procell Life Science & Technology Co., Ltd. (Wuhan, China),
and cultured in McCoy’s 5A medium (Procell Life Science & Technology Co., Ltd.) containing 10% fetal
bovine serum (Biological Industries, Beit-Haemek, Israel) and 1% penicillin–streptomycin liquid (Beijing
Solarbio Science & Technology Co., Ltd., Beijing, China) at 37 °C in a humidi�ed environment consisting
of 5% CO2.
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Lentivirus transfection and cell grouping

Caki-1 cells at the logarithmic growth stage were subcultured in 6-well plates, with 105 cells in each well.
After 24 h, cells were divided into a normal control group (N-Con), and transfected with the control
lentivirus for the lentivirus control group (L-Con). The Lb-miR166a mimic group cells were transfected
with Lb-miR166a mimic lentivirus.

mRNA sequence analysis

mRNA sequence analysis of total RNA extracted from N-Con and Lb-miR166a cells was performed at
Wuhan GeneCreate Biological Engineering Co., Ltd. (Wuhan, China). Samples were prepared using a
TruSeq Stranded mRNA Library Prep Kit (Illumina, San Diego, CA, USA), according to the manufacturer’s
protocol. The library was prepared by adding adapters to the fragmented RNA samples. The library was
303–314 bp in length. Sequencing of the clusters formed in the S4 �ow cell was performed using the
NovaSeq 6000 (Illumina), a next-generation sequencer. The effective read length was 100 bp,
and analysis was performed using the paired-end/multiplex method. 

Cell cycle analysis

Cell cycle analysis was performed using propidium iodide (PI). In brief, the cells were gently trypsinized
and washed twice with cold phosphate-buffered saline (PBS), at least 1 × 106 cells were �xed in 70%
ethanol overnight at 4 °C. After the removal of the ethanol, the cells were incubated with 400 µL PI at 4 °C
for 30 min, and the cell cycle was assessed using �ow cytometry.

Apoptosis assay 

Transfected Caki-1 cells were seeded in 6-well plates (1 × 106 cells/well). Following transfection, cells
were harvested using centrifugation at 200 × g for 5 min, washed with 1× PBS three times, and then
incubated with 5 µL of FITC-conjugated Annexin V and 5 µL PI (25 µg/mL) (both BD Biosciences, San
Jose, CA, USA) for 15 min at room temperature in the dark. Stained cells were detected using a BD
FACSAria II �ow cytometer (BD Biosciences). FlowJo V10.5.2 (BD Biosciences) was used to analyze the
data.

Western blot

RIPA buffer was used to extract the total protein from the cultured cells. Following extraction,
bicinchoninic acid assays (Beyotime Biotechnology, Shanghai, China) were performed to quantify all
proteins. Equal amount of protein samples was separated by 8%–12% sodium dodecyl sulfate–
polyacrylamide gel electrophoresis and then transferred to the nitrocellulose membranes (Millipore,
Burlington, MA, USA). The membranes were blocked with 5% nonfat milk/PBS for 1 h and then incubated
with primary antibodies at 4 °C overnight. After washing the membranes with PBS containing 1% Tween
20 three times, they were incubated with secondary antibodies for 2 h. The membranes were developed
using an enhanced chemiluminescence solution (Beyotime Biotechnology) and exposed to a
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photographic �lm for visualization. An additional table lists the antibodies used in this
study (Supplementary Table 1).

Quantitative real-time PCR (qRT–PCR) assay

Total RNA was extracted from tissues and cell lines using TRIzol reagent (TianGen, Beijing, China), and
RNA quality was assessed using NanoDrop 2000c (Thermo Fisher Scienti�c, Waltham, MA, USA). Next,
the RNA was converted into cDNA using a RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher
Scienti�c), and qRT–PCR was conducted on an ABI 7900 system using SYBR Green Real-Time PCR
Master Mixes (Thermo Fisher Scienti�c) under the following reaction conditions: 95 °C for 3 min, followed
by 40 cycles of 95 °C for 30 s, 60 °C for 30 s, and 75 °C for 30 s. GAPDH served as an internal control. The
primers were synthesized by RiboBio (Guangzhou, China). The transcriptional levels of target genes were
analyzed using the 2−ΔΔCt method. The sequences of all primers were listed in Supplementary Table 2.

Wound healing assay

Brie�y, cells (1 × 105) were seeded in six-well plates and incubated overnight. A wound was created with a
10 µL pipette tip, and images were obtained under a light microscope (Zeiss Corpi, Shanghai, China). The
wound gaps were measured at each time point.

Transwell assay

Transwell chambers (six-well; 8 μm; Corning Inc., Corning, NY, USA) were used for migration and invasion
analyses, and partial chambers were coated with Matrigel (BD Biosciences). A total of 4 × 104 cells
placed in serum-free culture medium were added to the top of the chambers with or without Matrigel for
invasion or migration analysis, respectively. The bottom of the chambers was �lled with a culture
medium containing 10% fetal bovine serum to induce cell migration or invasion. After 24 h, the cells on
the lower surface were �xed with 4% paraformaldehyde and stained with 0.1% crystal violet
(Beyotime Biotechnology). Five randomly selected areas were used for observation and the cells were
counted under an inverted microscope (100×; Olympus, Tokyo, Japan).

Metastasis Assay In Vivo

Nude mouse xenografted with Caki cells/in vivo assays

A total of 24 healthy nude mice 4–6 weeks old were raised in a speci�c-pathogen-free animal laboratory
with humidity of 60%–65% at 22–25 °C. The animals were provided free access to food and water under
a 12 h light/dark cycle. 

Twelve nude mice were subcutaneously injected with N-Con or Lb-miR166a cells (1 × 108) (n = 6/group).
After 6 weeks, the nude mice were euthanized and the tumor volume was recorded. 
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Twelve nude mice were used to establish an in vivo metastasis model. Caki-1 cells (1 × 107) stably
overexpressing Lb-miR166a or N-Con were injected into the tail vein of mice (n = 6/group). After 8 weeks,
the mice were sacri�ced, and their livers were photographed. The tumor nodules on the surface of the
liver were counted separately by two researchers.

Immunohistochemistry

The subcutaneous tumors of mice in each group were �xed with 4% paraformaldehyde, dehydrated with
gradient ethanol, para�n embedded after transparent treatment with xylene, sliced into 5 μm slices,
dewaxed with xylene, rehydrated, and antigen repaired. Next, 0.3% Triton-100 was used to permeate the
cell membrane for 15 min, after which it was washed with PBS thrice, incubated with 3% H2O2 at room
temperature for 15 min, and washed with PBS thrice again. Ki67 protein expression in the tumor tissue
was detected using the streptavidin peroxidase method, followed by 3,3′-diaminobenzidine (DAB)
chromogenic solution, hematoxylin restaining the nucleus, blue reversion, dehydration, and neutral
adhesive sealing. The SP-9001 Immunohistochemical Staining Kit and the ZLI-9018 DAB kit were
purchased from ZSGB-BIO (Beijing, China).

Statistical analysis

All data were analyzed with SPSS 21.0 and presented as mean ± SD. Two-tailed paired and unpaired
Student’s t-tests were used to test for signi�cant differences between two groups. One-way analysis of
variance followed by Tukey’s test was used for multi-sample analysis. P < 0.05 was considered
signi�cant. GraphPad Prism software (version 7.0) was used for the drawing.

Result
Detection of Lb-miR166a expression in RCC cells

qRT-PCR showed that Lb-miR166a was not expressed in RCC cells and L-Con group cells, whereas the
expression of Lb-miR166a was signi�cantly upregulated in Lb-miR166a group cells. This shows that the
transferred Lb-miR166a could be successfully expressed in tumor cells (Figure 2).

Transcriptome sequencing and differential gene screening analysis

The Hisat2 software was used to compare the reads obtained from the sequencing data with the
reference genome for similarity analysis. By quickly comparing each “read” with the reference genome
sequence, the position and matching quality of the “read” on the compared genome or other reference
sequences are �nally obtained, and the gene or transcript can be annotated and quanti�ed. A total of
19,225 gene entries were measured in this study.

There were differences in the gene expression among the different samples. Based on the comparison
results, the differential expression of genes in each sample was analyzed using edgeR software, and the
adjusted P (Padj) value of differential expression was calculated. The Padj value indicated that the gene
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expression difference was more signi�cant. In this experiment, genes with |log2 fold change| ≥ 1 and
Padj < 0.05 were selected as signi�cant differentially expressed genes. The differences in mRNA
expression between the two groups were statistically analyzed. A total of 1,813 differentially expressed
mRNAs were screened. Cluster analysis of differentially expressed mRNAs showed that 1,232 mRNAs
were signi�cantly upregulated and 581 were signi�cantly downregulated (Figure 3a).

To better understand the biological function of differentially expressed mRNA, we analyzed the
differentially expressed mRNA using GO. A total of 1,813 differentially expressed genes were annotated
into 1,094 GO entries, of which 1,074 were signi�cantly enriched (P < 0.05), including 605 physiological
process entries, 44 cell component entries, and 48 molecular function entries (Figure 3b).

The differentially expressed genes were enriched in 43 KEGG pathways, of which 30 were signi�cantly
enriched (P < 0.05). It can be seen that the upregulated genes were enriched in tumor-related cell adhesion
molecules and apoptosis; the downregulated genes were signi�cantly enriched in cell proliferation and
other pathways (Figure 3c).

Lb-miR166a regulates hsa05200 pathway gene expression

Hsa05200 (a pathway in cancer) has been identi�ed as the most important pathway in tumor
pathogenesis. The activation of many genes and signaling pathways plays a key role in tumor cell
proliferation and differentiation; apoptosis; and tumor in�ltration, growth, recurrence, and metastasis.

Through differential gene annotation, as shown in Figure 4, Lb-miR166a can regulate the expression of
multiple genes of hsa05200 pathway in cancer, so as to regulate tumorigenesis and development.

Lb-miR166a inhibits proliferation of Caki-1 cells

Cell proliferation depends mainly on the normal operation of the cell cycle. Mitosis entering the cell cycle
is strictly controlled by the promotion or inhibition of growth signals, which are important for cell
proliferation and division. To further clarify the effect of Lb-miR166a on cell proliferation-related genes
and pathways, we screened out cell proliferation-related differential genes based on gene function
annotation and constructed a circular heat map. There were 88 proliferation-related differential genes in
the Lb-miR166a group compared with the N-Con group, including 29 upregulated genes and 59
downregulated genes (Figure 5a).

The above differentially expressed proliferation genes were annotated and analyzed by GO and KEGG
enrichment analysis, and 6 proliferation-related GO entries and 1 KEGG pathway were enriched (P < 0.05),
as shown in Figure 5b,c.

To verify the effect of Lb-miR166a on cell proliferation, we �rst evaluated the proliferation activity of the
three groups using a Cell Counting Kit-8 cell proliferation assay. The results showed that the cell optical
density value in the Lb-miR166a group was signi�cantly lower than that in the N-Con and L-Con groups
(P < 0.05), whereas there was no signi�cant difference between the N-Con and L-Con groups (P > 0.05;
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Figure 6a). The results showed that Lb-miR166a signi�cantly inhibited renal cell viability. Simultaneously,
we compared the cell cycle distribution of the three groups using �ow cytometry (Figure 6b,c). The results
showed that the proportion of cells in the G0/G1 phase increased in the Lb-miR166a group, whereas the
proportion of cells in the S and G2/M phases decreased, indicating that the cells in the Lb-miR166a group
were blocked in the G0/G1 phase. Western blotting showed that the expression levels of ID4, CCND2,
CCNB1, CCNA2, CDC20, and CCNE2 in the Lb-miR166a group were downregulated (P < 0.05); this trend
was consistent with the results of transcriptome sequencing (Figure 6d,e).

Lb-miR166a promotes apoptosis of Caki-1 cells

Apoptosis is a process of spontaneous programmed cell death, which is closely related to the occurrence
and development of tumors. To further clarify the effect of Lb-miR166a on apoptosis-related genes and
pathways, we screened out apoptosis-related differential genes based on gene function annotation and
drew a circular heat map. It can be seen that there were 89 differential genes in the Lb-miR166a group
compared with the N-Con group, including 60 upregulated and 29 downregulated apoptosis-related genes
(Figure 7a).

The above differentially expressed apoptosis genes were annotated and analyzed by GO and KEGG
pathways, and 11 apoptosis-related GO entries and one KEGG pathway were enriched (P < 0.05), as
shown in Figure 7b,c.

To verify the effect of Lb-miR166a on RCC cell apoptosis, we compared the apoptosis rates of the three
groups using �ow cytometry. The results showed that the apoptosis rate of the Lb-miR166a group was
signi�cantly higher than that of the N-Con and L-Con groups (P < 0.05); however, there was no signi�cant
difference between the N-Con and L-Con groups (P > 0.05) (Figure 8a,b).

We then detected the protein expression of apoptosis-related genes in the three groups of cells using
western blotting. The results showed that the Lb-miR166a group inhibited the downregulation of the
expression of the apoptosis protein Bcl2 (P < 0.05), while the expression levels of the apoptosis proteins
Bad and Bax and the content of the cleaved Caspase-3 protein in the cells were signi�cantly upregulated
(P < 0.05); this trend was consistent with the transcriptome sequencing results (Figure 8c,d).

Gene interaction network reveals the effect of Lb-miR166a on cell apoptosis and proliferation

By selecting the key GO and KEGG pathways for cell proliferation and apoptosis, we demonstrated the
effect of Lb-miR166a on the gene table of proliferation and apoptosis of RCC cells through the gene
protein–protein interaction network. The squares in the �gure represent different GO and KEGG pathways
and the dots represent genes. Red indicates that the expression of the Lb-miR166a group is upregulated
compared with that of the N-Con group, and green indicates that the expression of the Lb-miR166a group
is downregulated compared with that of the N-Con group (Figure 9).

Lb-miR166a inhibits cell metastasis and invasion
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Migration/invasion, the key initial step in tumor cell metastasis, is of great signi�cance in the occurrence
and development of tumors. To further verify the effect of Lb-miR166a on the migration and invasion of
RCC cells, we determined the scratch healing rate of the three groups using a cell scratch experiment. The
results showed that the scratch healing rate of cells in the Lb-miR166a group decreased signi�cantly
compared to that of those in the N-Con and L-Con groups (P < 0.05; Figure 10a,b).

The Transwell invasion experiment showed that compared to those in the N-Con and L-Con groups, the
number of cancer cells migrating to the lower compartment in the Lb-miR166a group decreased
signi�cantly (P < 0.05). These results showed that Lb-miR166a inhibited the migration and invasion of
RCC cells (Figure 10c,d).

Lb-miR166a inhibits tumor proliferation and metastasis in nude mice

The tumor-bearing experiment in nude mice showed that the subcutaneous tumor forming volume in the
Lb-miR166a group was signi�cantly smaller than that in the N-Con group (P < 0.05) (Figure 11a,b). The
number of liver metastases in the Lb-miR166a group was signi�cantly lower than that in the N-Con group
(P < 0.05) (Figure 11c,d). Immunohistochemical detection of subcutaneous tumorigenesis in nude mice
showed that the expression of Ki67 was decreased in the subcutaneous tumorigenesis of the Lb-
miR166a group mice (Figure 11e,f).

Discussion
Phytochemicals contain a variety of substances, including plant polyphenols, saponins, polysaccharides,
and other bioactive substances. Edible plants contain not only nutrients and phytochemicals but also
plant miRNAs. For a long time, scientists believed that plant miRNAs cannot avoid the degradation of the
animal digestive tract; that is, plant miRNAs cannot exist stably in animals, so they ignored the possibility
of animals obtaining and using dietary plant miRNA. Recent research [12], however, showed that the
degradation rate of animal miRNA was much higher than that of the plant miRNA control group when
animal miRNA and plant miRNA were placed in a solution simulating the acidic environment in the
stomach (pH 2.0). The above study showed that the unique post-synthesis methylation modi�cation of
plant miRNAs could help them to maintain their stability and avoid their rapid degradation in acidic
environments. Through this mechanism, plant miRNAs can successfully avoid erosion in the acidic
environment of the digestive tract and enter the circulatory system through the animal gastrointestinal
tract. A large number of recent studies have also shown that miRNAs can be transmitted between
different species, especially between plants and animals [13], and plant-derived miRNAs can stably exist in
animal blood [14], breast milk [15, 16], and tissues and organs [17], and play a role in regulating the
expression of a variety of target proteins [14, 18]. An increasing number of studies have also found that
plant miRNAs can prevent or even treat human diseases, including cardiovascular diseases [19], tumors
[20, 21], chronic in�ammation [22], and pulmonary �brosis [23].
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In this study, we introduced Lb-miR166a into RCC cells. Through sequencing, we found that 1,813 gene
mRNAs were differentially expressed in the Lb-miR166a group compared to those in the N-Con group.
Cluster analysis was carried out on the differentially expressed mRNA, of which 1,232 were signi�cantly
upregulated and 581 were signi�cantly downregulated. Through differential gene annotation analysis, it
was found that Lb-miR166a can regulate cell proliferation, apoptosis, and adhesion, as well as the gene
expression levels in the NF-κB signaling pathway, the TGF-β signaling pathway, and multiple other
pathway.

Inhibiting the proliferation rate of RCC cells is the most important goal in the treatment of RCC [24]. Tumor
cells, particularly malignant tumor cells, proliferate faster, and cell proliferation and apoptosis are
affected by the cell cycle. Therefore, regulating the tumor cell cycle, inhibiting the proliferation of tumor
cells, and promoting their apoptosis are the main targets for tumor treatment [25]. The cell cycle in
eukaryotic cells is mainly regulated by two essential factors: cyclins (CCN) and cyclin-dependent kinases
(CDKs) [26].

In this study, Lb-miR166a downregulated the expression of CCNA2, CCND1, CCNE2, CCNB1, and cell
division cycle 20 (CDC20). At the same time, cell cycle analysis showed that the proliferation ability of
Caki-1 cells decreased after the transfection of Lb-miR166a. Cell cycle analysis showed that the
proportion of G0/G1 phase cells increased, while the proportion of S and G2/M phase cells decreased,
indicating that cells were blocked in the G0/G1 phase.

The G1/S phase is a key regulatory point in the cell cycle. When cells enter the S phase from G1,
CCND/CDK4/6, CCNE/CDK2, and CCNA/CDK2 all play important roles. CCND1 enables cells to enter the S
phase from G1 [27],which is also called the restriction point, and is the key to determining whether the cell
cycle continues. The reduction in CCND1 plays a negative regulatory role in the G1/S cell cycle and
blocks the cell cycle [28]. Studies have shown that CCNE2 is signi�cantly increased in tumor-derived cells,
including cervical cancer [29] and bladder cancer [30], and that the expression level of CCNE2 is negatively
correlated with tumor grade and is signi�cantly correlated with tumor growth pattern, invasiveness, and
poor overall survival rate [31]. Decreasing CCNE2 expression in tumor cells may lead to G1/S cell cycle
arrest [32]. Previous studies [33] have shown that CCNA2 is highly expressed in a variety of tumors, and it
plays a key role in cell cycle control in the G1/S and G2/M phases by activating CDK4/6.

CCNB1 plays a key role in regulating the progression of the G2/M phase of the cell cycle. CCNB1 binds to
CDK1 and forms the heterodimer CCNB1/CDK1, that is, the maturation promoting factor, which promotes
cells from the G2 phase to the M phase and initiates mitosis. A large number of studies have also shown
that CCNB1 expression in transplanted tumor cells can reduce cell proliferation, block the cell cycle in the
G2/M phase, increase apoptosis, and inhibit tumorigenesis [34]. As a cell cycle checkpoint regulator, cell
division cycle 20 (CDC20) is a regulatory protein that promotes complex/cyclic interactions in the late cell
cycle and is involved in mitotic initiation [35]. Abnormal CDC20 levels or dysfunction can eliminate mitotic
arrest, promote precocious activation proteins, and lead to aneuploidy changes in progeny cells. Many
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studies have shown that the increased expression of CDC20 is related to adverse pathological features
and prognosis of many human cancers [36, 37].

Apoptosis is a non-in�ammatory and active death process formed by multicellular organisms to maintain
homeostasis. It also involves the expression and regulation of multiple genes [38]. There are two core
signaling pathways in apoptosis: the exogenous death receptor signaling pathway, which is activated by
extracellular death signals, and the endogenous mitochondrial signaling pathway, which is activated by
intracellular stress [39].

Bcl-2 and Bax, members of the Bcl-2 protein family, are important cytokines that regulate apoptosis. Bcl-2
mainly inhibits apoptosis, whereas Bax promotes apoptosis [40]. When stimulated by the cell death signal,
Bax can upregulate the release of apoptotic factors and induce apoptosis, whereas Bcl-2 inhibits
apoptosis in this process [41]. Caspase-3 is a member of the caspase family and is a key molecule that
regulates apoptosis [42]. Activation of caspase-3 can promote apoptosis, and its degree of activation is an
important indicator for evaluating apoptosis [43]. This study showed that compared with N-Con tissues,
Lb-miR166a screened 89 apoptosis-related differential genes, including 60 upregulated and 29
downregulated genes. Differential gene annotation analysis showed that 11 apoptosis-related GO entries
and 1 KEGG pathway were enriched. Apoptosis-related analysis showed that the apoptosis rate of cells in
the Lb-miR166a group increased and the expression of the Bcl2 gene was downregulated, while the
expression of apoptotic proteins Bad and Bax and the cleaved caspase-3 protein content in cells were
signi�cantly upregulated, indicating that Lb-miR166a can promote the apoptosis of RCC cells.

Lb -miR166a inhibits invasion and metastasis of RCC cells

Tumor metastasis refers to the formation of secondary tumors by tumor cells migrating from the primary
site to other parts of the body through lymphatic and blood vessels. This process includes separation
from the primary focus, survival in the circulatory system, and distant regrowth [44]. In this study, we used
a scratch test to detect the effects of Lb-miR166a on cell metastasis. The results showed that compared
to the N-Con group, the cell metastasis ability of the Lb-miR166a group was signi�cantly limited (P < 
0.05), indicating that mir-166a can inhibit the migration of RCC cells. The Transwell cell invasion assay
was used to detect the effect of Lb-miR166a on cell invasion. The results showed that compared to the N-
Con group, the cell invasion ability of the Lb-miR166a group was signi�cantly limited (P < 0.05),
indicating that mir-166 can inhibit the invasion of RCC cells.

Tumor-bearing experiments in nude mice veri�ed the effect of Lb-miR166a on the biological behavior of
RCC cells in vivo, and showed that the tumor volume in the Lb-miR166a group was signi�cantly reduced.
Immunohistochemical analysis showed that the Ki67 protein expression in the Lb-miR166a group was
downregulated, and the number of liver metastases in the Lb-miR166a group was signi�cantly lower than
that in the N-Con group.

Conclusions
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This study preliminarily showed, using transcriptome sequencing, that Lb-miR166a promotes renal
cancer cell apoptosis and inhibits cell proliferation, invasion, and metastasis through the cross-border
regulation of gene expression in renal cancer cells. The results of this study suggest that Lb-miR166a
could be important for the treatment of renal cancer; however, its speci�c molecular mechanism, drug
development, and biological prediction still require extensive research and exploration and clinical trials
will be needed to verify the safety and effectiveness of the drug.
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Figure 1

Lb-miR166a has a potentially positive impact on the treatment of kidney cancer
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Figure 2

The expression of Lb-miR166a was detected by qRT-PCR **P 0.01
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Figure 3

Screening and functional annotation of differential genes by transcriptome sequencing. a,Screening of
differentially expressed genes, the total number of IDs after removing null values was 1813, among
which, there were 1813 gene IDs meeting the threshold of log2 (FC) > 1 & p.adj < 0.05, 1232 gene IDs with
high expression and 581 gene IDs with low expression. Red indicates signi�cantly up-regulated genes
and blue indicates signi�cantly down-regulated genes. b, functional annotation of differentially expressed
genes. c, enrichment analysis of tumor-related KEGG pathway, red indicates signi�cantly up-regulated
pathway, blue indicates signi�cantly down-regulated pathway.
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Figure 4

Hsa05200 (pathway in cancer) pathway differentially expressed gene annotation, red indicates
signi�cantly up-regulated gene, green indicates signi�cantly down-regulated gene.

Figure 5

Lb -miR166a inhibits cell proliferation. a,Cell proliferation related gene expression notes: red indicates
signi�cant up regulation and blue indicates signi�cant down regulation. b,Cell proliferation related go
entries and KEGG pathway enrichment analysis, red indicates that the gene expression is signi�cantly up-
regulated in this pathway, and blue indicates that the gene expression is signi�cantly down regulated in
this pathway. C, Hsa04110 (cell cycle) pathway differentially expressed genes note: red indicates
signi�cantly up-regulated genes and green indicates signi�cantly down-regulated genes
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Figure 6

Lb-miR166a inhibited cell proliferation. a,b,c, Flow cytometry was used to detect cell cycle. d,e, Western
blot was used to detect the expression of cell cycle-related genes and proteins. (*P 0.05).

Figure 7

Enrichment analysis of apoptosis-related pathways. a, Annotation of apoptosis-related gene expression,
Red indicates signi�cant up-regulation and blue indicates signi�cant down-regulation. b, apoptosis-
related GO items and KEGG pathway enrichment analysis, red indicates signi�cant up-regulation of gene
expression in this pathway, blue indicates signi�cant down-regulation of gene expression in this pathway.
c, hsa04210 (Apoptosis) pathway differentially expressed gene annotation, red indicates signi�cant up-
regulation of gene, green indicates signi�cant down-regulation of gene.
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Figure 8

Lb-miR166a promoted the detection of apoptosis of renal cell carcinoma cells. a,b, Apoptosis was
detected by �ow cytometry. c,d, The expression of apoptosis related genes and proteins was detected by
Western blot. (*P 0.05).
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Figure 9

PPI network demonstrated the effect of Lb-miR166a on the gene expression of proliferation and
apoptosis in renal cell carcinoma cells.
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Figure 10

Lb-miR166a inhibited the migration and invasion of renal cell carcinoma cells. a,b, cell scratch test
veri�ed the effect of Lb-miR166a on the migration of renal cell carcinoma cells .c,b, Transwell experiment
veri�ed the effect of Lb-miR166a on the invasion of renal cell carcinoma cells. (*P 0.05).

Figure 11

Tumor bearing experiment in nude mice . a,b,subcutaneous tumorigenesis in nude mice, tumor volume
comparison . c,d, detection of the number of tumor liver metastases by tail vein injection in nude mice .
e,f, Immunohistochemical expression of Ki67 in subcutaneous tumorigenesis of nude mice . (*P 0.05).
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