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Abstract: The present study was aimed to investigate the candidate genes involved in metastasis of clear-cell renal 
cell carcinoma (ccRCC). ccRCC tissues were collected from 36 patients with metastasis (mRCC) and 46 patients 
without metastasis (pRCC) and gene expressions were analyzed through RNA-Sequencing (RNA-Seq) technology. 
Differentially expressed genes (DEGs) were recognized via limma package (logFC>0.7 or <-0.7 and P<0.05), and 
protein-protein interaction (PPI) network was constructed as a DEGs connection pathway. Moreover, the analysis 
of pathway and function were performed through using the analysis of gene ontology (GO) enrichment and Kyoto 
encyclopedia of genes and genomes (KEGG) pathway. Finally, MTT and transwell assays were performed to identify 
the effects of selected gene in ccRCC cell in vitro. Through analyzing the data of RNA-Seq, it was observed that 1207 
genes were differentially expressed between ccRCC tissues with or without metastasis, including 724 of down-
regulation and 483 of up-regulation, and Rheb was selected as a candidate gene involved in ccRCC metastasis. 
The results indicated that Rheb could promote ccRCC cell proliferation, invasion and migration in vitro. From those 
it could be found Rheb played important roles in the metastasis of ccRCC.
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Introduction

Renal cell carcinoma (RCC) is a highly aggres-
sive malignancy which consists of three differ-
ent pathological types, including clear-cell renal 
cell carcinoma (ccRCC), chromophoberenal cell 
carcinoma and papillary renal cell carcinoma, 
accounts for more than 90% of kidney cancers, 
and 2-3% of all adult malignancies [1, 2]. Among 
all pathological types of RCC, ccRCC is the most 
prevalent one comprising 80 to 90% of RCC 
cases [3]. Remarkable biological heterogene-
ities and varied prognosis have been reported 
within mRCC, therefore there is still lack of reli-
able biomarkers which could not be helpful to 
stratify ccRCC patients with the risk of metas-
tasis [4].

It is widely accepted that microvascular inva-
sion indicates a pro-metastatic state in various 
cancers [5]. During metastasis program, tumor 
cells undergo significant morphological chang-
es between epithelial and mesenchymal states 
[6]. ccRCC is featured by specific metastatic 
patterns, being lungs, liver and skeletal system 

the most commonly affected sites. Prognosis 
for patients with mRCC remains greatly unfavor-
able, with a median survival time of eight 
months and 5-year survival rate of nearly 10% 
[7]. But the molecular effectors underlying me- 
tastasis in ccRCC remains to poorly under- 
stand.

During the last several decades, great achieve-
ments have been made in the analysis of gene 
expression owing to the practice of transcrip-
tomic profiling based on high-throughput 
sequencing (RNA-Seq) [8, 9]. A great number of 
sequence with bioinformatics and experimen- 
tal data from a wide inventory of human tissue 
specimens have contributed to recognized 
DEGs with subsequent applicability in clinic. 
However, to our knowledge, people haven’t 
compared the difference of transcriptional pro-
filing between ccRCC tissues with or without 
metastasis. Through next generation sequenc-
ing based on RNA-seq, gene expression profil-
ing of 36 ccRCC specimens with metastasis 
and 46 ccRCC specimens without metastasis 
were collected in clinical patients.
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Therefore, the current study aimed to identify 
selected genes involved in the metastasis of 
ccRCC through RNA-sequence and data analy-
sis. Furthermore, we detected the effects of 
knockdown of relevant gene on the prolifera-
tion, invasion and migration of ccRCC cells in 
vitro.

Materials and methods

Patients and specimens

ccRCC tissue samples were acquired from ran-
domly selected 36 patients with mRCC and 46 
patients without metastasis (pRCC) during the 
period from March, 2014 to October, 2015 at 
the Department of Urology, the general Hospital 
of Ningxia University College of Medicine 
(Yinchuan, China). None of the patients had 
undergone any previous cancer-related thera-
py, or had a history of any other kinds of tumors. 
After operation, these fresh tissues were 
promptly frozen and conserved in liquid nitro-
gen for further use. The study got approval  
from the Medical Ethical Committee of the 
College of Medicine, Ningxia Medical University. 
Prior to tissue collection, all patients have been 
fully acquainted with the project and have 
signed informed consents.

Cell culture

Human ccRCC cell lines ACHN were acquired 
from the Cell Bank of the Institute of Bio- 
chemistry and Cell Biology, Chinese Academy 
of Sciences (Shanghai, China). All cell lines 

were cultured in DMEM (Gibco, Shanghai) with 
adding 10% FBS (Gibco, Shanghai) in a humidi-
fied incubator of 5% CO2 maintained at 37°C.

RNA-sequence and data analysis

Total RNA extraction was performed using a 
TRIzol reagent kit (Life Technologies, Inc., 
Rockville, MD, USA) according to the company’s 
specifications. SOLiD Total RNA-Seq Kit (Am- 
bion) was used to prepare the libraries. 
Following library quantification, each library 
was plated onto a single read flow cell for 
sequencing on an Illumina HiSeq 2500 
sequencer, generating 2×100 bp reads. The 
FastQC (http://www.bioinformatics.babraham.
ac.uk/projects/fastqc/) was used for Quality 
Check and raw reads were filtered by removal 
of adapter and low quality reads. After stringent 
quality assessment and data filtering, clean 
reads were mapped to the human genome 
using Bowtie2 software (http://tophat.cbcb.
umd.edu/) for evaluation of sequence align-
ments [10].

Differential expression analysis between mRCC 
and pRCC tissues (paired t-test) was perform- 
ed with the limma package implemented in 
Bioconductor using the FPKM (Fragments 
PerKilobase of transcript per Million mapped 
reads) method [11]. Only transcripts were found 
to be differentially expressed with an FDR-
adjusted P-value <0.05 (adjusted using 
Benjamini-Hochberg false discovery rate (FDR) 
procedure, and with a minimum of logFC (fold 
change) >0.7 or <-0.7 were considered signifi-
cant and used for further analysis. GO and 
KEGG pathway analysis of up- and down-regu-
lated genes were performed using DAVID 
(Database for Annotation, Visualization, and 
Integrated Discovery) Bioinformatics Resour- 
ces 6.7 [12] for functional enr ichment analysis. 
The complete diagram of RNA-sequence was 
shown in Figure 1.

qRT-PCR

The expression levels of Rheb were investigat-
ed through Quantitative Real-time PCR (qRT-
PCR). Synthesis of cDNAs was carried out by a 
reverse transcription kit (Bio-Rad, Hercules, 
California, USA). qRT-PCR reactions were car-
ried out by a preheated ABI 7500 Real-Time 
PCR System (Applied Biosystems, Carlsbad, 
USA). The primer sequences used in this study 
were as follows: β-actin, forward: 5’-CTGGAA- 

Figure 1. The schematic workflow for RNA-sequence.
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CGGTGAAGGTGAC-3’ and reverse: 5’-AAGGG- 
ACTTCCTGTAACAATGC-3’; Rheb, forward: 5’-AC- 
CTGCATATGGAAAGGGTG-3’ and reverse: 5’-TT- 
CCCAGTGTCCTCAGGCT-3’. The analysis of rela-
tive gene expressions should be performed at 
three times independently, and each sample 
should be verified in triplicate. Fold changes 
were calculated and determined using relative 
quantification methods (2-ΔΔCt) [13]. β-actin was 
served as internal control.

Protein isolation and western blot analysis

Total protein was isolated from the cells using 
RIPA buffer (Beyotime, Jiangsu, China) contain-
ing protease inhibitor mixture (Beyotime). 
According to the manufacturer’s protocol, the 
protein concentration was assessed through  
a Bradford protein assay (Bio-Rad, Hercules, 
CA, USA). The protein samples with equal 
amounts (20 µg) were then loaded onto a SDS-
PAGE gel and transferred onto PVDF mem-
branes (Amersham Biosciences, Piscataway, 
NJ, USA). The membranes were incubated with 
the specific primary antibodies overnight at 
4°C. Primary antibodies were as follows: RHEB 
(1:1000; Abcam, USA) and GAPDH (1:5000; 
Abcam, USA). Membranes were then probed 
with appropriate HRP-conjugated secondary 
antibodies for 2 h at room temperature. The 
membranes were developed using Western 
chemiluminescent ECL reagent (Tiangen, Bei- 
jing, China) and exposed to X-ray film. The den-
sity of the bands on the membrane was quanti-
fied by Quantity One software (Bio-Rad 
Laboratories, Milan, Italy) with GAPDH as the 
internal control.

Plasmid construction and transfection

Human Rheb (NM_005614.3) mRNA sequence 
was obtained from NCBI Genbank. In purpose 
of depletion of Rheb to silence Rheb expres-
sion, a pair of Rheb-short hairpin RNA (shRNA) 
oligonucleotides were chemically synthesized, 
annealed and constructed into the pSuper-ret-
ro-puro-vector (Oligoengine, Seattle, WA, USA) 
as shRheb [14]. Scramble shRNA was inserted 
into the pSuper-retro-puro-vector as shCon. 
shRheb or shCon was transfected into ACHN 
cells using Lipofectamine 2000 reagent 
(Invitrogen) in accordance to the manufactur-
er’s instructions. 48 h after transfection, puro-
mycin (1 μg/mL) was used to screen and estab-
lish stable ACHN cells expressing shRheb or 
shCon.

Cell proliferation assay

The in vitro proliferation of ACHN cells were 
measured by MTT assay (Sigma, St. Louis, MO, 
USA). ACHN cells were seeded into 96-well 
plates in a density of 1×104 cells/well. After 1, 
2, 3, 4 and 5 days of transfection, culture medi-
um was replaced with fresh medium containing 
MTT dye (20 µL/well) and incubated with the 
cells for another 4 h. After supernatant remov-
al, DMSO (150 µl/well; Sigma, USA) was added 
and thoroughly mixed for 15 minutes. The 
absorbance value at 450 nm was measured by 
Universal Microplate Spectrophotometer (Bio-
Tek Instruments, Inc., Winooski, USA).

Cell transwell assays

24-well transwell chambers (Costar, Corning, 
Switzerland) with uncoated or Matrigel-coated 
membranes were respectively used for migra-
tion and invasion assays in this research. 
Briefly, the post-transfected ACHN cells were 
seeded onto the upper chamber contained 
serum-free medium, while medium supple-
mented with 10% FBS acted as chemoattrac-
tant was added to the lower chamber. After 
incubation for 16 hours (migration assay) or 24 
hours (invasion assay), cells which did not 
migrated across the upper surface were 
removed with cotton swabs, while cells which 
adhered to the lower surface of the inserts 
were stained with 0.1% crystal violet for 20 
minutes. Finally the whole filters were washed 
twice in water and observed.

Statistical analysis

All statistical analysis of this research was per-
formed using SPSS 17.0 (IBM, Chicago, IL, USA) 
and GraphpadPrism 5.0 (Graphpad Software, 
San Diego, CA, USA). All the results of in vitro 
trials were addressed as mean ± SD (standard 
deviation) from three separate experiments in 
triplicates, and the data was further analyzed 
using double-sided Student’s t-test. P<0.05 
was regarded to indicate a statistically signifi-
cant result in this research.

Results

RNA-sequence and data analysis

According to different clinical phenotypes, the 
patients were subsequently divided into two 
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Figure 2. Connection pathway analy-
ses of DEGs. In this network, green 
node denotes the down-regulated 
DEGs, and red nodes denote the up-
regulated DEGs.
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groups, including 36 samples of mRCC and 46 
samples of pRCC. All the genetic IDs have been 
transferred into a gene symbol. Limma algo-
rithm was conducted based on the difference 
of genes expression between two groups, and 
1207 genes have been selected and collected, 
including 724 of down-regulation and 483 of 
up-regulation, according to the logFC>0.7 or 
<-0.7 and P<0.05 as a significant threshold.

In order to analysis the DEGs in the protein-pro-
tein interaction (PPI) network, and to find the 
ways these genes to interact with others to 
affect the transfer capacity of ccRCC, the inte-
gration of the interaction between genes was 
constructed through the STRING database [15] 
as a DEGs connection pathway. The network 
nodes of DEGs, and their expansion and exten-
sion through the connection pathway of interac-
tion provided us with at least 20 DEGs which 
have direct interactions with other genes in the 
connection pathway, as shown in Figure 2.

Identification and functional analysis of 100 
DEGs

Through the analysis of the connection path-
way, the network node degree distribution of 
the DEGs was measured, which was demon-
strated in Figure 3.

Using unsupervised clustering algorithm, it was 
confirmed the top 100 genes which could be 

tic value, combined with the recursive feature 
elimination algorithm for further feature selec-
tion, then the results was obtained as illustrat-
ed in Figure 5. It was found that when the 15 
features were combined, the highest model 
prediction accuracy can be achieved at appro- 
ximately 85%, which was marked red in the  
figure. And the selected 15 features (genes) 
were recorded in Table 1. Rheb, as a candidate 
of 15 genes, had been previously reported  
to be closely correlated to the metastasis of 
kidney cancer [16]. Subsequently, KEGG path-
way analysis was performed to explore the  
relative pathway of Rheb, which were present-
ed in Table 2.

Rheb could promote ccRCC cell proliferation, 
invasion and migration

As the previous results showed that Rheb  
might be a valuable candidate, its role in ccRCC 
cells was further validated. Rheb expression  
of ACHN cells transfected with shRheb redu- 
ced greatly than controls revealed by both qRT-
PCR and western blot (Figure 6A, P<0.05). 
Whether Rheb could affect cell proliferation 
was verified through conducting MTT growth 
assay over a five-day period. As demonstrated 
in Figure 6B, shRheb was found to significantly 
repress cell proliferation (P<0.05), which indi-
cated that Rheb expression was significantly 
associated with ccRCC proliferation. Further- 
more, we could uncover that the migration and 

Figure 3. DEGs degree distribution.

used to effectively distinguish 
metastatic carcinoma from 
non-metastatic carcinoma. 
The heat-map of 100 differen-
tially expressed genes was 
present in Figure 4. The top 
100 genes were submitted to 
pathway and function analy-
sis using the GO enrichment 
and KEGG pathway analysis, 
and all the data were record-
ed in Tables S1 and S2.

Rheb gene analysis

Finding the diagnostic mark-
ers which can be used to pre-
dict the metastasis risks of 
ccRCC patients from these 
top 100 genes, the genes 
were characterized and their 
expressions in the sample 
were used as the characteris-
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invasion capacities of shRheb cells were dra-
matically inhibited compared to the controls, 
revealed by transwell assays (P<0.05; Figure 
6C and 6D). And the cells with shRheb trans-
fected showed a sharply decrease in cell inva-
sion and migration ability. Collectively, the 
results mentioned above presented a clear 
conclusion that down-expression of Rheb could 
suppress ccRCC cell proliferation, invasion and 
migration in vitro.

Discussion

In this study, through analyzing the data of 
RNA-seq, it was indicated that Ras homolog 

enriched in brain (Rheb) might be a promising 
biomarker for the metastasis of ccRCC. Then, 
the further investigations were identified that 
Rheb could promote ccRCC cells proliferation, 
invasion and migrationin vitro. The present 
research is the result of candidate genes dis-
covery in clinical ccRCC tissue through 
RNA-seq.

Although protein pattern could only be partially 
illustrated by mRNA concentration [17], mRNA 
expression was clearly an indicator for protein 
expression. Recent studies suggested that 
RNA-Seq provided a great deal of transcription-
al detail in comparison to genome-wide micro-

Figure 4. Heat map 
of the 100 most 
overexpressed (red) 
and underexpressed 
(blue) genes in the 
ccRCC specimens.
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arrays, especially for investigating low-copy 
transcripts and that it provided for an overall 
up-regulated dynamic range of signal intensity 
at 2 to 3 orders of magnitude greater than 
microarrays [18, 19]. Therefore RNA-seqwas 
quite suited for the research of both known and 
novel transcript isoforms.

It was known that most DNA mutations might 
had relationships with ccRCC metastasis, 

cellular activities in accordance with environ-
mental nutrient availability [25, 26]. Activity 
status of Rheb could repress mTORC2 and 
PI3K pathway by inducing multiple mTORC1-
dependent negative feedback loops [27]. Rheb, 
originally identified in brain neurons [23], was 
also found to be overexpressed in a wide vari-
ety of human cancers, such as hepatic cancer 
[28], ovarian cancer [29], renal cell carcinoma 
[30] and acute myelogenous leukemia [31]. 

Figure 5. Feature selected of top 100 genes.

Table 1. Selected 15 genes
Gene logFC P value Cancer type
Hes5 -0.89248 0.0018484 Breast cancer
Znf417 -0.82599 0.0039565 Prostate cancer
Glr2 -0.98549 0.0005859 -
Or8d2 -0.81352 0.0045381 -
Hoxa7 0.714953 0.0126229 Breast cancer
Fabp6 0.923417 0.0012752 Colorectal cancer
Musk -0.79751 0.0053985 -
Htr6 -0.76513 0.007601 -
Grip2 -0.99734 0.0005026 -
Or51m1 -0.81252 0.0045881 -
Or1c1 -0.77549 0.0068216 -
Klrk1 -0.9248 0.0012539 -
Vegfa 0.84416 0.0032296 Kidney cancer metastasis
Akap12 0.97641 0.0006583 -
Rheb 0.92876 0.0011947 Kidney cancer metastasis

according to the present 
results and previous re- 
searches, many genes which 
might be implicated in  
the development of ccRCC  
should be identified using  
the latest technology. That 
was the reason we performed 
the experiments using tumor 
tissue with or without me- 
tastasis. And actually we 
found some interesting ge- 
nes that may have important 
role comparing the RNA-seq 
data between these two sets. 
Results indicated that Rheb 
played important roles in 
ccRCC metastasis.

Metastasis of ccRCC com-
monly indicated the poor pro-
gression, including low 5-year 
survival rate [20], unfavor-

able quality of life and ineffective treat-
ment [21]. Of note, a great number of 
studies were related to the ccRCC metas-
tasis. For example, Zhang et al. [22] dem-
onstrated that expression of long non-
coding RNA MALAT1 was significantly 
up-regulated in ccRCC tissues and RCC 
cell lines and silencing of long non-coding 
RNA MALAT1 suppressed ccRCC cell  
proliferation, migration and invasion. 
However, the entire mechanism of ccRCC 
metastasis remained to be further 
elucidated.

RHEB, as a protein of the Ras superfamily 
GTPases of 21 kDa, served as an 
upstream activator of mTORC1 (mamma-
lian target of rapamycin complex 1) [23, 
24]. Previous studies had indicated that 
RHEB-mTORC1 might be an important  
signaling axis in mediating a variety of  
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Moreover, in non-small cell lung cancer cells, 
RHEB might be a key molecule for farnesyl-
transferase inhibitors (FTIs) therapy [32]. In 
addition, emerging evidence revealed that 
Rheb was associated with the metastasis of 
RCC [16]. Consistently, in the current research, 
we revealed that Rheb could promote ccRCC 
cell proliferation, invasion and migration in 
vitro.

Actually, in this study, we only tested and veri-
fied the metastatic role of Rheb in a ccRCC cell 

lines and we did not clarify the specific mecha-
nism how Rheb could affect the metastasis of 
ccRCC. Therefore, based on the present study, 
we would devote into exploring and clarifying 
the interaction between Rheb and its down-
stream target and the underlying mechanism 
how Rheb could promote the metastasis of 
ccRCC in further study.

In conclusion, the genes found in the present 
study provided us a lot of information and sug-
gestions which may lead us to get much closer 

Table 2. GO enrichment and KEGG pathway analysis of Rheb gene
Category ID Terms P value Ratio (%)
GOTERM_BP_5 GO:0007242 Intracellular signaling cascade 0.032 16
KEGG_PATHWAY hsa04910 Insulin signaling pathway 0.011 6
Ratio = number of DEGs mapped to the pathway/total number of genes of the pathway.

Figure 6. Silencing Rheb inhibits ACHN cell proliferation, invasion and migration in vitro. (A) RHEB mRNA and protein 
levels in ACHN cells after transfection with shCon and shRheb were detected using qRT-PCR and western blot. (B) 
ACHN cell proliferation was measured by MTT assay. ACHN cell invasion (C) and migration (D) capacities were inves-
tigated after transfection as indicated previously. Data are presented as mean ± SD (standard deviation). *P<0.05 
vs. shCon.
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to dealing with the problems of ccRCC metasta-
sis we are facing. Among them, Rheb gene 
could promote the proliferation, invasion and 
migration of ccRCC cells in vitro, which could be 
considered as a promising target for diagnosis 
and treatment of ccRCC metastasis in the near 
future.
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Table S1. GO enrichment analysis of the 100 DEGs
Name Ratio (%) P value
Cell surface receptor linked signal transduction 29 5.93E-05
G-protein coupled receptor protein signaling pathway 19 0.000865
Positive regulation of cellular biosynthetic process 14 0.001118
Positive regulation of biosynthetic process 14 0.001276
Positive regulation of cell communication 9 0.002423
Positive regulation of cell proliferation 10 0.002782
Regulation of cellular biosynthetic process 34 0.003083
Blood vessel morphogenesis 7 0.004015
Positive regulation of signal transduction 8 0.005168
Sensory organ development 7 0.00596
Positive regulation of nitrogen compound metabolic process 12 0.006091
Organ morphogenesis 11 0.0069
Blood vessel development 7 0.008202
Skeletal system morphogenesis 5 0.008472
Vasculature development 7 0.009181
Positive regulation of cellular metabolic process 14 0.009539
Enzyme linked receptor protein signaling pathway 8 0.011232
Sensory perception 13 0.012453
Development of primary sexual characteristics 5 0.013006
Positive regulation of macromolecule biosynthetic process 11 0.018174
Positive regulation of transcription 10 0.019307
Regulation of nucleobase, nucleoside, nucleotide and nucleic acid metabolic process 30 0.019584
Synaptic transmission 7 0.01993
Positive regulation of transcription, DNA-dependent 9 0.020718
Regulation of macromolecule biosynthetic process 30 0.021079
Angiogenesis 5 0.021586
Positive regulation of RNA metabolic process 9 0.021658
Regulation of signal transduction 13 0.022164
Regulation of transcription 28 0.022852
Positive regulation of gene expression 10 0.022907
Second-messenger-mediated signaling 6 0.026626
Regulation of apoptosis 12 0.028005
Regulation of programmed cell death 12 0.029827
Intracellular signaling cascade 16 0.03234
Positive regulation of nucleobase, nucleoside, nucleotide and nucleic acid metabolic process 10 0.034134
Embryonic organ development 5 0.034854
Regulation of gene expression 29 0.040377
Negative regulation of apoptosis 7 0.041278
Negative regulation of programmed cell death 7 0.043695
Negative regulation of cell death 7 0.044189
Tissue development 10 0.047969
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Table S2. The KEGG pathway analysis of the 100 DEGs
Name Ratio (%) P value
ErbB signaling pathway 7 0.000205
Olfactory transduction 11 0.003774
Renal cell carcinoma 5 0.005057
Pancreatic cancer 5 0.005591
Neurotrophin signaling pathway 6 0.007622
Insulin signaling pathway 6 0.010807
Neuroactive ligand-receptor interaction 8 0.013084
Focal adhesion 7 0.014472
GnRH signaling pathway 5 0.016229
Natural killer cell mediated cytotoxicity 5 0.043391
Ratio = number of DEGs mapped to the pathway/total number of 
genes of the pathway.


