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associated with poor prognosis in patients with  
clear cell renal cell carcinomas 

Jie Yao1*, Yang Chen2*, Yongcheng Wang3, Shouying Liu4, Xueling Yuan3, Fei Pan2, Peiliang Geng2

1Department of Oncology, 161 Hospital of PLA, Wuhan, China; 2Division of Internal Medicine, Chinese PLA 
General Hospital Medical School, Beijing 100853, China; 3Institute of Orthopedics, Chinese PLA General Hospi-
tal Medical School, Beijing 100853, China; 4Department of Orthopedics, 253 Hospital of PLA, Huhhot 010050, 
China. *Co-first authors.

Received March 23, 2014; Accepted May 23, 2014; Epub May 15, 2014; Published June 1, 2014 

Abstract: The clear cell renal cell carcinoma (ccRCC) is the most common subtype in renal cell carcinomas. Rapidly 
accumulating studies show that the long non-coding RNAs (lncRNAs) may play essential roles in cancers. In this 
study, we investigated the expression pattern of a novel lncRNA CADM1-AS1 in ccRCC by quantitative real time 
PCR. The results showed that CADM1-AS1 expression was down-regulated in tumor tissues in 64 patients with 
ccRCC compared with adjacent non-tumor tissues. Furthermore, the expression of CADM1-AS1 was positively cor-
related with the expression of mRNA CADM1 in ccRCC specimens (R = 0.611, P <0.0001). Decreased CADM1-AS1 
expression was correlated with the progression of AJCC stage (P = 0.039) and worse survival of ccRCC patients (P 
<0.05). Also, multivariate analysis identified low CADM1-AS1 expression as an independent prognostic factor for 
ccRCC (P <0.001, HR = 0.211, 95% CI = 0.088-0.504). In addition, we used small interfering RNA (siRNA) to evaluate 
the biological function of CADM1-AS1 in vitro. The results showed that CADM1-AS1 expression was positively associ-
ated with CADM1 mRNA expression in 786-O cells and ACHN cells. Functional experiments demonstrated markedly 
enhanced ability of growth and migration, and reduced apoptotic rate in CADM1-AS1 knocking down in 786-O cells. 
Conversely, overexpression of CADM1-AS1 showed a significant decrease in growth and migration, along with an 
increase in apoptotic rate in ACHN cells. In conclusion, our data demonstrated CADM1-AS1 is a new tumor suppres-
sor in ccRCC which regulates cell proliferation, apoptosis and migration via the expression pattern of “CADM1-AS1/
CADM1 mRNA gene pairs”. CADM1-AS1 may be a potential biomarker and therapeutic target in patients with ccRCC.
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Introduction 

Renal cell cancer (RCC) represents 2% of all 
cancers and is the most lethal of all urological 
malignancies [1, 2]. The clear cell renal cell car-
cinomas (ccRCC) is the most common subtype 
and represents about 70% of all renal tumors 
[3]. Metastasis is a common event for ccRCC 
and about one third of ccRCC patients have 
metastasis at the time of diagnosis [4, 5]. To 
identify predictive biomarkers is therefore cru-
cial for early detection and prevention of ccRCC. 

An increasing number of studies have shown 
that the long non-coding RNAs (lncRNAs), the 
largest transcript class in human genome, may 
play a fundamental role in a variety of biological 
cellular processes and multiple diseases, 
including cancer [6, 7]. There are a few prior 

data on the relationship between RCC and 
lncRNAs [8], which prompted us to conduct the 
current study.

It is known that many of these lncRNA tran-
scripts originate from transcription at promot-
ers or other nearby location of protein-coding 
genes [9, 10]. Using bioinformatics analysis, we 
found a new lncRNA (RNA176206|ENST 
00000546273) located at the antisense direc-
tion of a coding exon of the cell adhesion mole-
cule1 (CADM1). We gave this lncRNA a new 
name “CADM1-AS1”. CADM1 encodes a cellular 
adhesion molecule and regulates apoptosis, 
differentiation and cell cycle as a tumor sup-
pressor [11]. And it is down-regulated in many 
solid tumors, including lung, liver, pancreatic, 
breast, brain and prostate cancers [12-15].
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Figure 1. The relationship between 
CADM1-AS1 and CADM1 in ccRCC. A. 
CADM1-AS1 expression was detected 
in 64 pairs of ccRCC tissues by Q-PCR. 
B. The mRNA expression of CADM1 was 
detected in 64 pairs of ccRCC tissues 
by Q-PCR. C. The correlation between 
CADM1-AS1 expression and the mRNA 
expression of CADM1 in ccRCC.

Figure 2. CADM1-AS1 expression was significantly 
lower in tumor with AJCC stage III/IV than AJCC stage 
I/II.

The main objective of our study was to investi-
gate the expression of the “CADM1-AS1/ 
CADM1 mRNA gene pair” in ccRCC tumor tis-
sues and adjacent non-tumor tissues, and to 
explore the correlation between CADM1-AS1 

expression and clinicopathological characteris-
tics and patient survival, in order to evaluate 
CADM1-AS1 as a potential biomarker for ccRCC 
prognosis. This study may provide a new bio-
marker and therapeutic target that facilitates 
early diagnosis and treatment for ccRCC.

Materials and methods

Patient samples

A total of 64 patients with ccRCC were recruit-
ed during 2006-2012 at Chinese PLA General 
Hospital. All patients had underwent surgery 
and were histologically confirmed. Tumor and 
paired adjacent non-tumorous specimens 
(≤1.5 cm away from the tumor) were presented 
in our study after nephrectomy operation. The 
study was carried out with pre-approval from 
the hospital’s Ethical Research Committee and 
all enrolled patients provided written informed 
consent for tissue donation and analysis, and 
for publication of findings. No patient had 
received therapy before resection. All patients 
were followed up from the date of surgery until 
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Table 1. Relationship between expression of CADM1-AS1 
and clinicopathologic factors in 64 patients with ccRCC

Characteristics Cases
Expression of CADM1-AS1

P value
Low High

Age, year
    ≤60 24 13 11 0.606
    >60 40 19 21
Gender
    Male 38 20 18 0.611
    Female 26 12 14
Tumor diameter (cm)
    <4 18 8 10 0.578
    ≥4 46 24 22
Differentiation
    I/II 30 12 18 0.133
    III/IV 34 20 14
AJCC stage
    I/II 54 24 30 0.039※

    III/IV 10 8 2
※: P <0.05.

Figure 3. Patients with lower expression of CADM1-AS1 expression 
showed decreased overall survival compared with patients with high-
er expression of CADM1-AS1 expression.

either the date of death or December 2012. For 
analysis of patient survival, the patients who 
were lost to follow-up or those who died from 
causes other than RCC were regarded as cen-
sored data.

Cancer cell lines

The renal carcinomas cell 786-O and ACHN 
were purchased from American Type Culture 

Collection. 786-O and ACHN cell lines 
were cultured in DMEM and MEM 
medium, respectively, at 37°C with 
5% CO2, with each medium contain-
ing 10% fetal bovine serum (Gibco, 
USA).

RNA extraction and real-time quanti-
tative PCR

Total RNA was extracted from frozen 
cancer tissues, matched adjacent 
normal tissue using the Trizol Total 
RNA Reagent (Invitrogen, USA). The 
concentration and A260/280 ratio 
were measured by NanoveuPlus (GE 
Healthcare, UK). The RNA integrity 
and absence of genomic DNA con-
tamination were evaluated by formal-
dehyde-agarosegel electrophoresis.

Complementary DNA was synthe-
sized from 1 ug total RNA using a 
Revert Aid First Strand cDNA Syn- 
thesis Kit (Thermo Scientific, USA), 
according to the manufacturer’s 
instructions.

Quantitative PCR was performed 
using the SYBR Prime Script RT-PCR 
kit (Takara, Japan) in an Applied 
Biosystems 7500 Fluorescent Qu- 
antitative PCR System (Applied Bio- 
systems, USA). The reaction mixtures 
were incubated at 95°C for 30 s, fol-
lowed by 40 amplification cycles of 
95°C for 5 s and 60°C for 34 s. The 
comparative Ct method was used to 
quantify relative expression of mRNA 
and lncRNA. Expression level of 
housekeeping gene GADPH was used 
to normalize gene-of-interest expres-
sion. The primers sequences in 
ourstudy were as follows: CADM1-
AS1 Forward 5’-TGACAAAGGCAGG- 

AGGTA-3’, Reverse 5’-GCACTATGGCTGAGG- 
AAA-3’; CADM1 Forward 5’-ATGGCGAGTGTAG- 
TGCTGC-3’; Reverse 5’-GATCACTGTCACGTC- 
TTTCGT-3’.

Transfection of siRNA

We designed small interfering RNA (siRNA1, 
siRNA2) for knock down of CADM1-AS1 in 
786-O cells. And non-targeting siRNA (NC 
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Table 2. Univariate and multivariate analysis of clinicopathologic factors for overall survival in 64 
patients with ccRCC

Risk factors
Univariate analysis Multivariate analysis

HR※ P value 95% CI HR※ P value 95% CI
CADM1-AS1 expression (low/high) 0.461 0.021※※ 0.239-0.889 0.211 0.001※※ 0.088-0.504
Tumor diameter (<4 cm, ≥4 cm) 4.655 0.001※※ 2.379-9.109 4.054 0.001※※ 1.986-8.277
Differentiation (I/II, III/IV) 0.242 0.001※※ 0.123-0.473 0.130 0.001※※ 0.050-0.337
AJCC stage (I/II, III/IV) 10.661 0.001※※ 4.127-27.540 5.256 0.005※※ 1.661-16.626
Age (≤60, >60) 1.283 0.473 0.650-2.530
Gender (male, female) 0.428 0.015※※ 0.216-0.848
※HR hazard ratio. ※※P <0.05.

Figure 4. Knockdown of CADM1-AS1 by sense strand and antisense strand of siRNA in 786-O cells. A. Knockdown 
of CADM1-AS1 by siRNA1 and siRNA2 in 786-O cells. B. Knockdown of CADM1-AS1 by sense strand and antisense 
strand of siRNA in 786-O cells.

SiRNA) was negative control and obtained from 
GenePharma (Shanghai, China). The sequenc-
es were as follows: siRNA1 Sense stra- 
nd 5’-rGrUrArCrCrUrCrCrUrGrCrCrUrUrUrGrUr- 
CrArArGrCrCAA-3’; Antisense strand 5’-rUrUr- 
GrGrCrUrUrGrArCrArArArGrGrCrArGrGrArGrGr- 
UrArCrArA-3’; siRNA2Sense strand 5’-rGrArCr- 
CrUrArUrCrGrArGrArArCrUrGrArGrArGrCrGr- 
ACA-3’; Antisense strand 5’-rUrGrUrCrGrCrUr- 
CrUrCrArGrUrUrCrUrCrGArUrArGrGrUrCrArG-3’.

Overexpression of CADM1-AS1 in ACHN cells

Plasmid pcDNA-CADM1-AS1 was constructed 
by introducing a BamHI-EcoRI fragment con-
taining CADM1-AS1cDNA into the same sites in 
pcDNA3.1. The ACNH cells were transfected 
with pcDNA-CADM1-AS1 using Lipofectamine 
2000 (Invitrogen, USA). And pcDNA-control was 
used as a negative control.

Cell growth curve

786-O cells (5×104) and ACHN cells (5×104) in 
exponential growth were seeded into four 

12-well plates. The plates were incubated at 
37°C in a humidified 5% CO2 atmosphere. The 
786-O cells and ACHN cells were counted by 
hemocytometer after transfection at 24 h, 48 
h, and 72 h.

Scratch wound healing assay

For the scratch wound healing assay, 786-O 
cells and ACHN cells were grown in complete 
growth medium until 90% confluency after 
transfection. A 3 mm wound was introduced 
across the diameter of each plate. Cell migra-
tion was observed by microscopy at 24 and 48 
h later and analyzed objectively using Image J.

Apoptosis detection by flow cytometry

786-O cells and ACHN cells were cultured  
in Serum-Free Medium after transfection. 
Apoptosis analysis was performed by the PE 
Annexin V Apoptosis Detection Kit I (BD, USA) 
after culturing in serum-free medium about 48 
h. Samples were analyzed using the FACS 
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Figure 5. ACHN cells were transfected by pcDNA-CADM1-AS1.

Caliber flow cytometer (BD, USA). Data were 
analyzed by Cell Quest software (BD, USA).

Statistical analysis

Differences between groups were analyzed 
using Student’s t test. Correlation between 
gene expressions was studied by using 
Pearson’s correlation. Chi-square test was per-
formed to explore the associations between 
CDAM1-AS1 expression and clinical character-
istics. Survival curves were estimated by the 
Kaplan-Meier method. The log-rank test was 
used to estimate the statistical difference 
between survival curves.

Cox proportional hazards analysis was per-
formed to calculate the hazard ratio (HR) and 
the 95% confidence interval (CI) to evaluate the 
association between CDAM1-AS1 expression 
and overall survival time. In addition, a multi-
variate Cox regression was performed to adjust 
for other covariates. Statistical analyses were 
performed by using SPSS version 18.0. For all 
statistical analyses, P <0.05 was considered 
statistically significant.

Results

CADM1-AS1 expression was down-regulated 
and correlated with the mRNA expression of 
CADM1 in ccRCC tumor tissues

CADM1-AS1 expression and the mRNA expres-
sion of CADM1 were assessed in 64 patients 
with ccRCC by Q-PCR. For each ccRCC patient, 
CADM1-AS1 expression and the mRNA expres-
sion of CADM1 were isolated from cancerous 
tissues and adjacent non-tumorous tissues. 

cantly correlated with the progression of ccRCC 
from AJCC stages I & II to AJCC stages III & IV. 
Decreased CADM1-AS1 expression was associ-
ated with more advanced AJCC stage (P = 
0.039, Figure 2). No relationship between 
CADM1-AS1 expression and other factors, e.g., 
age (≤60, >60), gender (male, female), tumor 
diameter (<4, ≥4) or differentiation (poor 
differentiation: III/IV; well differentiation: I/II), 
was found in our study (Table 1).

CADM1-AS1 expression is an independent 
predictor for overall survival 

Kaplan-Meier analysis of the survival of patients 
was performed to evaluate CADM1-AS1 expres-
sion in ccRCC. We divided the samples into 
high (above the mean, n = 25) and low (below 
the mean, n = 25) CADM1-AS1 expression 
groups according to the mean value of CADM1-
AS1 level. As shown in Figure 3, patients with 
low expression of CADM1-AS1 had significantly 
worse overall compared with patients with high-
er expression of CADM1-AS1 expression (P 
<0.05).

Univariate analysis identified five prognostic 
factors: tumor diameter (<4 cm, ≥4 cm), differ-
entiation (I/II, III/IV), AJCC stage (I/II, III/IV), 
gender (male, female) and CADM1-AS1 expres-
sion (P <0.05, Table 2). Age was not statistically 
significant prognosis factors. More importantly, 
multivariate analysis of the prognostic factors 
confirmed that low CADM1-AS1 expression was 
a significant independent predictor of poor sur-
vival of ccRCC (P <0.001, HR 0.211, 95% CI 
0.088-0.504), in addition to tumor diameter, 
differentiation and AJCC stage (Table 2).

Adjacent non-tumorous tissues were high-
er than cancerous tissues in CADM1-AS1 
expression and the mRNA expression of 
CADM1. The results showed that the 
expression of CADM1-AS1 was significant-
ly correlated with the mRNA expression of 
CADM1 in ccRCC tissue samples (R = 
0.611, P <0.0001, Figure 1). 

Relationship between CADM1-AS1 ex-
pression and clinicopathologic factors in 
ccRCC

We examined the correlation of CADM1-
AS1 expression level with the clinicopatho-
logic factors in 64 patients with ccRCC. 
Decreased CADM1-AS1 expression signifi-
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Figure 6. Cell growth cure of 786-O cells and ACHN cells. A. Cell growth cure of 786-O cells after knockdown CADM1-
AS1 by siRNA. B. Cell growth cure of ACHN cells after overexpression of CADM1-AS1 by pcDNA-CADM1-AS1.

Figure 7. Scratch wound healing assay of 786-O cells and ACHN cells. A. Scratch wound healing assay of 786-O 
cells after knockdown CADM1-AS1 by siRNA. B. Scratch wound healing assay of ACHN cells after overexpression of 
CADM1-AS1 by pcDNA-CADM1-AS1.
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Knockdown of CADM1-AS1 by siRNA in 786-O 
cells

Transfection of siRNA1 and siRNA2 were per-
formed to knock down of CADM1-AS1 in 786-O 
cells. Quantification analysis showed that 
CADM1-AS1 expression levels in siRNA1 and 
siRNA2 were significantly knocked down. The 
expression level was obviously decreased in 
siRNA2. In order to exclude “off target effect”, 
we measured CADM1-AS1 expression and the 
mRNA expression of CADM1 after transfection 
by sense strand and antisense strand of siRNA 

in 786-O cells. The results showed that CADM1-
AS1 expression and the mRNA expression of 
CADM1 were significantly knocked down after 
transfection by sense strand of siRNA in786-O 
cells (Figure 4). 

Overexpression of CADM1-AS1 by pcDNA-
CADM1-AS1 in ACHN cells

The results showed that CADM1-AS1 expres-
sion and the mRNA expression of CADM1 were 
increased after transfection by pcDNA-CADM1-
AS1 in compare with pcDNA-control at 24 h in 
ACHN cells (Figure 5).

Figure 8. Apoptosis detection by flow cytometry of 786-O cells and ACHN cells. A. Apoptosis detection of 786-O cells 
after knockdown CADM1-AS1 by siRNA. B. Apoptosis detection of ACHN cells after overexpression of CADM1-AS1 
by pcDNA-CADM1-AS1.
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Cell growth curve

By directly cell counting, the results showed 
that the group of siRNA evidently accelerated 
the growth compared with the group of NC 
SiRNA in 786-O cells. And the pcDNA-CADM1-
AS1 transfection remarkably decreased the 
growth compared with the pcDNA-control trans-
fection in ACHN cells (Figure 6).

Scratch wound healing assay

The migration of 786-O cells was increased 
after transfection of siRNA at 48 h. And the 
migration of ACHN cells was decreased after 
transfection of pcDNA-CADM1-AS1 at 48 h 
(Figure 7). Quantitative analysis of Image J2x 
indicated a significant increase of 786-O cells 
migration after siRNA transfection (P <0.05). 
And the results showed a significant decrease 
of ACHN cells migration after transfection of 
pcDNA-CADM1-AS1 (P <0.05). 

Apoptosis detection by flow cytometry

The results showed that the percentage of 
apoptotic cells in the group of NC SiRNA was 
higher than the group of siRNA. The percentage 
of apoptotic cells in the group of pcDNA-
CADM1-AS1 was higher than the group of pcD-
NA-control. (P <0.05, Figure 8).

Discussion

LncRNAs constitute the biggest class of non-
protein-coding RNAs (ncRNAs) [16]. LncRNAs 
are longer than 200 nucleotides and distin-
guished from the small ncRNAs [17]. LncRNAs 
may regulate protein-coding genes expression 
at both the post-transcriptional and transcrip-
tional level [18]. In post-transcriptional regula-
tion, lncRNAs act as competing endogenous 
RNAs to regulate microRNA and modulate 
mRNA stability. In transcriptional regulation, 
lncRNAs transcription leads to gene silencing 
or activation. A growing body of literature has 
suggested a major role of lncRNAs in regulating 
the development of cancer [19, 20]. In these 
cancer related lncRNAs, a common type is the 
antisense partner of a protein coding gene. 
Examples include ANRIL (CDKN2B-AS1) [21, 
22], CTBP1-AS [23], HNF1A-AS1 [24], and 
GAS6-AS1 [25].

Through bioinformatics analysis, we found a 
new lncRNA CADM1-AS1, which is located in 

the antisense direction of a coding exon of 
tumor suppressor gene CADM1 [11]. A large 
number of these lncRNA transcripts originate 
from transcription at the promoters or other 
nearby locations of protein-coding genes. 
These “lncRNA/mRNA gene pairs” interact with 
each other in expression and in their function 
[26]. This leads us to presume that CADM1-AS1 
may modulate CADM1 expression via the for-
mation of “CADM1-AS1/CADM1mRNA gene 
pair”. This hypothesis requires further testing. 

The ccRCC-related lncRNAs has rarely been 
reported yet. In this study, we investigated the 
expression pattern of the “CADM1-AS1/
CADM1mRNA gene pairs” in 64ccRCC speci-
mens. Through analysis we discovered that 
CADM1-AS1 expression and the mRNA expres-
sion of CADM1 were down-regulated in tumor 
tissues in 64 patients with ccRCC compared 
with adjacent non-tumor tissues. The analysis 
revealed that CADM1-AS1 expression was posi-
tively correlated with mRNA expression of 
CADM1 in ccRCC. This is the first time to report 
that CADM1-AS1 expression was down-regulat-
ed in tumor tissues than adjacent non-tumor 
tissues in ccRCC. 

Next, we explored the correlation between 
CADM1-AS1 expression level and clinicopatho-
logical characteristics in patients with ccRCC. 
We showed that decreased CADM1-AS1 expres-
sion was negatively correlated with AJCC stage. 
Kaplan-Meier survival analysis showed a sig-
nificant correlation between low CADM1 expres-
sion and poor clinical outcome in ccRCC 
patients after operation. 

It is more important that low CADM1-AS1 
expression was a significant independent pre-
dictor of poor survival of ccRCC, in addition to 
tumor diameter, differentiation and AJCC stage. 
These results suggested that lncRNA CADM1-
AS1 might be involved in the development and 
progression of ccRCC.

In an effort to investigate the relationship 
between the CADM1-AS1 and CADM1 in vitro, 
we designed siRNA to knock down the expres-
sion of CADM1-AS1 in 786-O cells. When the 
expression of CADM1-AS1 was significantly 
knocked down by siRNA, the expression of 
CADM1 was also suppressed, which suggests 
that CADM1-AS1 may modulate CADM1 expres-
sion. Then we investigated the biological func-
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tions of CADM1-AS1. Inhibition of CADM1-AS1 
increased the growth and migration. The per-
centage of apoptotic was remarkably changed 
concomitantly with the reduction in the expres-
sion of CADM1-AS1. Following overexpression 
of CADM1-AS1, the results were reversed in 
ACHN cells.

In conclusion, CADM1-AS1 is a tumor suppres-
sor gene and its expression is positively corre-
lated with the mRNA expression of CADM1 in 
ccRCC. CADM1-AS1 regulates CADM1 expres-
sion on proliferation, apoptosis and migration 
via the expression pattern of “CADM1-AS1/
CADM1 mRNA gene pairs” in vitro. For the first 
time, we reported that CADM1-AS1 was an 
independent prognostic factor in patients with 
ccRCC. Our findings suggested that CADM1-
AS1 may be useful in clinic as a potential diag-
nostic target and therapeutic target for ccRCC. 
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