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Abstract
Colorectal cancer (CRC) is the third leading cause of cancer-related death around the world. In this study, we investigated 
the roles of LncRNA RP11-462C24.1 in CRC. The expressions of RP11-462C24.1 in CRC tissues and cells were measured. 
Then, the effects of RP11-462C24.1 on CRC proliferation, cell cycle, apoptosis, and invasion were evaluated both in vivo 
and in vitro; Last, the underlying mechanisms of concerning the signaling pathway regulated by RP11-462C24.1 was deter-
mined. From the results, we found that RP11-462C24.1 was significantly decreased in CRC tumor tissues and the CRC cell 
lines, which were most significant in SW480 and HT-29 cell lines; moreover, transient overexpression of RP11-462C24.1 
suppressed the growth and migration while promoted apoptosis of SW480 and HT-29 cells, while knockdown of RP11-
462C24.1 has shown the opposite effects; RP11-462C24.1 may also inhibit the growth of CRC tumors in xenograft mice 
models; additionally, 70 kD heat shock proteins (HSP70) has been identified as one of the most significantly deferentially 
expressed genes by RNA-seq, and we further confirmed that RP11-462C24.1 may affect the growth and metathesis of CRC 
cells via regulating HSP70 and PI3K/AKT signaling pathway. In summary, these results indicated that RP11-462C24 may 
function as a tumor suppressor in the development of CRC.
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Introduction

Colorectal cancer (CRC) is the most common gastroin-
testinal cancer (incidence number > 900,000/year), and it 
is the NO.1 cause of cancer-induced motility worldwide 
[1–3]. According to the results of previous reports, CRC 
may derive from a series of abnormal genetic and molecular 
alterations in colon epithelial cells, leading to the uncon-
trolled growth of the cancer cells [4, 5]. Currently, surgery, 
chemotherapy, and radiotherapy were the most commonly 
used methods for the treatment of CRC; however, none of 
the current anti-CRC methods have achieved the desired 

therapeutic efficacy, and the long-term prognosis of the CRC 
patients is still poor [6, 7]. Therefore, identifying novel diag-
nostic biomarkers and novel therapeutic targets for the early 
diagnosis and treatment of CRC is in high demand.

Long non-coding RNAs (LncRNAs) belongs to the non-
coding RNA family. The length of LncRNAs are longer than 
200 nucleotides, and some of the LncRNAs can reach to 
kilobases in length [8, 9]. Results of previous studies sug-
gested that LncRNAs may participate in multiple biological 
activities, including the cell growth, migration and apopto-
sis, angiogenesis, embryo development and tumorigenesis 
via affecting the gene expression of their targets on post-
transcriptional level [10–12]. Increasing evidence indicated 
that LncRNAs were aberrantly expressed in different types 
of cancers and may serve as diagnostic or prognostic mark-
ers, as well as potential therapeutic targets[13, 14]. In recent 
microarray analysis, Shi et al. have compared the LncRNA 
expression profile in CRC cancerous tissue samples and 
found that the expression of LncRNA RP11-462C24.1, a 
novel unnamed LncRNA, was significantly down-regulated 
in CRC tissues compared with the healthy tissues. Increased 
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expression of RP11-462C24.1 in CRC tissues may indicate 
a better prognosis [15]. Nevertheless, the functions and 
mechanism of RP11-462C24.1 in the pathogenesis of CRC 
still requires further investigation.

In the present study, in vitro, in vivo and RNA-sequenc-
ing analysis have been performed to investigate the roles 
of RP11-462C24.1 in CRC. First, we compared the levels 
of RP11-462C24.1 in cancerous tissues and normal tissue 
samples obtained from the CRC patients, and the association 
between RP11-462C24.1 expression and the clinical features 
of the CRC patients have also been studied. Furthermore, 
the effects of RP11-462C24.1 on the growth and metathesis 
of CRC cells were also examined. Finally, the underlying 
mechanism of RP11-462C24.1 inducted anti-tumor effects 
were also investigated.

Materials and methods

Patients

We included 60 CRC patients hospitalized at Affiliated 
Fengxian Hospital, The Third School of Clinical Medicine, 
Southern Medical University between January 2016 and 
February 2017 in the present study. All participators were 
diagnosed as CRC pathologically, and patients with the his-
tory of radio and/or chemotherapies were excluded from this 
study. After surgery, the paired CRC tumor samples and the 
paired adjacent tissue samples were collected and immedi-
ately stored in liquid nitrogen. We have received the signed 
informed consent from all the participators of this study, 
and also obtained the ethical documents issued by the ethi-
cal committee of Affiliated Fengxian Hospital, The Third 
School of Clinical Medicine, Southern Medical University.

Cell culture

Human CRC cell lines LoVo, SW1116, HCT 116, SW480 
and HT-29 were used in this study for the cell analysis. The 
CRC cells were obtained from Shanghai Institutes for Bio-
logical Sciences (Shanghai, China). The colonic mucosa 
cells NCM460 (INCELL, San Antonio, TX, USA) were 
used as the control group. RPMI-1640 medium (Invitrogen, 
Waltham, MA, USA) supplied with 10% of fetal bovine 
serum (FBS, Invitrogen) was used for cell culture, and cells 
were maintained at 37 ˚C and 5%  CO2 in an incubator.

Transfection

siRNA and overexpression plasmid of RP11-462C24.1 
(GenePharma Co.,Ltd, Shanghai, China) were synthesized 
and the CRC cells were transfected by RP11-462C24.1 
siRNA, RP11-462C24.1 siRNA negative control (NC), 

RP11-462C24.1 overexpression plasmid or empty plasmid 
vector (control) by using lipofectamine 3000 (Invitrogen) 
following the manufacturer’s protocols. Quantitative real-
time PCR (RT-qPCR) was performed to determine trans-
fection efficiency. To confirm the relationship between 
RP11-462C24.1 and HSP70, SW480 or HT-29 cells were 
co-transfected with RP11-462C24.1 over-expression and 
HSP70 shRNA (GenePharma Co.,Ltd) by using lipo-
fectamine 3000. The sequences were as follows: RP11-
462C24.1 siRNA forward, TAA TTT GTT TCT AGA TGT 
GTG, and reverse, CAC ATC TAG AAA CAA ATT AAT; 
HSP70 shRNA forward, TGC TGA CAC CAG GCT GGT 
TGT CAG AAGT TTT GGC CAC TGA CTG ACT TCT GAC 
ACA GCC TGG TGT , and reverse, CCT GAC ACC AGG CTG 
TGT CAG AAG TCA GTC AGT GGC CAA AAC TTC TGA 
CAA CCA GCC TGG TGTC; siRNA NC forward, UUC UCC 
GAA CGU GUC ACG UTT, and reverse, ACG UGA CAC 
GUU CGG AGA ATT.

Reverse transcript and RT‑PCR

The total RNAs in the cultured cells or tissue samples 
were isolated using TRIzol reagent (Invitrogen). cDNAs 
were then synthesized by PrimeScript RT Master Mix kit 
(Takara, Dalian, China). Next, RT-PCR has been con-
ducted to detect the RP11-462C24.1 expression in differ-
ent samples by SYBR premix Ex Taq kit (Takara). ABI 
7500 Biosystems (Applied Biosystems Life Technologies, 
Foster City, USA) was used for the PCR reaction. The 
relative expression level of RP11-462C24.1 was normal-
ized to GAPDH by  2−ΔΔCt method, and GAPDH has been 
applied for normalization. The thermo profiles were used: 
95 ºC 30 s and 40 cycles of 95 ºC 5 s + 60 ºC 30 s. The 
primers were synthesized by Sangon Biotech (Shanghai) 
Co., Ltd (Shanghai, China), and sequences were: RP11-
462C24.1, F: 5′-GAA CTT CCT CCC ACT TAT CCC TTA 
G-3′, R: 5′-GAT GAT TTT TGC TGT TCT AAG TGA TGTAT-
3′; GAPDH, F: CAA CTC CCT CAA GAT TGT CAG CAA , R: 
GGC ATG GAC TGT GGT CAT GA.

Cell proliferation analysis

The proliferation of the cells of different treatments was 
detected using the cell counting kit-8 (CCK-8) kit (pur-
chased from Beyotime, Shanghai, China). Briefly, SW480 or 
HT-29 cells were collected washed by PBS (pH 7.4), trypsi-
nized and seeded onto 96-well plates. At 12, 24 or 48 h, cells 
were treated by CCK-8 solution (10 μl/well) and incubated 
at 37 ºC. Cell proliferation was determined by the OD value 
that was detected at 450 nm by a microplate reader (Thermo 
Fisher Scientific, Inc).
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Cell apoptosis analysis

CRC cells of different treatments were collected at 48 h 
after transfection and stained by Annexin-V-fluorescein 
isothiocyanate (FITC, 5 μl) and propidium iodide (PI, 
2.5 μl). FACSCalibur (BD Biosciences, San Jose, CA) 
flow cytometer was used to examine the cell apoptosis 
and cell cycles.

Cell invasion analysis

The invasion ability of the cells was determined by Tran-
swell assay. The upper of the transwell chambers (Corning 
Inc., Corning, USA) covered with thick layer of Matrigel 
(Solarbio, Beijing, China) were seeded with CRC cells 
(5 × 104 cells/well) and incubated at 37 °C on 24-well cell 
cure plates. On day 2, the lower chambers were treated by 
methanol, and the CRC cells invaded into the lower cham-
ber were then stained with crystal violet and imaged by a 
microscope.

RNA‑seq analysis

Total RNAs were isolated by TRIzol (Invitrogen). The qual-
ity of the RNAs was evaluated by Nanodrop 2000 (Thermo 
Fisher Scientific, Inc). The samples were sent to Vazyme 
Biotech (Nanjing, China) for RNA-sequencing.

Western blot assay

Expressions of protein in the CRC cells with different treat-
ments were evaluated by western blot assay. Briefly, cells 
were lysed by lysis buffer (Thermo Fisher Scientific, Inc) 
containing 1% protease inhibitor cocktail to isolate the pro-
teins, and then protein concentration in each sample was 
measured by BCA kit (purchased from Beyotime). Next, 
appropriate amount of proteins (30 μg/μl) were separated 
by 10% SDS–PAGE gels, and when gel electrophoresis 
was accomplished, the protein on the gels were transferred 
onto PVDF membranes. Then the PVDF membranes were 
blocked by 5% non-fat milk solution containing 0.05% 
Tween 20 and incubated with the primary antibodies (anti-
Hspa1a, anti-Hspa1b, anti-p-PI3K, anti-PI3K, anti-p-Akt, 
anti-Akt, anti-Caspase-3, anti-Bcl-2 and anti-Bax) at 4 °C 
overnight. GAPDH was served as the control. The following 
day, the protein bands were incubated by secondary anti-
bodies (Beyotime) and chemiluminescent reagent BeyoECL 
Plus (Beyotime). Finally, the bands were photographed by 
Tanon 6100 Chemiluminescent Imaging System (Tanon, 
Shanghai, China).

Xenograft tumor model

SW480 cells were transfected with RP11-462C24.1 over-
expression plasmid and SW480 cells treated with plasmid 
vector (empty vector) were served as the control group. 
Then, 3 × 106 transfected cells were injected into nude mice 
(6 week-old C57BL/6, purchased from Shanghai Institutes 
for Biological Sciences) subcutaneously. The formation of 
the tumors was examined weekly. At week 5 post-implan-
tation, mice were sacrificed and the tumor volume and the 
tumor weight were measured. The animal study has been 
performed with the NIH Guide for the Care and Use of 
Laboratory Animals and approved by the Ethics Commit-
tee of Affiliated Fengxian Hospital, The Third School of 
Clinical Medicine, Southern Medical University (Grant No. 
2017051287).

Statistics

The data were presented as mean ± standard deviation (SD), 
and the statistical analyses were performed using IBM SPSS 
Statistic v17.0 (IBM Co., Armonk, NY, USA). Comparison 
of the means between two groups was analyzed by student 
t-test and analysis of variance (ANOVA) was used to the 
comparison of the differences among multiple groups. Chi-
square test was used to determine the association between 
the RP11-462C24.1 expression and clinical features. 
P < 0.05 was set as statistically significant.

Results

Down‑regulation of RP11‑462C24.1 in CRC tumor 
samples and CRC cell lines

First, the levels of RP11-462C24.1 in CRC cancerous sam-
ples and the adjacent non-tumorous samples were compared 
using RT-qPCR methods. We found that LncRNA RP11-
462C24.1 was significantly decreased in CRC tumors com-
pared with the adjacent non-tumorous samples (Fig. 1a,  
p< 0.001); moreover, decreased the expression level of 
LncRNA RP11-462C24.1 was associated with the advanced 
TNM (tumor node metastasis) stage (Table 1, p < 0.05) and 
metathesis (Table 1, p < 0.01). Next, the expression levels 
of RP11-462C24.1 between 5 different colorectal cancer 
cell lines (LoVo, SW1116, HCT116, HT-29 and SW480) 
as well as healthy colonic mucosa cells (NCM460 cell) 
were also compared by RT-qPCR. We observed that the 
levels of RP11-462C24.1 were decreased in all colorectal 
cancer cell lines in comparison with the NCM460 cells. 
Among the 5 cell lines, the expression levels of LncRNA 
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RP11-462C24.1 in SW480 and HT-29 cells were the lowest 
(Fig. 1B,  p< 0.01). Based on these results, these two cell 
lines were used for the following in vitro and animal studies.

LncRNA RP11‑462C24.1 inhibits the proliferation 
while promotes apoptosis of SW480 and HT‑29 cells 
in vitro

To further investigate whether RP11-462C24.1 could 
affect the oncogenic behavior of CRC cells in vitro, the 
CRC cells were then transfected with RP11-462C24.1 
overexpression plasmid or siRNA, and the transfec-
tion efficiency was shown in Fig. 1c, d. It was observed 
that RP11-462C24.1 siRNA significantly decreased and 
RP11-462C24.1 overexpression plasmid increased the 
levels of RP11-462C24.1 both in SW480 and HT-29 
cells (p < 0.01), suggesting that transfection has been 

successfully performed. Next, CCK-8 cell proliferation 
assay, cell cycle assay and flow cytometry apoptosis analy-
sis have been conducted. We found that transient overex-
pression of RP11-462C24.1 dramatically suppressed the 
proliferation ability of SW480 and HT-29 cells (Fig. 2a, 
b), while knockdown of RP11-462C24.1 promoted the 
proliferation of the CRC cells at 24 h and 48 h (Fig. 2c, d) 
after transfection; moreover, the overexpression of RP11-
462C24.1 led to the arrest of the cell cycle at G1 stage 
for the CRC cells (Figs. 3a and 4a) while RP11-462C24.1 
siRNA has shown the opposite effects (Figs. 3b and 4b). 
On the other hand, the transfection of RP11-462C24.1 
overexpression plasmid significantly increased the apop-
tosis of CRC cells (Figs. 5a and 6a) while RP11-462C24.1 
siRNA markedly decreased the apoptosis of the cells 
in vitro (Figs. 5b and 6b).

Fig. 1  Down-regulation of LncRNA RP11-462C24.1 in CRC tumor 
samples and cell lines. a RP11-462C24.1 was significantly reduced 
in cancerous tissues samples compared with the adjacent tissues 
obtained from CRC patients (N = 60); b The expression of RP11-
462C24.1 were significantly reduced in colorectal cancer cell lines 
compared with NCM460 normal colonic mucosa cells (N = 5). c 
Loss of RP11-462C24.1 decreases the expression of RP11-462C24.1 

in SW480 and HT-29 colorectal cancer cell lines (N = 5). d Gain 
of RP11-462C24.1 increases the expression of RP11-462C24.1 in 
SW480 and HT-29 colorectal cancer cell lines (N = 5). ***p < 0.001, 
tumor tissues vs adjacent tissue; *p < 0.05, LoVo, SW1116 or 
HCT116 vs NCM 460; **p < 0.01, HT-29 or SW480 vs NCM460; 
**p < 0.01, siRNA vs NC; overexpression vs control
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The effect of RP11‑462C24.1 on the invasion 
of SW480 and HT‑29 CRC cells in vitro

Next, we determined whether RP11-462C24.1 could affect 
the invasion ability of CRC cells in vitro by Transwell 
assay. We found overexpression of RP11-462C24.1 mark-
edly decreased the invasion ability of CRC cells in vitro 
(Fig. 7a, b), and RP11-462C24.1 siRNA increased the inva-
sion (Fig. 7c, d) of the cells in vitro.

Effects of RP11‑462C24.1 on the tumorigenesis 
of SW480 cells in vivo

Furthermore, the in  vivo tumorigenic effects of RP11-
462C24.1 were also investigated by nude mice xenograft 
tumor models. As shown in Fig. 8b, c, the average volume 
of the tumors was significantly smaller in RP11-462C24.1 
overexpression group compared with the control mice; 
moreover, we also found the average tumor weight meas-
ured after the mice were sacrificed significantly lower in 
RP11-462C24.1 overexpression group in comparison with 
the control mice (Fig. 8c, d, p < 0.01).

Genome‑wide RNA sequencing for the analysis 
of the deferentially expressed genes for SW480 cells 
transfected by RP11‑462C24.1 siRNA

Furthermore, we performed sequencing for the analy-
sis of changes in the expression of genes in SW480 cells 
treated with RP11-462C24.1 siRNA or without treatment. 
As shown in Fig. 9, we found that the expression of 1254 

genes significantly altered in RP11-462C24.1 siRNA treated 
SW480 cells compared with the control. Among them, 684 
genes were upregulated and 570 genes were downregulated 
(Fig. 9). Furthermore, the gene ontology (GO) and path-
way analysis were performed to determine the influence of 
RP11-462C24.1 siRNA on the genome-wide expression of 
the genes, and results were shown in Figs. 10 and Fig. 11. 
According to Fig. 10, the main biological process, cellu-
lar component and molecular function were primary meta-
bolic process, binding and intracellular, respectively. From 
Fig. 11, it demonstrated 20 top enriched pathways.

RP11‑462C24.1 may affect the proliferation 
and migration of CRC cells via regulating HSP70 
and PI3K/AKT in vitro

Based on the sequencing results, the transient knock-
down of RP11-462C24.1 siRNA significantly increased 
the expressions of two paralogs of 70 kilodalton heat 
shock protein (HSP70), Hspa1a and Hspa1b (21.21 fold 
and 12.89 fold, respectively). Therefore, to explore the 
association between RP11-462C24.1 and HSP70 in CRC, 
SW480 and HT-29 cells of different treatments were col-
lected, and the expressions of Hspa1a and Hspa1b were 
determined by western blot. As shown in Fig. 12, RP11-
462C24.1 overexpression plasmid significantly sup-
pressed in the expression levels of Hspa1a and Hspa1b in 
CRC cells and transient knockdown of RP11-462C24.1 
using siRNA has shown the opposite effects. Moreover, 
the overexpression of RP11-462C24.1 also suppressed the 
activation of PI3K/AKT signaling pathway in SW480 or 

Table 1  The clinical 
characteristics of the patients

*P < 0.05, **P < 0.01

Clinical 
character-
istics

Case number RP11-462C24.1 High expres-
sion (Fold change ≥ 0.537, 
n = 21)

RP11-462C24.1 Low expres-
sion (Fold change < 0.537, 
n = 39)

P value

Age (Years) 0.141
  ≥ 60 33 13 20

  < 60 27 8 19
Gender
 Male 31 11 20 0.525
 Female 29 10 19

Tumor size (cm)
  ≥ 5 37 13 24 0.124
  < 5 23 8 15
TNM stage
 I, II 21 10 11 0.031*
 III, IV 39 11 28

Metastasis
 Yes 23 12 11 0.003**
 No 37 9 28
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HT-29 cells by decreasing the expression levels of p-PI3K 
and p-AKT, as well as the downstream protein Bcl 2 (anti-
apoptotic factor), and promoting the expression of Bax 
and Caspase 3 (pro-apoptotic factors, Fig. 12a, b). Mean-
while, the transient knockdown of RP11-462C24.1 active 
the PI3K/AKT signaling in CRC cells in vitro (Fig. 12c, 
d).

HSP70 shRNA may partially abrogate 
RP11‑462C24.1 overexpression plasmid induced 
anti‑tumor effects on CRC cells

Finally, the association between RP11-462C24.1, HSP70, and 
PI3K/AKT signaling in the pathogenesis of CRC were further 
explored. SW480 and HT-29 cells were co-transfected with 

Fig. 2  Gain of RP11-462C24.1 inhibits while loss of RP11-462C24.1 
promotes SW480 and HT-29 colorectal cancer cell proliferation. a, b 
Gain of RP11-462C24.1 inhibits SW480 and HT-29 colorectal cancer 
cell proliferation determined by CCK-8 proliferation assay (N = 5). 

c, d Loss of RP11-462C24.1 promotes SW480 and HT-29 colorec-
tal cancer cell proliferation determined by CCK-8 proliferation assay 
(N = 5). *p < 0.05, **p < 0.01, overexpression vs control; siRNA vs 
NC
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Fig. 3  Gain of RP11-462C24.1 
promotes while loss of RP11-
462C24.1 inhibits SW480 
colorectal cancer cell cycle. a, 
b Gain of RP11-462C24.1 pro-
motes SW480 colorectal cancer 
cell cycle determined by flow 
cytometry methods (N = 5). c, d 
Loss of RP11-462C24.1 inhibits 
SW480 colorectal cancer cell 
cycle determined by flow 
cytometry methods (N = 5). G1, 
S and G2 states were presented 
in Fig. 3. *p < 0.05, overexpres-
sion vs control, siRNA vs NC
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Fig. 4  Gain of RP11-462C24.1 
promotes while loss of RP11-
462C24.1 inhibits HT-29 
colorectal cancer cell cycle. 
a, b Gain of RP11-462C24.1 
promotes HT-29 colorectal 
cancer cell cycle determined by 
flow cytometry methods (N = 5). 
c, d Loss of RP11-462C24.1 
inhibits HT-29 colorectal cancer 
cell cycle determined by flow 
cytometry methods (N = 5). 
*p < 0.05, overexpression vs 
control, siRNA vs NC
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Fig. 5  Gain of RP11-462C24.1 
promotes while loss of RP11-
462C24.1 inhibits SW480 
colorectal cancer cell apoptosis. 
a, b Gain of RP11-462C24.1 
promotes SW480 colorectal 
cancer cell apoptosis deter-
mined by flow cytometry 
apoptosis analysis (N = 5). c, d 
Loss of RP11-462C24.1 inhibits 
SW480 colorectal cancer cell 
apoptosis determined by flow 
cytometry apoptosis analysis 
(N = 5). **p < 0.01, overexpres-
sion vs control, siRNA vs NC
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Fig. 6  Gain of RP11-462C24.1 
promotes while loss of RP11-
462C24.1 inhibits HT-29 
colorectal cancer cell apoptosis. 
a, b Gain of RP11-462C24.1 
promotes HT-29 colorectal can-
cer cell apoptosis determined 
by flow cytometry apoptosis 
analysis (N = 5). c, d Loss of 
RP11-462C24.1 inhibits HT-29 
colorectal cancer cell apoptosis 
determined by flow cytometry 
apoptosis analysis (N = 5). 
**p < 0.01, overexpression vs 
control, siRNA vs NC
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RP11-462C24.1 overexpression plasmid and HSP70 shRNA, 
and the growth, as well as invasion of CRC cells with dif-
ferent treatment, were examined. As shown in Figs. 13 and 
14, HSP70 shRNA partially abrogated RP11-462C24.1 over-
expression plasmid induced anti-tumor effects by promoting 
cell growth and invasion and suppressing the cell apoptosis of 
both SW480 and HT-29 in vitro(p < 0.05).

Discussion

In this study, we found that the expression of LncRNA 
RP11-462C24.1 was down-regulated in colorectal cancer 
tumor samples and cell lines, which was consistent with 
previous observations, and more importantly, we reported 

Fig. 7  Gain of RP11-462C24.1 inhibits while loss of RP11-462C24.1 
promotes the ability of invasion in SW480 and HT-29 colorec-
tal cancer cell lines. a, b Gain of RP11-462C24.1 inhibits SW480 
and HT-29 colorectal cancer cell invasion determined by Transwell 

analysis (N = 5). c, d Loss of RP11-462C24.1 promotes SW480 and 
HT-29 colorectal cancer cell INVASION determined by Transwell 
analysis (N = 5). **p < 0.01, overexpression vs control, siRNA vs NC; 
***p < 0.001, overexpression vs control, siRNA vs NC
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for the first time that RP11-462C24.1 may function as a 
tumor suppressor in CRC via affecting HSP70 and PI3K/
AKT signaling pathway.

Dysregulation of LncRNAs in different types of can-
cers has been observed in many previous studies [16, 17]. 
In CRC, the regulatory roles of LncRNAs, either as tumor 
suppressors or oncogenes, have also been reported [18–20]. 
RP11-462C24.1 is a recently identified LncRNA by Shi et al. 
in 2014. RP11-462C24.1 locates in chr4q25, and it consists 
of four exons. The length of RP11-462C24.1 is 1,136 bp. 
The patterns of the expressions of RP11-462C24.1 in the 
tissue samples and the serum of patients are not uniform. 
Shi et  al. reported that RP11-462C24.1 was markedly 
decreased in the CRC tumor samples, and the expression 
levels of RP11-462C24.1 may be negatively associated with 

the tumor metastasis and positively correlated with the prog-
nosis of the CRC patients [15]. On the other hand, Wang 
et al. suggested that the circulating RP11-462C24.1 was 
overexpressed in the serum samples of CRC patients and the 
combination of three LncRNAs, LOC285194, Nbla12061, 
and RP11-462C24.1 and may serve as diagnostic biomark-
ers [21]. In the present work, results of RT-PCR analysis 
showed that RP11-462C24.1 was decreased in CRC cancer-
ous tissues in comparison the adjacent tissues. Our finding 
was consistent with the results of Shi et al. Moreover, we 
also discovered the expression of RP11-462C24.1 in CRC 
tumor was negatively correlated with the TNM stage and 
tumor metathesis of the patients; furthermore, LncRNA 
RP11-462C24.1 was also decreased in different CRC cell 
lines, particularly the SW480 cells and HT-29 cells. Taken 

Fig. 8  The in  vivo effects of RP11-462C24.1 on the tumorigenic 
ability of SW480 cells. a The expression of RP11-462C24.1 was 
significantly increased after transfection with RP11-462C24.1 over-
expression plasmid (N = 5). b The average volume of the tumors was 
significantly increased in RP11-462C24.1 over-expression group dur-

ing the 5 weeks of tumor formation (N = 5). c Photos of the dissected 
tumors obtained from the nude mice (N = 5). d The average weight 
of the tumors in RP11-462C24.1 over-expression group was signifi-
cantly decreased after the mice were sacrificed (N = 5). **p < 0.01, 
***p < 0.001, overexpression vs control



144 H. Zhang et al.

1 3

together, results of the present study indicated that LncRNA 
RP11-462C24.1 was abnormally decreased in CRC and may 
function as a tumor suppressor.

Tumor cells were characterized by uncontrolled cell 
growth, increased invasion ability and resistance to apop-
tosis [22–24]. Our data indicated that the transient overex-
pression of RP11-462C24.1 suppressed the proliferation and 
invasion and on the other hand, increased the apoptosis of 
CRC cells, while transfection of RP11-462C24.1 siRNA has 
shown the opposite effects. Moreover, the tumor-suppressive 
effects of RP11-462C24.1 in CRC were also confirmed by 
nude mice xenograft models in vivo. Taken together, these 
results indicated that RP11-462C24.1 could regulate the 
growth and invasion of the colorectal cancer cells in vitro 
and also in vivo.

Since reports on the roles of RP11-462C24.1 in cancers 
were limited, we performed genome-wide RNA sequenc-
ing to further explore the possible underlying mechanism of 
how RP11-462C24.1 could regulate the growth and invasion 

of the colorectal cancer cells. Results of sequencing results 
suggested that compared with un-treated SW480 cells, the 
expression 684 genes were significantly increased while 570 
genes were decreased in RP11-462C24.1 siRNA transfected 
cells. Furthermore, a gene ontology (GO) analysis was per-
formed and revealed that RP11-462C24.1 may participate in 
the metabolic process, cellular response to chemical stimu-
lus, positive regulation of cellular process, proliferation, and 
biological process SW480 cells. Finally, the mRNAs def-
erentially expressed in cells treated with or without RP11-
462C24.1 siRNA were further subjected to pathway analy-
ses. Twenty pathways were significantly enriched (p < 0.05), 
including p53 signaling pathway, cell cycle pathways and 
MAPK pathways, all of which have been proved to function 
as important signaling pathways in the development of CRC.

The 70 kilodalton heat shock proteins (HSP70) is a 
member of the heat shock proteins. Results of previ-
ous studies indicated that HSP70 was significantly up-
regulated in different types of cancers, including oral 

Fig. 9  Differently expressed 
genes in SW480 cells and 
RP11-462C24.1 si-RNA 
-treated SW480 cells. C, 
un-treated SW480 cells; S, 
RP11-462C24.1 si-RNA-treated 
SW480 cells
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squamous cell carcinoma[25], esophageal cancer [26], 
gastric cancer [27], lung cancer [28] and CRC [29]. Our 
sequencing results indicated that RP11-462C24.1 siRNA 
significantly increased the expression of two paralogs 
of HSP70, Hspa1a, and Hspa1b; however, the relation-
ship between RP11-462C24.1 and HSP70 in CRC has not 
been discussed. We report for the first time in the present 
work that RP11-462C24.1 over-expression significantly 
decreased the expression of HSP70 in CRC cells, and 
knockdown of RP11-462C24.1 have shown the oppo-
site effects, suggesting that RP11-462C24.1 can exert 

anti-tumor function, at least partially, through affecting 
the expression of HSP70 family. Moreover, PI3K/Akt 
signaling is known as one of the most important signal-
ing pathways that involved in the development of different 
types of cancers [30–32], and the relationship between 
PI3K/AKT and HSP70 signaling has been discussed pre-
viously [33, 34]; however, whether RP11-462C24.1 can 
regulate the expression of HSP70 through PI3K/AKT 
signaling pathway is still unclear. We found that transient 
over-expression of RP11-462C24.1 significantly sup-
pressed the activation of the PI3K/AKT signaling, while 

Fig. 10  Results of GO analysis of RP11-462C24.1. Go analysis reveals the main biological process, cellular components and molecular func-
tions of RP11-462C24.1
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the RP11-462C24.1 siRNA led to the increased expres-
sion of phosphorylated of PI3K and AKT. Interestingly, 
we also found that the transfection of HSP70 shRNA 
can partially abrogate RP11-462C24.1 over-expression 
plasmid induced anti-tumor effects on colorectal cancer 
cells. Taken together, our results suggested that RP11-
462C24.1 may regulate the growth and metathesis of CRC 
cells through affecting HSP70 expression via regulating 
PI3K/AKT signaling pathway.

However, there were still some limitations in our study. 
First, the CRC samples selected in our study are too 
few, larger samples need to be recruited for clinical data 

comparison in the future. Then, whether RP11-462C24.1 
regulates cell migration should be further verified by wound 
healing or Boyden chamber assays. Last, the effect of HSP70 
depletion by itself (without overexpressing RP11-462C24.1) 
should be thoroughly illustrated in the future.

To sum up, we reported that LncRNA RP11-462C24.1 
may function as a tumor suppressor in CRC through regu-
lating the expression of HSP70 via PI3K/AKT signaling 
pathway. Our study has provided novel evidence for the 
potential use of LncRNA RP11-462C24.1 as a diagnostic 
biomarker or the therapeutic target for the early diagnosis 
and management of the disease.

Fig. 11  Results of pathway analysis. Top 20 statistical of pathways enrichment for un-treated SW480 cells and RP11-462C24.1 si-RNA-treated 
SW480 cells. C, un-treated SW480 cells; S, RP11-462C24.1 si-RNA -treated SW480 cells
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Fig. 12  Gain of RP11-462C24.1 suppresses while loss of RP11-
462C24.1 promotes HSP70/PIAK/AKT signaling pathway in CRC 
in  vitro. a, b Gain of RP11-462C24.1 decreases Hspa1a, Hspa1b, 
p-PI3K, p-AKT and Bax while increases Bax and Caspase 3 expres-

sions in SW480 and HT-29 colorectal cancer cell lines (N = 5). c, d 
Loss of RP11-462C24.1 increases Hspa1a, Hspa1b, p-PI3K, p-AKT 
and Bax while decreases Bax and Caspase 3 expressions in SW480 
and HT-29 colorectal cancer cell lines (N = 5)
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Fig. 13  HSP70 shRNA may 
partially abrogate RP11-
462C24.1 over-expression 
plasmid induced anti-tumor 
effects on SW480 cells. a 
HSP70 shRNA may partially 
counteracted the suppressive 
proliferation induced by RP11-
462C24.1 over-expression 
in SW480 colorectal cancer 
cells (N = 5). b HSP70 shRNA 
may partially counteracted the 
promotive apoptosis induced by 
RP11-462C24.1 over-expression 
in SW480 colorectal cancer 
cells (N = 5). c HSP70 shRNA 
may partially counteracted the 
suppressive invasion induced 
by RP11-462C24.1 over-
expression in SW480 colorectal 
cancer cells (N = 5). *p < 0.05, 
overexpression vs control, 
overexpression + HSP70 shRNA 
vs overexpression; **p < 0.01, 
overexpression vs control
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Fig. 14  HSP70 shRNA may 
partially abrogate RP11-
462C24.1 over-expression 
plasmid induced anti-tumor 
effects on HT-29 cells. a HSP70 
shRNA may partially counter-
acted the suppressive prolifera-
tion induced by RP11-462C24.1 
over-expression in HT-29 colo-
rectal cancer cells. b HSP70 
shRNA may partially counter-
acted the promotive apoptosis 
induced by RP11-462C24.1 
over-expression in HT-29 
colorectal cancer cells. c HSP70 
shRNA may partially counter-
acted the suppressive invasion 
induced by RP11-462C24.1 
over-expression in HT-29 colo-
rectal cancer cells. *p < 0.05, 
overexpression vs control, 
overexpression + HSP70 shRNA 
vs overexpression; **p < 0.01, 
overexpression vs control
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