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Abstract. Colon cancer (CC) is one of the leading causes 
of cancer‑related mortality in China and western countries. 
Several studies have demonstrated that long non‑coding 
RNAs (lncRNAs) play critical roles in cancer development. 
However, the function of lncRNA RP11‑619L19.2 in colon 
cancer remains unclear. The aim of the present study was to 
investigate the expression pattern, function and underlying 
mechanism of action of RP11‑619L19.2 in CC development and 
metastasis. RP11‑619L19.2 was found to be highly expressed in 
CC tissues and cell lines, and it was associated with advanced 
TNM stage and lymph node metastasis. Furthermore, knock-
down of RP11‑619L19.2 inhibited CC cell proliferation, 
migration, invasion and epithelial‑to‑mesenchymal transi-
tion (EMT). It was also observed that RP11‑619L19.2 was 
reciprocally repressed by miR‑1271‑5p. Of note, miR‑1271‑5p 
negatively regulated CD164 expression by directly targeting 
the 3'‑untranslated region of CD164. Overexpression of 
CD164 reversed the antimetastatic activity of RP11‑619L19.2 
knockdown in CC cells. Mechanistically, it was demonstrated 
that lncRNA RP11‑619L19.2 played an oncogenic role and 
promoted CC development and metastasis by regulating the 
miR‑1271‑5p/CD164 axis and EMT. In conclusion, the findings 
of the present study indicated that RP11‑619L19.2 regulates 
CD164 expression and EMT by sponging miR‑1271‑5p, which 
may provide novel targets for lncRNA‑directed diagnosis and 
therapy for patients with CC.

Introduction

Over 1 million individuals are diagnosed with colon cancer 
(CC) annually worldwide, resulting in a high rate of morbidity 
and mortality throughout China and certain western coun-
tries (1,2). Despite major advances in diagnostic and therapeutic 

strategies in recent decades, the prognosis of patients with 
CC remains poor, which is mainly due to the development of 
distant metastasis leading to low survival rates (3,4). Moreover, 
the mechanisms underlying CC tumorigenesis and metastasis 
remain elusive. Thus, it is crucial to elucidate the molecular 
mechanism of CC development and progression in order to 
develop novel effective therapeutic strategies for patients 
with CC.

Long non‑coding RNAs (lncRNAs) and microRNAs 
(miRNAs) are two common types of non‑coding RNAs with 
different lengths of nucleotide chains, which play key regula-
tory roles in human diseases, including cancer (5,6). Mounting 
evidence has demonstrated that lncRNAs are involved in cancer 
development, progression and metastasis, and may act as tumor 
suppressor genes or oncogenes (7,8). miRNAs may suppress 
or promote tumorigenesis through specifically binding to the 
3'‑untranslated region (3‑UTR) of the target mRNA, leading 
to mRNA degradation (9). Corroborating evidence revealed 
that lncRNAs and microRNAs may serve as predictive or 
therapeutic biomarkers in human cancers (10,11). Interestingly, 
various lncRNAs share the same targeting sequences with 
certain miRNAs, while functioning as competing endogenous 
RNAs (ceRNAs) or miRNA sponges (12‑14). Thus, it is crucial 
to clearly determine the lncRNA‑miRNA interaction and 
their regulatory network in cancer. Multiple ceRNA networks 
have been investigated in CC (15‑17). For example, lncRNA 
ZNFX1‑AS1 was demonstrated to promote colorectal cancer 
progression and metastasis via interacting with miR‑144 to 
regulate EZH2 expression (18). Yu et al reported that lncRNA 
CCAT2 regulated miR‑145 in CC cells  (19). However, the 
complicated lncRNA‑miRNA‑mRNA regulatory network in 
CC requires additional extensive investigation.

In the present study, the altered expression of lncRNAs in 
CC tissues was screened in comparison with that in normal 
tissues in order to identify potential lncRNA/miRNA predic-
tive biomarkers in CC. While multiple lncRNAs functioned as 
potential tumor suppressors or promoters in CC, this investiga-
tion was focused on the function of lncRNA RP11‑619L19.2, 
which is highly expressed in CC tissues and cell lines. The 
effects of RP11‑619L19.2 knockdown on CC cell prolif-
eration, migration, invasion and epithelial‑to‑mesenchymal 
transition (EMT) were investigated, and the association 
between lncRNA PR11‑619L19.2 and miRNA‑1271‑5p was 
examined. Additionally, it was investigated whether CD164 
is the downstream target of miR‑1271‑5p, and whether 
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overexpression of CD164 would be able to reverse the effects 
of RP11‑619L19.2 knockdown. In summary, the aim of 
the present study was to elucidate the detailed function of 
the RP11‑619L19.2/miR‑1271‑5p/CD164 axis in CC, in the 
hope of identifying effective and predictive biomarkers as well 
as therapeutic targets for patients with CC.

Materials and methods

Human samples. A total of 30 pairs of primary CC tissues 
with matching adjacent normal tissues and 20 CC tissues with 
distant metastasis were obtained from the Second Affiliated 
Hospital of Xi'an Jiaotong University. The present study was 
approved by the Ethics Committee of the Second Affiliated 
Hospital of Xi'an Jiaotong University, and all patients enrolled 
provided their signed informed consent. All tissues were 
frozen in liquid nitrogen and stored at ‑80˚C until total RNA 
and protein were extracted.

Cell lines. Three human CC cell lines (HCT‑116, SW620 
and DLD‑1) and the normal colonic epithelial cell line FHC 
were obtained from the Cell Bank of the Chinese Academy 
of Sciences (Shanghai, China). All cell lines were cultured in 
DMEM supplemented with 10% FBS (Invitrogen; Thermo 
Fisher Scientific, Inc.), 100 U/ml penicillin and 100 U/ml 
streptomycin, and incubated at 37˚C in a 5% CO2 atmosphere. 

Cell transfection. The lentiviral vectors containing short 
hairpin RNAs (shRNAs) targeting RP11‑619L19.2 were 
designed and constructed by GenePharma. The expres-
sion vector for CD164 overexpression was obtained from 
GeneChem, Inc. The miR‑1271‑5p mimic and negative control 
(NC) oligonucleotides were synthesized by Guangzhou RiboBio 
Co., Ltd. CC cells were transfected with the abovementioned 
vectors or oligonucleotides by using the Lipofectamine® 2000 
Transfection Reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) and the transfection efficiency was verified by RT‑qPCR 
(Fig. S1).

Luciferase reporter assay. Luciferase reporter plasmids 
containing RP11‑619L19.2 or CD164 with the wild‑type (Wt 
RP11‑619L19.2 or Wt CD164) or mutant (Mut RP11‑619L19.2 
or Mut CD164) miR‑1271‑5p‑binding sites were obtained from 
GenePharma. HCT‑116 or SW620 cells were transfected with 
the miR‑1271‑5p mimic or miR‑NC, together with the reporter 
plasmids. Subsequently, 48 h after transfection the luciferase 
activity was measured by a Dual Luciferase Reporter Gene 
Assay Kit (Beyotime Institute of Biotechnology) according to 
the manufacturer's protocol. 

Reverse transcription‑quantitative PCR (RT‑qPCR) analysis. 
Total RNAs were purified from cultured cells, CC tissues or 
adjacent normal tissues by using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) and reverse‑transcribed into 
cDNA using the PrimeScript™ kit (Takara Biotechnology 
Co., Ltd.) at 42˚C for 1  h followed by 95˚C for 5  min. 
qPCR was conducted on a 7500 Real‑Time PCR System™ 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) with 
SYBR™ Green Master Mix (Takara Biotechnology Co., Ltd.). 
The thermocycling conditions used were as follows: Initial 

denaturation at 95˚C for 3 min, followed by 40 cycles of dena-
turation at 95˚C for 10 sec and annealing/elongation at 60˚C for 
30 sec. The primers used were as follows: For RP11‑619L19.2, 
5'‑ACT​GGG​AAT​GGA​GGA​AGA‑3' (forward) and 5'‑TGA​
GAA​AGG​ATT​GAG​GGA​AAA​G‑3' (reverse); for E‑cadherin, 
5'‑GGG​AGC​CAA​AAG​GGT​CAT‑3' (forward) and 5'‑GAG​
TCC​TTC​CAC​GAT​ACC​AA‑3' (reverse); for N‑cadherin, 
5'‑GGG​AGC​CAA​AAG​GGT​CAT‑3' (forward) and 5'‑GAG​
TCC​TTC​CAC​GAT​ACC​AA‑3' (reverse); for vimentin, 5'‑GGG​
AGC​CAA​AAG​GGT​CAT‑3' (forward) and 5'‑GAG​TCC​TTC​
CAC​GAT​ACC​AA‑3' (reverse); for β‑catenin, 5'‑GGG​AGC​
CAA​AAG​GGT​CAT‑3' (forward) and 5'‑GAG​TCC​TTC​CAC​
GAT​ACC​AA‑3' (reverse); for Snail, 5'‑GGG​AGC​CAA​AAG​
GGT​CAT‑3' (forward) and 5'‑GAG​TCC​TTC​CAC​GAT​ACC​
AA‑3' (reverse); for miR‑1271‑5p, 5'‑GGG​AGC​CAA​AAG​
GGT​CAT‑3' (forward) and 5'‑GAG​TCC​TTC​CAC​GAT​ACC​
AA‑3' (reverse); and for GAPDH, 5'‑GGG​AGC​CAA​AAG​
GGT​CAT‑3' (forward) and 5'‑GAG​TCC​TTC​CAC​GAT​ACC​
AA‑3' (reverse).

Cell migration assay. In  vitro wound healing assay was 
conducted to assess the mobility of CC cells. After different 
treatments, HCT‑116 or SW620 cells were seeded into 6‑well 
plates and cultured until ~100% confluent. Then, each well 
was scratched with a 200‑µl sterile pipette tip, washed with 
PBS, and incubated with serum‑free DMEM at 37˚C. The 
scratch area was photographed at 0 and 48 h to evaluate wound 
closure rate. 

Cell invasion assay. HCT‑116 or SW620 cells were suspended 
in serum‑free medium at a density of 4x105 cells/ml at 48 h 
after transfection. A 100‑µl cell suspension was added to the 
upper Matrigel‑coated chambers (8.0 µm pore size, Corning, 
Inc.) and 600 µl of complete medium was added to the bottom 
chamber. After a 24 h incubation, the invading cells were fixed 
in 4% paraformaldehyde for 10 min, and stained with 0.1% 
crystal violet solution for 30 min at room temperature. The 
number of cells was calculated and images were captured under 
a light microscope (Olympus Corporation) at a magnification 
of x200. 

Cell proliferation assay. HCT‑116 or SW620 cells trans-
fected with negative control, sh‑RP11‑619L19.2, miR‑NC, 
miR‑1271‑5p mimics, or sh‑RP11‑619L19.2 + pcDNA3.1‑CD164 
were seeded into 96‑well plates at 20,000 cells/well. After 
culture for the indicated time, 10 µl CCK‑8 reagent (Dojindo 
Molecular Technologies, Inc.) was added to the cell culture 
medium and cell viability was assessed following the 
manufacturer's instructions.

Western blotting. Once different treatments were completed, 
HCT‑116 or SW620 cell lysates were collected by using 
RIPA lysis buffer (Sigma‑Aldrich; Merck KGaA) and protein 
concentration was measured using a BCA assay kit (Pierce; 
Thermo Fisher Scientific, Inc.). All samples were subjected to 
10% SDS‑PAGE electrophoresis and transferred to a PVDF 
membrane (Roche Diagnostics). After blocking in 5% non‑fat 
milk in TBST (containing 0.05% Tween‑20) for 1 h at room 
temperature, the membranes were incubated with the following 
primary antibodies (all from Abcam): Snail (1:1,000, ab216347), 
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E‑cadherin (1:10,000, ab40772), N‑cadherin (1:500, ab98952), 
vimentin (1:1,000, ab20346), β‑catenin (1:5,000, ab32572), 
or β‑actin (1:2,000, ab8226) at 4˚C overnight. After washing 
three times with TBST (5 min per wash), the membranes were 
then incubated with HRP‑conjugated goat anti‑rabbit IgG 
(1:20,000, ab205718, Abcam) at room temperature for 1  h. 
Band detection was performed using an enhanced chemilumi-
nescence kit (Pierce; Thermo Fisher Scientific, Inc.). 

Immunohistochemical staining. The immunohistochemical 
staining for CD164 was performed as previously described (20). 
Briefly, tissue sections were deparaffinized and incubated in 
an antigen retrieval solution (Target Retrieval; Dako; Agilent 
Technologies, Inc.) at 95˚C for 15 min. The sections were then 
incubated overnight at 4˚C with a monoclonal antibody against 
CD164 (1:100; HPA010636; Sigma‑Aldrich; Merck KGaA). 
On the following day, the sections were incubated with an 
HRP‑conjugated secondary antibody (1:2,000; 7074, Cell 
Signaling Technology, Inc.) at room temperature for 30 min; 
they were then developed with diaminobenzidine at room 
temperature for 10 min and counterstained with hematoxylin 
at room temperature for 1 min. 

Statistical analysis. All data analyses were conducted using 
GraphPad Prism 5.0 software (GraphPad Software, Inc.). The 
data are shown as the mean ± SE. Student's t‑test was used 
when two groups were compared. When more than two groups 
were compared, one‑way ANOVA followed by Tukey's post 

hoc test was performed. P<0.05 was considered to indicate 
statistically significant differences.

Results

RP11‑619L19.2 is highly expressed in CC tissues and cell 
lines. The expression profile of lncRNA RP11‑619L19.2 in CC 
tissues and paired normal tissues was first examined. As shown 
in Fig. 1A, the expression of RP11‑619L19.2 was significantly 
higher in CC tissues compared with that in normal tissues. 
Furthermore, CC tissues with advanced TNM stage (III and V) 
exhibited markedly higher RP11‑619L19.2 levels compared 
with those with TNM stage I and II (Fig. 1B). In addition, 
CCs with lymph node metastasis exhibited higher expression 
of RP11‑619L19.2 compared with tumors without lymph node 
metastasis (Fig. 1C). The expression of RP11‑619L19.2 in CC 
cell lines was also analyzed. Compared with the control cell 
line FHC, the CC cell lines HCT‑116, SW620 and DLD‑1 had 
notably higher expression of RP11‑619L19.2 (Fig. 1D). Thus, 
lncRNA RP11‑619L19.2 was highly expressed in CC tissues 
and cell lines.

Knockdown of RP11‑619L19.2 inhibits CC cell proliferation, 
migration, invasion and EMT. To investigate the function of 
RP11‑619L19.2 in CC, multiple shRNAs were screened to knock 
down the expression of RP11‑619L19.2 (data not shown). The 
knockdown efficiency of shRNA targeting RP11‑619L19.2 was 
confirmed in HCT‑116 and SW620 cells (Fig. 2A). Functionally, 

Figure 1. RP11‑619L19.2 is highly expressed in CC tissues and cell lines. (A) The relative expression of RP11‑619L19.2 in CC tissues (tumor) or paired normal 
tissues (normal) was examined by RT‑qPCR analysis. (B) The relative expression of RP11‑619L19.2 in CC tissues with different TNM stage was examined by 
RT‑qPCR analysis. (C) The relative expression of RP11‑619L19.2 in CC tissues with or without lymph node metastasis was examined by RT‑qPCR analysis. 
(D) The relative expression of RP11‑619L19.2 in CC cell lines (HCT‑116, SW620 and DLD‑1) or control cells (FHC) was examined by RT‑qPCR analysis. 
**P<0.01, ***P<0.001. CC, colon cancer; RT‑qPCR, reverse transcription‑quantitative PCR.
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knockdown of RP11‑619L19.2 suppressed the proliferation 
of HCT‑116 and SW620 cells (Fig. S2A and B). In addition, 
knockdown of RP11‑619L19.2 markedly suppressed the migra-
tion and invasion of HCT‑116 or SW620 cells, as demonstrated 
by wound healing and Transwell assays (Fig. 2B and C). EMT 
is a critical process for tumor invasion and metastasis (21). 
The expression of EMT‑related genes after RP11‑619L19.2 

knockdown was further analyzed. As shown in Fig. 2D and 
E, knockdown of RP11‑619L19.2 significantly enhanced the 
expression of E‑cadherin, while decreasing the expression of 
N‑cadherin, vimentin, β‑catenin and Snail at both the mRNA 
and protein levels. In conclusion, RP11‑619L19.2 regulated 
EMT‑related gene expression and promoted tumor cell prolif-
eration, migration, invasion and metastasis in CC.

Figure 2. Knockdown of RP11‑619L19.2 inhibits CC cell migration, invasion and epithelial‑to‑mesenchymal transition. HCT‑116 or SW620 cells were transfected 
with RP11‑619L19.2 knockdown vector sh‑RP11‑619L19.2 or negative control (sh‑NC). (A) The knockdown efficiency was evaluated by RT‑qPCR analysis. 
(B) Wound healing assay was performed to evaluate the effect of RP11‑619L19.2 knockdown on CC cell migration. Scale bar: 200 µm. (C) Transwell assay 
was performed to evaluate the effect of RP11‑619L19.2 knockdown on CC cell invasion. Scale bar: 200 µm. The (D) mRNA and (E) protein levels of epithelial 
markers (E‑cadherin), mesenchymal markers (N‑cadherin, vimentin and Snail) and β‑catenin in HCT‑116 or SW620 cells transfected with sh‑RP11‑619L19.2 
or sh‑NC were assessed by RT‑qPCR and western blot analyses. **P<0.01, ***P<0.001. CC, colon cancer; RT‑qPCR, reverse transcription‑quantitative PCR.
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Reciprocal repression is observed between RP11‑619L19.2 
and miR‑1271‑5p. Given the crucial interaction between 
lncRNA and miRNA, it was further investigated whether 
miRNA was involved in the regulation of RP11‑619L19.2 
expression. DIANA tools were employed to search for miRNAs 
that may interact with RP11‑619L19.2 (22). miR‑1271‑5p was 
identified to have putative binding sites for RP11‑619L19.2 
(Fig. 3A). Dual luciferase reporter assay demonstrated that 
miR‑1271‑5p mimics inhibited luciferase activity in HCT‑116 
cells transfected with the reporter vector containing Wt 
lncRNA RP11‑619L19.2 sequences, while no significant 
suppression was found in HCT‑116 cells transfected with the 
reporter vector containing mutated RP11‑619L19.2 sequences 
(Fig. 3A). In addition, the expression of miR‑1271‑5p was 
significantly lower in CC cell lines (HCT‑116, SW620 and 
DLD‑1) compared with that in control FHC cells (Fig. 3B). 
Moreover, it was demonstrated that RP11‑619L19.2 knock-
down could enhance the expression of miR‑1271‑5p in 
HCT‑116 and SW620 cells, which further confirmed the recip-
rocal repression between RP11‑619L19.2 and miR‑1271‑5p 
(Fig. 3C). By contrast, HCT‑116 or SW620 cells transfected 
with miR‑1271‑5p mimics significantly downregulated the 
expression of RP11‑619L19.2 compared with cells transfected 
with the miR‑NC control (Fig. 3D).

Overexpression of miR‑1271‑5p suppresses CC cell 
proliferation, migration, invasion and EMT. Next, the func-
tion of miR‑1271‑5p in CC development was evaluated. The 
expression of miR‑1271‑5p was markedly lower in CC tissues 
compared with that in normal tissues (Fig. 4A). Overexpression 
of miR‑1271‑5p using miR‑1271‑5p mimics significantly inhib-
ited the proliferation, migration and invasion of HCT‑116 and 

SW620 cells (Fig. 4B and C, Fig. S2C and D). Furthermore, 
overexpression of miR‑1271‑5p suppressed EMT, with 
enhanced expression of E‑cadherin and decreased expres-
sion of N‑cadherin, vimentin, β‑catenin and Snail at both the 
mRNA and protein levels (Fig. 4D and E).

CD164 is a direct target of miR‑1271‑5p. To explore how 
miR‑1271‑5p regulates CC metastasis, bioinformatics analysis 
was performed and the targets of miR‑1271‑5p were predicted 
by TargetScan. As shown in Fig. 5A, miR‑1271‑5p had the 
complementary binding sequences targeting the 3'‑UTR 
of CD164. Luciferase reporter assay demonstrated that 
miR‑1271‑5p specifically inhibited the luciferase activity in 
HCT‑116 cells transfected with reporter vector containing the 
Wt 3'‑UTR of CD164, but not in HCT‑116 cells transfected 
with reporter vector containing the Mut 3'‑UTR of CD164 
(Fig.  5B). Immunohistochemical staining of CD164 was 
performed, and the results revealed that CD164 was highly 
expressed in CC tissues compared with that in non‑tumor 
control tissues (Fig. 5C and D). It was also confirmed that 
CD164 expression was significantly higher in CC cell lines 
compared with that in FHC control cells, indicating that 
the expression of CD164 was negatively correlated with 
miR‑1271‑5p expression (Fig. 5E). Furthermore, overexpres-
sion of miR‑1271‑5p was able to suppress the expression of 
CD164 in HCT‑116 or SW620 cells (Fig. 5F), validating that 
CD164 was a direct target of miR‑1271‑5p. Moreover, while 
knockdown of RP11‑619L19.2 inhibited CD164 expression 
and inhibition of miR‑1271‑5p enhanced CD164 expression in 
HCT‑116 or SW620 cells, inhibition of miR‑1271‑5p antago-
nized the inhibitory effect of RP11‑619L19.2 knockdown 
(Fig. 5G).

Figure 3. Reciprocal repression between RP11‑619L19.2 and miR‑1271‑5p. (A) Schematic representation of the predicted target sequences for miR‑1271‑5p in 
lncRNA RP11‑619L19.2 (left panel). HCT‑116 cells were co‑transfected with luciferase reporter plasmid containing RP11‑619L19.2‑Wt or RP11‑619L19.2‑Mut, 
together with miR‑NC or miR‑1271‑5p mimics. The relative luciferase activity was measured 48 h after transfection (right panel). (B) The relative expression of 
miR‑1271‑5p in CC cell lines (HCT‑116, SW620 and DLD‑1) or the control cell line FHC was evaluated by RT‑qPCR analysis. (C) The relative expression 
of miR‑1271‑5p in HCT‑116 or SW620 cells transfected with sh‑NC or sh‑RP11‑619L19.2 was evaluated by RT‑qPCR analysis. (D) The relative expression 
of RP11‑619L19.2 in HCT‑116 or SW620 cells transfected with miR‑NC or miR‑1271‑5p mimics was evaluated by RT‑qPCR analysis. *P<0.05, **P<0.01. 
RT‑qPCR, reverse transcription‑quantitative PCR.
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Overexpression of CD164 reverses the antimetastatic activity of 
RP11‑619L19.2 knockdown in CC cells. To determine whether 
RP11‑619L19.2 exerted its effects through the miR‑1271‑5p/ 
CD164 axis in CC cells, rescue experiments were performed. 
CD164 overexpression reversed the inhibitory effect of 
RP11‑619L19.2 knockdown on CD164 expression (Fig. 6A and B). 
Functionally, while sh‑RP11‑619L19.2 inhibited CC cell prolifer- 

ation, migration and invasion, overexpression of CD164 together 
with RP11‑619L19.2 antagonized the inhibition mediated by 
RP11‑619L19.2 knockdown (Fig. 6C and D, Fig. S2E and F). 

Moreover, overexpression of CD164 promoted EMT, with 
decreased expression of E‑cadherin and enhanced expression 
of N‑cadherin, vimentin, β‑catenin and Snail at both the mRNA 
and protein levels (Fig. 6E and F). Taken together, these results 

Figure 4. Overexpression of miR‑1271‑5p suppresses CC cell migration, invasion and epithelial‑to‑mesenchymal transition. (A) The relative expression of 
miR‑1271‑5p in CC tissues (tumor) and paired normal tissues (normal) was measured by RT‑qPCR analysis. HCT‑116 or SW620 cells were transfected with 
miR‑1271‑5p mimics or negative control miR‑NC. (B) Wound healing assay was performed to evaluate the effect of miR‑1271‑5p overexpression on CC 
cell migration. Scale bar: 200 µm. (C) Transwell assay was performed to evaluate the effect of miR‑1271‑5p overexpression on CC cell invasion. Scale bar: 
200 µm. The (D) mRNA and (E) protein levels of epithelial markers (E‑cadherin, N‑cadherin and vimentin) and mesenchymal markers (β‑catenin and Snail) 
in HCT‑116 or SW620 cells transfected with miR‑1271‑5p mimics or miR‑NC were assessed by RT‑qPCR and western blot analyses, respectively. **P<0.01, 
***P<0.001. CC, colon cancer; RT‑qPCR, reverse transcription‑quantitative PCR.
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indicated that the antimetastatic activity of RP11‑619L19.2 
knockdown in CC cells was mediated by CD164.

Discussion

Genomic and transcriptomic analysis by next‑generation 
sequencing has led to a well‑characterized molecular profiling 

of CC. Moreover, numerous lncRNAs have been found to be 
dysregulated in CC (23,24). We also screened for lncRNAs 
with altered expression in CC tissues in the present study (data 
not shown). To the best of our knowledge, this is the first study 
to report that lncRNA RP11‑619L19.2 is highly expressed in 
CC tissues and cell lines. Furthermore, the expression level 
of RP11‑619L19.2 was found to be positively correlated with 

Figure 5. miR‑1271‑5p negatively regulates CD164 expression by binding to 3'‑UTR of CD164. (A) Schematic representation of the potential miR‑1271‑5p 
target sequences in CD164 mRNA 3'‑UTR predicted by TargetScan. (B) HCT‑116 cells were transfected with luciferase reporter plasmid containing wild‑type 
CD164‑3'‑UTR (CD164‑Wt) or mutant CD164‑3'‑UTR (CD164‑Mut), together with miR‑1271‑5p mimics or negative control miR‑NC. The relative luciferase 
activity was measured 48 h after transfection. (C) The expression of CD164 in the CC tissues and non‑tumor control tissues was examined by immunohisto-
chemical staining. Scale bar: 200 µm. (D) The relative expression of CD164 in CC tissues or normal control tissues was evaluated by qPCR analysis. (E) The 
relative expression of CD164 in CC cell lines (HCT‑116, SW620 and DLD‑1) or the control cell line FHC was evaluated by RT‑qPCR analysis. (F) The relative 
expression of CD164 in HCT‑116 or SW620 cells transfected with miR‑1271‑5p mimics or miR‑NC was evaluated by RT‑qPCR analysis. (G) HCT‑116 or SW620 
cells were transfected with control, sh‑RP11‑619L19.2, miR‑1271‑5p inhibitor or sh‑RP11‑619L19.2 + miR‑1271‑5p inhibitor. The relative expression of CD164 
was evaluated by RT‑qPCR analysis 48 h later. *P<0.05, **P<0.01, ***P<0.001. UTR, untranslated region; RT‑qPCR, reverse transcription‑quantitative PCR.
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advanced TNM stage and lymph node metastasis of CC. 
Functionally, knockdown of RP11‑619L19.2 inhibited cell 
proliferation, migration, invasion and EMT, which indicated 
that RP11‑619L19.2 may act as an oncogene promoting CC 
development.

As there are only few studies investigating the function and 
mechanism of action of RP11‑619L19.2 in CC, we performed 
bioinformatics analysis using DIANA tools to identify the 
potential miRNAs involved in the regulation of RP11‑619L19.2 
expression. RP11‑619L19.2 was shown to act as a miR‑1271‑5p 

Figure 6. The antimetastatic activity of RP11‑619L19.2 knockdown in CC cells is mediated by CD164. HCT‑116 or SW620 cells were transfected with 
negative control sh‑NC, sh‑RP11‑619L19.2, or sh‑RP11‑619L19.2 + CD164 overexpression vector. The relative expression levels of CD164 (A) mRNA or 
(B) protein were evaluated by RT‑qPCR or western blot analyses, respectively. (C and D) Wound healing and Transwell assays were performed to evaluate the 
HCT‑116 or SW620 cell migration and invasion. Scale bar: 200 µm. The mRNA or protein expression levels of epithelial markers (E‑cadherin, N‑cadherin 
and vimentin) and mesenchymal markers (β‑catenin and Snail) in HCT‑116 or SW620 cells transfected with sh‑NC, sh‑RP11‑619L19.2, or sh‑RP11‑619L19.2 + 
CD164 overexpression vector were analyzed by (E) RT‑qPCR analysis and (F) western blotting. **P<0.01, ***P<0.001. CC, colon cancer; RT‑qPCR, reverse 
transcription‑quantitative PCR.
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sponge, and there was a reciprocal repression between the 
expression of RP11‑619L19.2 and that of miR‑1271‑5p. 
miR‑1271‑5p has been reported as a tumor suppressor in 
several different types of tumors. Chen et al  reported that 
miR‑1271‑5p suppressed cell proliferation and induced cell 
apoptosis via regulating ZIC2 in acute myeloid leukemia (25). 
In another study, miR‑1271‑5p negatively regulated FOXK2 
and inhibited cell growth and hepatocellular carcinoma devel-
opment (26). lncRNA UCA was demonstrated to regulate the 
miR‑1271‑5p/HGF axis in multiple myeloma by controlling 
cell apoptosis and proliferation (27). Our findings revealed that 
miR‑1271‑5p also acted as a tumor suppressor in CC, while 
overexpression of miR‑1271‑5p suppressed cell proliferation, 
migration, invasion and EMT. 

To further address the mechanism underlying the role of 
miR‑1271‑5p in CC, CD164 was identified as a direct target of 
miR‑1271‑5p by bioinformatics analysis. CD164 belongs to the 
sialomucin family, which regulates cell proliferation, adhesion 
and migration of hematopoietic progenitor cells  (28). In 
addition, CD164 has been reported to regulate tumor develop-
ment and progression (29). Tang et al reported that inhibition of 
CD164 resulted in suppressed tumor cell proliferation, mobility 
and metastasis in CC cell lines (30). Furthermore, CD164 has 
been identified as a new biomarker in acute lymphoblastic 
leukemia (31). The present study also demonstrated that CD164 
had a function similar to that of RP11‑619L19.2, promoting cell 
proliferation, migration, invasion, and EMT in CC cell lines.

Although there was sufficient evidence to support the 
presence of an interaction network involving RP11‑619L19.2, 
miR‑1271‑5p and CD164 in CC, whether other miRNAs may 
also interact with RP11‑619L19.2 and whether miR‑1271‑5p 
controls multiple targets besides CD164 were not fully addressed. 
Furthermore, it was demonstrated that RP11‑169L192 and 
CD164 acted as oncogenes, while miR‑1271‑5p acted as a tumor 
suppressor in regulating CC cell migration, invasion and EMT; 
however, in vivo CC models must be employed to further investi-
gate the function of the RP11‑619L19.2/miR‑1271‑5p/CD164 axis. 

In conclusion, the results of the present study revealed 
that lncRNA RP11‑619L19.2 functions as a ceRNA in regu-
lating miR‑1271‑5p/CD164 and controlling CC cell migration 
and invasion. These findings provide new insight into the 
lncRNA/miRNA/mRNA network in CC, which may represent 
a novel diagnostic and predictive biomarker, as well as a target 
for the treatment of patients with CC. 
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